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ABSTRACT

SYNTHESIS OF NOVEL ALKYL ALPHA-(HYDROXYMETHYL)
ACRYLATE (RHMA) ETHER DIMER DERIVED POLYMERS

AND THEIR POTENTIAL USE IN POWDER COATING

One of the newest and most effective technologiesoating industry is powder
coating. Powder coating has been applied from wimodteel surfaces. Among many
components, resin has the highest percentage inmixéure which determines the
characteristics of a powder coating. Some of tlgaifsicant characteristics are stability,
reactivity and processability. One of the physjmaperties that affect the most the quality
of a coating and also its manufacturing procesbasly of the resin. The lowestgThat is
possible is around 55-8iC for a powder coating that is to be cured at 126°Q. This T
interval can be reached by aliphatic polyestery amlrelatively high molecular weights
(10,000-20,000 g/mol) which lowers the crosslinkglgy. Decreasing molecular weight
but keeping the highgjTcan be achieved with aliphatic cyclopolymers. Ryesly in our
research group, it has been shown that thgsarT be obtained at about 3000-6000 g/mol
molecular weights using the cyclopolymers.

Aliphatic cyclopolymers derived fromtert-butyl o-(hydroxymethyl)acrylate
dimer(TBHMA) were synthesized via atom transfericadpolymerization (ATRP) to be
used as potential base resins for powder coatipticagions. Solution polymerizations was
performed in xylene using Cu(l)Br/PMDETA as theiaetcatalyst complex. Since thg T
requirement has been successfully fulfilled presipuin our research group, for the
cylpolymers to be used in powder coating applicatieactive end groups must be
introduced to the terminal positions of the polymes modify end groups, two strategies
were chosen. First one was the addition of alcohalcid functionality via the addition of
alcohols and acids with terminal double bonds (polymerizable) under ATRP
conditions. Second was to employ the click chemisthe quantitative determination of
the acid and alcohol end groups was challenging rm&s to the literature, and this
quantitative analysis was crucial since the stoietatric ratios of the polymers and cross-
linkers have to be adjusted to obtain a good cgat@ross-linking and preliminary
perspective were also investigated.
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OZET

YENI ALK iL ALFA-(H iDROKSIMET iL) AKR iLAT (RHMA)
ETER DiMER TUREV i POLIMERLER iN SENTEZi VE

TOZ BOYACILIKTA POTENS iYEL KULLANIMI

Pudra (toz) boyaclilik, kaplama sanayinin en yenewetkili teknolojilerinden biridir.
Son zamanlardagagctan celik yiizeye kadar uygulanabilmekteltinde pek ¢ok kimyasal
barindirsa da, polimer ana recginesi en fazla yliezdayip olup; toz boyanin karaktegsti
belirler. Bazi 6nemli 6zellikler, dayanikhlik, re#lik ve islenebilirliktir. Kaplamanin
kalitesini ve Uretim verimini belirleyen en kesiiziksel 6zelliklerden birisi J aralgidir.
Tum gereksinimleri karlayan en diiik Ty aralig 55-60°C civarindadir. Bu aralik ancak
gorece olarak yuksek molekilegidikta (10,000-20,000 gr/mol) alifatik poliesterle
kullanilarak egilse de , bu ¢apraz payogunlugu az olan kaplamalar vermektedir. By T
deserleri daha dgiik agirliklarda grubumuz tarafindan halkali polimerleall&nilarak
3000-5000 molekulergarliklarinda elde edilebilnsiir.

T-batil a-(hidroksimetil) eter dimerlerinden ATRP yodntene iliretilen alifatik halkah
polimerler pudra kaplama uygulamalarinda potandigel recine olarak kullaniimak tzere
sentezlenmgtir. Co6zelti polimerlemesi ksilen igcinde, Cu(l)Br/PMDETA sistemini
katalizor olarak kullaniimasiyla gercefdieilmistir. Hedeflenen bdlgedeki jTayarlamasi
argtirma grubumuz tarafindan daha Oncesabpa ile yapiimgtir. Toz boyacilikta
kullaniimak Uzere reaktif u¢ gruplarin polimerinlargna eklenmesi ve bunlarin analizi bu
tezin ana konusu olngtur. Ug gruplari dgistirmek icin, iki yontem izlennstir. ilki, alkol
ve asit gruplarinin, kendi kendine polimarteeyen, ucu cift bl molekillerin ATRP
ortaminda eklenmesi olmustdkincisi ise, bir bgka ug¢ grup dgistirme yontemi olan klik
kimyasinin kullaniimasidir. U¢ gruplarin nicel @krbelirlenmesi zor ve literatir icin de
yeni bir yontemdi, bilindii gibi, polimerler ve ¢capraz giyicilar arasindaki stokiyometrik
oranin, kaplamanin niteliklerine gimdan etkisi vardir. Capraz glama ve ileriye donuk

yeni fikirler de aratiriimaya balanmstir.
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1. INTRODUCTION

1.1. Powder Coating

Conventional liquid technology (wet) has been ussate than two centuries and
starting from 1960s, powder coating (dry) startedimd a way in the surface finishing
market[1].

Powder coating is a dry process in which the cgativaterial is applied to a surface
by electrostatic or compressed air, or sometimasgus fluidized bed. Then the applied
powder is heated (or cured) in an oven to its mglgoint, after it reaches to form a smooth
film which give rise to a firm, durable finish re&nt to scratches, cracking, peeling, UV

rays[2].

Traditionally, powder coating has been considered avolatile organic compound
(VOC) free alternative to the conventional wet piagy thus, they are considered as a
“green” technology where they compete with systéikes waterborne coatings, radiation-
cured coatings and high-solids solvent-based agst[B]. Overall, the advantages and
disadvantages of the powder coating can be brsefigmarized (Tablel.1):

Table 1.1. Advantages and disadvantages of povadgmngs.

Advantages Disadvantages
« Wide range of finishes e Contamination
* Readyto use * Delicate when changing color
» Ease of use * Powder adjustment on-site is not
* One-coat application possible

* No effluent disposal
e Solvent free

+« Reduced health hazards




1.2. Powder Coating Process

1.2.1. Powder Manufacturing

Powder coating is a mixture of polymers, pigmems ather components (total
number of components can be up to 15), each chtogemvide the properties required by
the end user. The final powder coating materiakubjected to several thermal and

mechanical processes to achieve homogenized eddgir@-igure 1.1.)

The process starts with premixing prior to hot nmmpounding where all raw
materials are mixed because insufficient premixafigcts the characteristic of the final
product. Then, in an extruder, hot melt compoundsngerformed to melt all powders and
to complete homogenization while pigment agglonesratre broken to be homogenously
dispersed. Here the temperature is a key factothi®rgloss property of a final product.
After the completion of this hot melting, the pratlis cooled. The material is transported
to grinding mills to transform it into a powdereath. The heat evolved by the mechanical
action must be appropriately removed to operatevbdl, and this is very critical for high
molecular weight thermoplastic formulations sinkeeyt are though, cryogenic treatment is
the only method for proper grinding. Contemporaringjng devices are delivered with
particle size classifying part which enables to dsie the particles to a reasonable
dimension (10 mm to 75 um). To reach the optimz¢ sind homogeneity in the powder,
further treatment may be done which may consistyafoning, classifying, filtering or

sieving [4].
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Figure 1.1. Schematic representation of powdetimgp@rocess
1.2.2. Coating Application
The ready to use powder coating is then applicetbbny surface that is stable at the

curing temperature. Generally, the powder coatingpplied to a surface by the aid of an

electrostatic gun which positively charges the pesmsdand spray them to the substrate
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surface which is electrically ground (Figure 1\8jhen the surface is covered sufficiently,

the ground is taken off and the covered surfacpuisinto an oven to be cured at the

temperature where the mixture cross-links.

Mamum voltage ot
the tip al the electrode

Applicator

Voltage

Electrostatic Wrap

Figure 1.2. Electrostatic gun

The market for powder coatings are generally didioeo two main parts as

decorative and functional coatings (Table 1.2).

Table 1.2. The market for powder coatings [3].

Decorative coatings

Functional coatings

* Metal furniture

* Household appliances

* Automotive components

* Clear automotive topcoats

* Machinery and tools

* Aluminum extrusions and sheet
* General metal coating

» Caoil coating

* Heat-sensitive substrates

e Thick films:
- Pipes
- Reinforcing bars for concrete

- Valves and pipeline fittings

¢ Thin films:
- Building lintels
- Cans and containers

- Insulation for electronic parts




1.3. Material Requirements for Powder Coatings

There are several key factors for determining tblet material for a specific powder
coating application. Here in this section, the rexuents for thermosetting powder
coatings will be mostly discussed. The most crupatameters are molecular weight,

functionality, glass transition temperature, metcesity, and reactivity.
1.3.1. Molecular Weight

Like all polymeric materials, the resins are blenfimolecules of different molecular
weights. Therefore averaging of the molecular wisiglh necessary. Two of the well
known equations for averaging molecular weightsraost important: the number average

molecular weight (M) and the weight of the average molecular weighf)((Figure 1.3).

LTI N2
i, = Zails 1 L i, = 2 ‘T"'jﬂ ‘r
Ei i\'i Zi 1\'54”11'_5

Figure 1.3. Number average molecular weight andjiiesf the average molecular weight.

Tensile strength and impact resistance are maiepewndent on the number average
weight; while the weight average molecular weigaveyns mainly the melt viscosity of
the resin [4]. Higher molecular weight resins gimgroved mechanical performances.
They also make the system less sensitive to weggkmors, and differences in epoxy
equivalent weight and acid value. However, high@latular weights give higher melt

viscosities, and these can affect the powder psig$3].
1.3.2. Functionality

Functionality can be defined as the average numbezactive groups per molecule.
Generally, as the functionality increases the s$witgi of the formulation to the ratio of
resin/curing agent decreases, which may improvenas resistance but this may also
cause poor flow-out of the coating since the caggimelt viscosity increases faster during
curing [3].



1.3.3. Glass Transition Temperature

Any polymer starts to flow above itghus for powder coating, a sufficiently high T
is a plus. The difference betweeg df a polymer and the ambient temperature directly

affects the adhesion potential of the coating [3].

1.3.4. Melt Viscosity

As far as all parameters concerned, having theelsigmolecular weight and, Tor a
polymer gives the best mechanical properties asowder coating. However, these
generally result in a dramatic increase of meltcassty and this may result in some

performance loss during manufacturing and appboaj].

1.4. Chemistry of Powder Coatings

1.4.1. Curing Reactions Used in Powder Coatings

There are two types of coating methods used in powdatings; first one is the one
in which thermoplastic polymers are molten at tppligation temperature, and then they
are solidified upon cooling, thus the coating mates subject to a physical change only

(heating and cooling). Due its simplicity the meathtas a considerable market share.

Thermoplastic polymers do not have enough adheson metal surfaces.
Thermosetting polymers can solve the problem bir tid@lity of cross-linking which also
enhances the molecular weight and thus give impgfrgued mechanical properties. These
cross-linkings give rise to a three-dimensionalvoek. Network formation depends on the
average functionality of the system. When the ayefanctionality is around two, the full
conversion will lead to a high molecular weightelan polymer without network formation.
Generally, such kind of system does not have gobeest resistance. On the other hand
having too much functionality can cause excessiges:linking that can lead the formation
of brittle films exhibiting unsatisfactory postfonng properties and low impact resistance.
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Several types of curing reactions are employedharniosetting powder coatings.
They can be classified into acid/epoxy, acid aniggdepoxy, epoxy/amino,
polyphenols/epoxy, polyetherification, isocyanayefioxyl, epoxy nucleophile catalyzed
transesterification (encat), radiation curing.Histproject, our focus is with the acid/epoxy
curing reaction, where four possible reactions @ecur when epoxy and acid groups are
put together to react .

Ry

CH
R
RCOOH + H,C—CH™— ' RCOO— o oy

0
Figure 1.4. Reaction 1
Ry Ry
/CH /CH
RCOOH + RCOO— ¢ SoH » RCOO—pc SOCOR + H;0
Figure 1.5. Reaction 2
Ry R4
CH C|H G R
1
RCOO\HZC/ NoH + HZC—CH/R1 RCOO\HZC/ \O/ \C'C\/
OH
Figure 1.6. Reaction 3
R4
CH
R
0

Figure 1.7. Reaction 4

Without any catalyst, the possibility of the fitbiree reactions proceeds at the same
rate [5]. Reaction 3 only occurs with in the preseonf a strong acid; generally powder
coating formulations are employed with basic catsly normally this reaction is not
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expected as a side reaction. However, when thehstonetry of acid/epoxy functionality is

1:1 with a basic catalyst, the reaction 1 selebtiwecurs to give hydroxyl esters. In an

excess of epoxy groups, and after a certain pdnergvthe acid group consumption is over,

the etherification reaction proceeds as in thetiead.

As a whole, two reaction mechanisms are possibleafbase catalyzed acid-epoxy

reaction [45-48]. First one is the usage of teyt@mines as catalysts; the decomposition of

acid-catalyst salt generates the active carboxglaiten (Figure 1.8-10):

RCOOH+ B

K
[RCOOH /B-salt | o RCOO-  + BH*

Figure 1.8. The decomposition of acid-catalyst salt

Then the carboxylate anion attacks to the epoxy; nesulting of an alkoxide anion.

R
RCOO + H,C—CH™ ' __ Kk . RCOO\Hzc/ o

Ry

CH

Figure 1.9. Resulting an alkoxide anion.

The alkoxide anion generates new carboxylate anions

Ry

CH

Ri

CH
Rcoo\Hzc/ ~

Rcoo\Hzc/ o

o

Ry

CH
+ RCOOH ke RCOO— i, o + RCOO

Ry

CH
s BH ke RCOO— o Son, g

Figure 1.10. Generating new carboxylate anion.

Overall reaction rate is:;1$ k; [RCOO] [epoxy] =kiKeq [RCOQ] [epoxy] [B] / [BH™].
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The rate is controlled by the concentration of ¢atalyst, the rate of decomposition

of the acid-catalyst salt, or the value of the Boum constanKeg

The second possible mechanism works for the quatgr@mmonium salts. The first

reaction is the dissociation of the salt (Figurkl114).

AB At + B

Figure 1.11. The dissociation of the salt.

Then the base directly attack to the epoxy gemegatikoxide anion.

Ry

CH
/R1 k4

B+ H,C—CH , B—h,c

VRN

o

Figure 1.12. Generating alkoxide anion.

Carboxylate anion formation.

Ry Ry

CH CH
“" o+ RoOOH__ K B—p 7 op

B—h,c

+ RCOO

Figure 1.13. Carboxylate anion formation.

And again alkoxide and carboxylate anions in thd sBequences.

Ry

CH

Ry Ry

RCOO" + H,c—CH— ke RCOO—y o o

CH CH
RCOO—p.c”” o+ RcoOH ___ K1 RCOO—p,c” o

H + RCOO-

Figure 1.14. Alkoxide and carboxylate anions
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For the reaction kinetics, 11 and 13 are considasei@st, no influence on rate of curing.
S4 = ks [B] [epoxy]

S = ke [RCOQ] [epoxy]

Experimental reports obtained to support the almogehanisms [6,7].

1.4.2. Resins Used in Powder Coatings
There are several types of powder coatings in thkked and they can be divided into
five main groups (Table 1.3.) where the coatingpprtes highly changes depending on the

system used.

Table 1.3. Main properties of different types aértinoset powder coatings [8].

EPOXY ACRYLIC | POLYESTER | HYBRID URETHANE
Weatherability| Poor Excellent | Excellent Poor Good
Corrosion Excellent | Good Very good Very good Very good
resistance
Chemical Excellent | Very good Good Very good Very good
resistance
Heat Very good | Good Good Good Very good
resistance
Impact Very good | Fair Good Very good Very good
resistance
Hardness HB-5H HB-4H HB-4H HB-2H HB-3H
Flexibility Very good | Fair Very good Very good Vegpod
Adhesion Excellent | Fair Excellent Excellent Verydo

The repeat unit in the backbone of the polymeixiseenely important depending on
whether it contains aromatic (Figure 1.16) or adijph (Figure 1.15) structure. Aromatic
polymers are rigid in the structure and show goatmanical properties but due to their
conjugation, they are prone to photodegradationti@rother hand, aliphatic polymers are
resistant to sun light. To achieve desired meclshmpooperties, there is a great need of

increasing the molecular weight.
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0 o 0 0
HO 0(_)0
HOWOWOH {\©70J\©/ 10\©)Lh?H

Figure 1.15. Aliphatic polyester. Figure 1.16. Aromatic polyester.

1.4.3. Formulations in Powder Coatings

Before starting any formulation, the end use shdagdvell determined and it is the

requirements of the end product that will give ghap the final formulation. General

specifications can be classified as:

e The resin system

e The curing schedule

* The gloss level

*« Color

* Type of finish

e Durability

e Other requirements

There are six basic types of chemicals used irfiaimeulations:

1.

o 0k w0 N

Resins

Curing agents

Pigments

Flow and anti-cratering agents
Other additives

Fillers and extenders

In the formulations, the most important point is 8toichiometric balance deviations

from it may result in poor mechanical and chempefformances. In formulations various

additives are added to prevent defects and gengraid leveling such as liquid flow
additives (0.5 to 1.5%).
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As the project is aimed for the synthesis of agidky type of powder coating,

starting formulation of that kind stated below (Teah.4):

Table 1.4. Polyester:TGIC mix ratio

Polyester resin TGIC Poylester: TGIC*
Acid value  Equivalent weight Equivalent weight Gdited Used
20 2805 108 96.3/3.7 96/4
33 1700 108 94.0/6.0 93/7
50 1122 108 91.2/8.8 90/10
* Weight ratio

First of all, the stoichiometric calculation is adobut due to industrial background,

rounding the calculated ratios increases the impetstance of powder coating.

The use of higher acid value polymers increasesaheent and chemical resistance,
but as the triglycidyl isocyanurate (TGIC) amountreases, the gjldecreases, that may
cause some storage problems. Generally, in thesind@3/7 mix is a standard grade that

gives good coating properties [3].

1.4.4. Cyclopolymers as Potential Resins for Powd&oatings

Cyclopolymers can be used as an alternative base fEhey are rigid enough to replace
the aromatic resins. Also they do not have douldedb that photodegrade. Several
cyclopolymers are reported in the literature. Tlaeg synthesized by conventional free
radical methods. A great control is needed in ma&owveight and end groups. Adjustment
of the desired § and efficiency of cross-linking reactions are defeel on them,

respectively. Synthesis of cyclopolymers via caoifd polymerization with the ability of

reactive end groups should satistfy the desirepgtes. Therefore, atom transfer radical

polymerization was investigated.
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1.5. Atom Transfer Radical Polymerization (ATRP)

The most precise polymer synthesis is known asdiyolymerization, and the first
example of which was discovered in the anionigyp@rization of styrene with sodium
naphthalenide in 1956 [9-10]. A drawback of theigotechniques is their pronounced
sensitivity to moisture, carbon dioxide, and nunuisrother acidic or basic compounds.
lonic polymerizations can only be applied to a tedi range of monomers, and due to
significant differences in the reactivity ratiostbE monomers, copolymerization reactions
are often challenging [11]. The exciting part of ttontrolled radical polymerization (CRP)
is its being free of side reactions such as tertiinaand can generate polymers of well-

defined architectures and molecular weights [12].

One of the most developed controlled / living pogyimation (CLP) technique is the
atom transfer radical polymerization (ATRP). It lgmined the attention of the academy
and industry, due to the fact that, ATRP has nalaction conditions and is applicable to
wide range of initiators and monomers. ATRP syritegk polymers are capable of chain
end-functionalized and can be further used in postmerization modifications [13] and
serve as macroinitiators in the synthesis of bladpolymers [14]. Thanks to its
mechanism (Figure 1.17), the radicals, or the acBpecies, are generated through a

reversible redox process catalyzed by a transitietal complex [15].

dormant ctize

' }

R¢ + M"/Ligand

activated activator Keact Q deactivator
halide (catalyst) K (catalyst)

X=-C|, Br +M

R . X-M{""/Ligand

Figurd 7. The mechanism of ATRP.
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ATRP is multi-component reaction which is very degpent on the right balance
among them. Every monomer has its own atom tramesfeilibrium constant for its active
and dormant species. The polymerization rate igrdehed by the magnitude of the
equilibrium constanteq =Kkact/ Kgeac), there is only radical termination by coupling or
disproportionation which can affect the rate. Towalh equilibrium rate will not work or
slowly work for ATRP. Each monomer also possestseswn intrinsic radical propagation

rate.

The number of growing chains can be controlledhgyinitiators. . If initiation is fast
and transfer and termination negligible, then tbmber of growing chains is constant and
equal to the initial initiator concentration. Theeobretical molecular weight or degree of
polymerization (DP) increases reciprocally with théial concentration of initiator in a
living polymerization.

DP = [M]o/ [initiator]o X conversion

The rate of polymerization is first order with respto concentration of the initiator,
typically activated alkyl halides (RX). X must n@between transition metal complex and
the growing chain in order to get well-defined puobrs. Hence, the best known halides are
bromine and chlorine. R group carbon being as eaibaryl, or allyl can preferably be

used as ATRP initiators.

The key component in ATRP is the catalyst. Theeemerequisites for an effective
transition metal catalyst. First, two readily acible oxidation states separated by one
electron is a must for the metal center. Secondaffinity toward a halogen is needed.
Third, coordination sphere around the metal shbalde the ability of an expansion upon
oxidation where accommodate a halogen. Fourthlighed and metal complex should be

strong.

Bulk and in solution or heterogeneous system aey d&ar ATRP. Chain transfer to
solvent must be as much as little. Solvent andt#talytic system interactions must be kept
in the consideration. Poisoning of the catalysth®y/solvent (e.g., phosphine or carboxylic
acids in copperbased ATRP) [16] and solvent-askiside reactions, which is more
pronounced in a polar solvent [17], should be mined.
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1.6. Cyclopolymerization of Tert-butyl a-(Hydroxymethyl)acrylate Ether Dimers
(TBHMA) via ATRP

The potential of the aliphatic cyclopolymers innterof the material requirements of
a powder coating resin has been mentioned abov&PAfEchnique has been chosen to
achieve cyclopolymers with living end groups, awe Ipolydispersities (Figure 1.18).
Previously in our research, ATRP was successfullywed for the controlled
cyclopolymerization by tuning the ATRP componehts further studies are needed to
turn these cyclopolymers into a powder coating nresthich include chain end
functionalization, quantitative determination afdegroups and finally cross-linking of

these end groups with curing agents.

O O
cyclopolymerization N
RO O OR >~ ROOC COOR

O

RHMA ether dimer

Figure 1.18. Cyclopolymerization of RHMA ether dirse

In our research group, three types of alkyfhydroxymethyl)acrylate ether dimers
(ethyl, n-butyl and t-butyl) have been previoustydsed. The results showed that the
bulkier the R groups, the more efficient is thelization [18]. These results are consistent

with the results obtained from the conventionad fradical polymerization [19, 20].

Finally, cyclopolymers within the desired, Tange were synthesized by using soft
block containing di-initiator. A linear correlatiopetween molecular weight and, Was

observed, in the targeted moleular weight ranggu(fei 1.19).
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Figure 1.19. Mw and gRelationship of TBHMA derived polymers [21].

1.7. End Group Functionality of Polymers

1.7.1. Telechelic Approach

To achieve end groups with desired functionaliey XTRP, there are two main ways.
First, the usage of an initiator with one side beadesired end group and the other is a
halogen; to yield a polymer with a mono-functiotaliThe halogen end group can be
easily turned into the needed functionality by denprganic reactions (Figure 1.20).
Second, the synthesis of a di-functional initiatoth two halogen end groups which will
lead to a polymer whose both end groups are halbgeaming. Those halogens can be

reacted to get desired functionality.

Recently, there is a dramatic increase in the fism® simple organic reaction which
is click chemistry. Click chemistry as it is namiegl Sharpless gained the attention of the
scientists since it enables high specificity, guate yields in the presence of most
functional groups and the absence of side prodoittsr than simple molecules such as
water, carbon dioxide [22]. The most termed reacts click chemistry is the copper-
catalyzed Huisgen dipolar cycloaddition (Figurel).2eaction between an azide and an
alkyne leading to 1,2,3-triazole.[23-25].



&
LNy THF, RT AAAN=PPh, wanNH—GH,—CH,—OH PBu,
>B5%
Hy0,
THF,
RT
Y >95% Et;N :;"EB””
>95% (PSt) 9
M"H]
MaM,, OMF >35%
Y
I:\ R Cu(0), 0.5 eq.j
u(D], 0.5 eq.
Sim
TiCl,, . /// CuBr
CHyGly .~ 4
3nE|u1
-G H —CH—B:'
AL, CHg "j benzene E“HSHH :
in situ H —I:Hz.-rw
(4]
CH, e Wand=CH,—CH—Br
CHZ_QH

Figure 1.20. End group modifications [15].

There are several applications in the field of pody chemistry, and it has already
been employed successfully in material science. [Pl6¢ synthesis of a excess of telechelic
[27-31] or backbone- functionalized [32, 33] polymas well as more complex structures
such as cross-linked nanoparticles and micelle$, 35] dendrimers, [36, 37]segmented

copolymers, [38, 39] cyclic polymers, [40] star {43] and brush [44, 45] copolymers,

networks, [46] and many others has been demongtrate

R1

1 1. N 11 N.
RHN -uN R'“H-N xN
4 + 55}—!
R? R?

Figure 1.21. Huisgen dipolar cycloaddition reaction

17
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2. OBJECTIVE

ATRP of TBHMA ether dimers, the tuning of the glasansition temperature by
changing the molecular weight and the backbonetstre and some preliminary end group
studies have been performed in our research grdihmt remains challenging is the
achievement of the curing reactions, efficientlyanqtitative determination of the end

groups and to have a final curable powder coatingume.

By combining previous works on TBHMA derived polyragthe ultimate goal was to
synthesize the first known example of a powderingatontaining living cyclic polymers
with low polydispersities and well-defined moleaueights (Mw 5000-7000) that is able
to achieve F(60-80°C) for low-temperature cured powder coatings. Heaaepnsiderable

amount of effort was spent to get reactive end ggdar the curing reactions.
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3. EXPERIMENTS

3.1.Monomer Synthesis

3.1.1. Materials

t-Butyl acrylate (Acros Organics, 99%), paraformalge (Sigma-Aldrich), 1,4
diazabicyclo[2.2.2]octane (DABCO) (Fluka, >95.0%)butyl alcohol (Merck, 99%),
hydrochloric acid (HCI) (Sigma-Aldrich, 37%), posasm permanganate (KMn{
Sodium Bicarbonate (NaHGPD(Riedel-de Haen, 99%), Diethylene glycol (Fisi#8%),
Tetra ethylene glycol (Fisher, 98%), 2-Bromo-2- Inygtropionyl bromide (Acros, 98%),
Triethyl amine (TEA) (Merck, 99%), 4-Dimethylamingpdine (DMAP) (Acros, 99%)
were used as received without purification. Thevesols; methylene chloride (GAEl,),
hexane, methanol, tetrahydrofuran (THF) were allaimed from Merck and used as

received.

3.1.2. Apparatus

'H-NMR, *C-NMR and*'P-NMR spectra’s were recorded using a Varian Gemini

400 MHz spectrometer.

3.1.3. Synthesis of Tert-Butyb-(Hydroxymethyl)acrylate Ether Dimer

t-Butyl acrylate (137.80 g, 1.09 mol), Para formaite (32.3 g, 1.08 mol), 1,4-
diazabicyclo[2.2.2]octane (DABCO) (5.38 g, 2.9 wt%id t-butyl alcohol (8.70 g,
4.7wt%) were added into a 250 mL three-necked dewsttom flask fitted with a
condenser and a magnetic stirrer. The mixture waed at 95°C for 4 days. The reaction
progress was monitored by thin layer chromatogra@iyC) using silica gel plates and
CH.CI; as the eluting and diluting solvent. TLC plates aversualized using potassium
permanganate solution. At the end of the fourth tlag mixture was diluted with 200 mL
of methylene chloride, extracted three times wit® L of 3% HCI, and then with 100

mL of distilled water. The organic layer was sepettaand evaporated under reduced
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pressure to give the desired product. The pureymtodas obtained from silica column

eluted by hexane/methanol mixture (99/1) as a digaid in 60-80 per cent yield.

13 NMR (CDCh): &= 28.26 (CH), 69.19 (CH-O), 81.13 [C-CHa)s], 124.69
(C=CHy), 138.83 CH,=C), 165.26 (C=0) ppm.

'H NMR (CDCh): = 1.46 (s, 9H, Ch), 4.17 (s, 2H, OC}), 5.78 (s, 1H, CH=C),
6.17 (s, 1H, CH=C) ppm.

3.1.4.Synthesis of Tetra Ethylene Glycol di Initiator (TEG-DI)

Tetra ethylene glycol (3.49 g, 0.017 matjethyl amine (4.30 g, 0.041 mol), 4-
dimethylaminopyridine (DMAP) (0.12g, 5 mol%), an@ Bi\L THF were added into a 100
mL three-necked round-bottom flask fitted with andenser and a magnetic stirrer. Using
ice bath for cooling 11.19 g of 2-Bromo-2- methgpionyl bromide and 10 mL of THF
were added via addition funnel with a rate of ongpdper second. The reaction progress
was monitored by thin layer chromatography (TLCnhgssilica gel plates and GBI, as
the eluting and diluting solvent. TLC plates wergualized using potassium permanganate
solution. At the end of two hours, the mixture widated with 300 mL methylene chloride,
extracted firstly three times with 100 mL of distil water, secondly three times with
150mL of 0.5 N HCI, thirdly three times with 120 ndf saturated Sodium Bicarbonate
(NaHCGQ) solution and then two times 120 mL with distilledter. The organic layer was
separated and evaporated under reduced pressgreetthe desired product. Evaporation
of the solvent gave the pure TEG-DI initiator adggat brown liquid in around 80 per cent
yield [21].

1£-NMR (CDCE): 3=30.89 (CHjy), 55.88 (C-CHa)), 65.22 (CH-O), 67.96 (Ch-
0), 69.96 (CH-0), 70.76 (CH-O), 171.56 (C=0) ppm.

H-NMR (CDCl): 8= 1.95 (s, 12H, Ch), 3.62 (m, 8H, OCH), 3.71 (t, 4H, OCH),
4.30 (t, 4H, OCH) ppm.
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3.1.5.Synthesis of 2-Hydroxyethyl 2-Bromoisobutyrate (HEBB)

Ethylene glycol 20 fold excess (62 g, 0.999 malgthyl amine (2.85 g, 0.028 mol),
4-dimethylaminopyridine (DMAP) (0.1174g, 5 mol%)da30 mL THF were added into a
100 mL three-necked round-bottom flask fitted wattcondenser and a magnetic stirrer.
Using ice bath for cooling, 4.8245 g (0.021 mol)2eBromo-2- methylpropionyl bromide
and 20 mL of THF were added via addition funnehvdtrate of one drop per second. The
reaction progress was monitored by thin layer clatography (TLC) using silica gel
plates and CKCl, as the eluting and diluting solvent. TLC platesreveisualized using
potassium permanganate solution. At the end of hauars, the mixture was diluted with
250 mL methylene chloride, extracted firstly thteees with 75 mL of 0.5 N HCI, then six
times with 100 mL distilled water. The organic layeas separated and evaporated under
reduced pressure to give crude monomer. Evaporafitre solvent gave the pure initiator
as a light brown liquid in around 60 per cent yield

H-NMR (CDCL): 3= 1.92 (s, 6H, Ch), 3.71 (t, 2H, OCH), 4.27 (t, 2H, OCH), 5.27
(t, 1H, OH) ppm.

3.2. Polymer Synthesis

3.2.1. Materials

Copper (I) bromide (CuBr) (Aldrich, 99.999%), anenpamethyldiethylene triamine
(PMDETA) (Aldrich, 99%) were used as received with@urification. The synthesized
initiators (TEG-DI and HEBIB) were used directlyhd solvents; methylene chloride and
methanol were obtained from Merck and used as vedeiXylene (mixture of isomers)

was purified by distillation over Na metal and beplzenone.
3.2.2. Apparatus
H-NMR and *C-NMR spectra were recorded using a Varian Gemio #MHz

spectrometer. GPC analyses were done using a ¥lksd@BPCmax VE-2001Analysis

System. PL Gel 5 pm MIXED-C Column was calibratediast polystyrene standards, T
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values were determined with a TA Instruments d#iftial scanning calorimeter (DSC
Q100). TGA scans were performed under nitrogen fismg a TA Q50 at a heating rate of
10°C/min. All polymer samples were purified by passiviq basic aluminum oxide
columns to remove the copper catalyst followedviny teprecipitations before NMR, GPC,
DSC and TGA analyses.

3.2.3. The Procedure for the Solution ATRP of TBHMA Ether Dimers

All glassware, needles and stirring bagsendried overnight in an oven at 1%ZDand
purged with nitrogen gas before use. All liquid rcieals were purged with nitrogen for at
least 20 minutes prior to use. The polymerizatib@BHMA ether dimers was conducted
in a three-necked round bottom flask using xylemé¢ha solvent. The reaction flask fitted
with a stirring bar was sealed with rubber septa parged with nitrogen for 15 minute.
Then the monomer was dissolved in 7 mL xylene asasterred into the reaction flask by
syringe. The solution was stirred and purged wittogen for 20 min. Then, the solution
was immersed into a preheated oil bath. 2 mL «f Halution was taken via syringe and
added onto CuBr which was sealed with rubber septavial and purged with nitrogen for
15 minute. PMDETA was added to this solution conitaj the CuBr. The resulting
solution was stirred and heated until homogenobass 3olution was then transferred into
the reaction flask by syringe. The initiator wadraduced into the reaction flask by
syringe. Polymerizations were carried out underogin at the proper temperature. The
final polymers were dissolved in methylene chlorédel precipitated into methanol/water

and dried in a vacuum oven overnight.

Monomer conversion was determined by gnatic methods. The determination of
the molar masses and molecular weight distributi@sbeen carried out by size exclusion
chromatography (SEC) with a refractometer detewtih polystyrene (PS) standards.
Characterization of the polymer samples has beeiorpged by proton and carbon NMR

spectroscopy.
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3.2.4. The Procedure for the Purification of the Reulting Polymers

To remove the catalyst, all polymers wessdived in methylene chloride and passed
through a basic aluminum oxide column prepared whén same solvent, collecting the
only fraction that eluted. Polymers were repreaigid into methanol/water and dried in a
vacuum oven overnight. The pure polymers were tlisgan chloroform and analyzed by
GPC and NMR.

3.2.5. ATRP oftert-Butyl a-(Hydroxymethyl)acrylate Ether Dimer with TEG-DI

TBHMA ether dimer (1.35 g, 4.5 mmol) was polymedza 7 mL xylene (0.64 M)
by using CuBr (16.5 mg, 0.115 mmol) and PMDETA (24 0.115 mmol) catalyst system
and TEG-DI (4QuL, 0.15 mmol) initiator according to the given pedcre. The
polymerization was carried out at 8G for 3 hours. The CuBr solution was light green
before transferring into the reaction flask. Thacteon mixture was initially light green and
clear and turned dirty green and deep green-broitim time. The reaction mixture was
homogeneous during the polymerization. The regylgalymer was dissolved with 3 ml
methylene chloride and precipitated into 50 mL raathi and 10 mL water and dried in a
vacuum oven overnight. The obtained polymer wasdijlee, soluble, 0.71 g, in a 53 per
cent yield.

3.2.6. ATRP of TBHMA Ether Dimer with TEG-DI (Alc ohol end group)

TBHMA ether dimer (1.51 g, 5.1 mmol) was polymedza 7 mL xylene (0.73 M)
by using CuBr (7.1 mg, 0.050 mmol) and PMDETA (il1, 0.050 mmol) catalyst system
and TEG-DI (17uL, 0.058 mmol). The polymerization was carried aut80°C for 2.5
hours. The CuBr solution was light green beforadfarring into the reaction flask. The
reaction mixture was initially light green and aleand turned dirty green and deep green-
brown with time. The reaction mixture was homogerseduring the polymerization. At the
second hour and a half of the reaction excess altghol (1g) added by syringe to the
system. The resulting polymer was dissolved withl3nethylene chloride and precipitated
into 50 mL methanol and 10 mL water and dried Wra@auum oven overnight. The obtained
polymer was glasslike, soluble, 0.67 g, in a 45qeett yield.
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3.2.7. ATRP of TBHMA Ether Dimer with TEG-DI (Aci d end group)

TBHMA ether dimer (2.00 g, 6.7 mmol) was polymedza 7 mL xylene (0.96 M)
by using CuBr (30.8 mg, 0.215 mmol) and PMDETA (45 0.215 mmol) catalyst system
and TEG-DI (4QuL, 0.068 mmol). The polymerization was carried aut80°C for 24
hours. The CuBr solution was light green beforadfarring into the reaction flask. The
reaction mixture was initially light green and aleand turned dirty green and deep green-
brown with time. The reaction mixture was homogerseduring the polymerization. At the
second hour of reaction excess 10-undecenoic dgdadded by syringe to the system.
The resulting polymer was dissolved with 3 ml méthg chloride and precipitated into 50
mL methanol and 10 mL water and dried in a vacuwanoovernight. The obtained

polymer was glasslike, soluble, 0.95 g, in a 70qeett yield.

3.2.8. ATRP of TBHMA Ether Dimer with HEBIB (mono hydroxyl end group)

TBHMA ether dimer (2.00 g, 6.7 mmol) was polymedza 7 mL xylene (0.96 M)
by using CuBr (30.8 mg, 0.215 mmol) and PMDETA (45 0.215 mmol) catalyst system
and HEBIB (44mg, 0.208 mmol). The polymerization was carried auZ0°C for 0.5
hours. The CuBr solution was light green beforedfarring into the reaction flask. The
reaction mixture was initially light green and al@ad turned dirty green and deep green-
brown with time. The reaction mixture was homogerseduring the polymerization. The
resulting polymer was dissolved with 3 ml methylehéride and precipitated into 50 mL

methanol and 10 mL water and dried in a vacuum owennight.

3.3.Click Chemistry

3.3.1. Materials

Copper (I) bromide (CuBr) (Aldrich, 99.999%), penethyldiethylene triamine
(PMDETA) (Aldrich, 99%), sodium azide (Merck, 99%)pentynoic acid (Aldrich, 95%)
were used as received without purification. Theveals; tetrahydrofuran (THF),
methylene chloride (DCM) and methanol were obtaifiech Merck,dimethyl formamide
(DMF) from Fluka (99% GC Grad@nd were used as received.
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3.3.2. Apparatus

H-NMR and *C-NMR spectra were recorded using a Varian Gemd0 MHz
spectrometer. GPC analyses were done using a ¥lksd@BPCmax VE-2001Analysis
System. PL Gel 5 pm MIXED-C Column was calibratediast polystyrene standards, T
values were determined with a TA Instruments d#iftial scanning calorimeter (DSC
Q100). TGA scans were performed under nitrogen fisimg a TA Q50 at a heating rate of
10°C/min. All polymer samples were purified by passivig neutral aluminum oxide
columns to remove the copper catalyst followed g eeprecipitations before NMR, GPC,
DSC and TGA analyses.

3.3.3.  The Procedure for thePreparation of Azide End-Functionalized TBHMA

Polymer

The preparation of azide end-functionalized TBHMA pobmwas conducted in a
three-necked round bottom flask using DMF as theesh. The polymer was dissolved in
15 mL DMF. Then sodium azide was added to the wwolutThe reaction mixture was
stirred for 48 h at room temperature. The resultegction mixture was evaporated under
reduced pressure (never to complete dryness) andlttained azide was precipitated into
methanol / HO; this mixture was vacuum filtered and dried imaguum oven (not above
35 °C), over night. Then, the azide functionalized pudy was dissolved in a minimum
amount of THF or DCM and reprecipitated into metildnH,O (5/1) and vacuum filtered

and dried in a vacuum overnight (not abové@h

The characterization of the azide formation haslwaeried out by Infrared (IR). The
determination of the molar masses and moleculaghwelistributions has been carried out
by size exclusion chromatography (SEC) with a mfaeter detector with polystyrene
(PS) standards.

3.3.4. ThePreparation of Azide End-Functionalized TBHMA Polymer
Polymers previously prepared by the procedure destrin section 3.2.5. (1.64 g,

0.209 mmol) were dissolved in 15 mL DMF and 20 fektess of sodium azide added

(0.272 g, 4.18 mmoljo the solution. The reaction mixture was stirred 48 h at room
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temperature. The resulting reaction mixture wagekated under reduced pressure (never
to complete dryness) and the obtained azide waspueed into 150 mL methanol / 30
mL HO; this mixture was vacuum filtered in a buchnerfel and dried in a vacuum oven
(not above 35°C), preferably over night. After that, azide enduped polymer was
dissolved in a minimum amount of THF or DCM andagipéated into 150 mL methanol /
30 mL distilled HO and preferably was vacuum filtered in a buchnanél and dried in a
vacuum oven or after removing the solution drieé macuum oven over night (not above

35°C). The obtained polymer was white powder, solublé,g, in a 85 per cent yield.

3.3.5. The Procedure for the Click Chemistry ofAzide End-Functionalized TBHMA

Polymer

Azide end-functionalized TBHMA polymeprepared by the procedure 3.3.3. was
dissolved in 5 mL DMF and then 4 fold excess ofefgnoic acid, 2 fold excess of
PMDETA, 2 fold excess of CuBr (0.129 g, 0.902 mm8IjnL DMF was added. After that,
three times freeze-thaw cycle is applied to thetrea mixture and the mixture was stirred

at least 24 h at room temperature.

3.3.6. The Procedure for the Purification of the Rsulting Polymers

To remove the catalyst, all polymers werespd through a neutral aluminum oxide
column prepared with THF / methanol (300 mL) sotyewollecting the only fraction that
eluted and evaporated under reduced pressure oMy Demains. Polymers were
reprecipitated into methanol / water and were vatfiliered in a buchner funnel; dried in
a vacuum oven overnight. The pure polymers wersotlied in THF and analyzed by GPC
and NMR.

3.3.7. Click Chemistry of Azide End-Functionalized TBHMA Polymer (Acid end
group)

Azide end-functionalized TBHMA polymearepared by the procedure 3.2.8. (1.72 g,
0.451 mmol) was dissolved in 5 mL DMF and then W fexcess of 4-pentynoic acid
(0.177 g, 1.806 mmoal), 2 fold excess of PMDETA 88InL, 0.902 mmol), 2 fold excess
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of CuBr (0.129 g, 0.902 mmol), again 3 mL DMF wdsled. After that, three times freeze-
thaw cycle is applied to the reaction mixture ame mixture was stirred at 70 h at room

temperature.

The resulting polymer was passed through a neaftahinum oxide column to
remove the catalyst, prepared with 10 THF / 1 math&00 mL) solvent, collecting the
only fraction that eluted and evaporated under gcedupressure only DMF present.
Polymers were reprecipitated into 5 methanol / fewél20 mL) and was vacuum filtered
in a buchner funnel; dried in a vacuum oven ovdrnidhe obtained polymer was white

powder, soluble, 1.4 g, in an 81 per cent yield.

3.4. Chain Extension withisophorone Diisocyanate

3.4.1. Materials

Isophorone diisocyanate (IPDI) (Fluka, 95%), pyrali (Acros, 99+%). The
synthesized polymer samples were purified by pgsgia basic aluminum oxide columns
to remove the copper catalyst followed by two rejmiéations before. The solvents;
methylene chloride and methanol were obtained fkdenck and used as received. Xylene
(mixture of isomers) was purified by distillationer Na metal and benzophenone.

3.4.2. Apparatus

GPC analyses were done using a Viscotek GPCmax OfEAnalysis System. PL
Gel 5 um MIXED-C Column was calibrated against polyene standards.

3.4.3. The Procedure for thePreparation of Chain Extension with IPDI

All glassware, needles and stirring bars were doieernight in an oven at 12C and
purged with nitrogen gas before u$ie preparation of chain extension reaction for M8+
ether dimer derived telechelic dihydroxyl functibpalymers (TBHMA-OH) was conducted in
a round bottom flask using xylene as the solvehe polymer was dissolved in 2 mL xylene

into the reaction flaskThe solution was stirred and purged with nitrogenZ0 min. IPDI
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was added to the solution by syringe. Then, thetswol was immersed into a preheated oil
bath. The catalyst, pyridine was introduced inte tieaction flask by syringe. Chain
extension reactions were carried out under nitrogfethe proper temperature. The final
polymers were dissolved in methylene chloride aretipitated into methanol/water and

dried in a vacuum oven overnight.

Conversion was determined by gravimetric methodi® determination of the molar
masses and molecular weight distributions has besmied out by size exclusion
chromatography (SEC) with a refractometer detewttir polystyrene (PS) standards.

3.4.4. ThePreparation of Chain Extension with IPDI

TBHMA-OH (205.5 mg, 0.037 mmol) chain extensionatean was performed in 2
mL xylene by using IPDI (8.3 mg, 0.037 mmol) andigine (10 mg, 0.13 mmol) catalyst.
The reaction was carried out at 1°for 2 hours. The reaction mixture was homogeneous
during the reaction. The resulting polymer wasaligsd with 3 ml methylene chloride and
precipitated into 50 mL methanol and 10 mL watet dried in a vacuum oven overnight.

The obtained polymer was glasslike, soluble, 0,08 a 99 per cent yield.
3.5. Cross-linking (Curing) Reactions
3.5.1. Cross-linking with Castor Oil Glycidyl Ether
3.5.1.1. Materials
1,4-diazabicyclo[2.2.2]octane (DABCO) (Aldrich, 98% Benzyl trimethyl
ammonium chloride (BTMAC) (Merck, 98%), Castor gilycidyl ether (Castor-E) and
BYK A550 (air release agent) taken from the Rede&@mwup of S.H. Kusefoglu were used

as received without purification. The solvent; nyhe chloride (DCM) were obtained

from Merck and used as received.
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3.5.1.2. Apparatus

TGA scans were performed under nitrogen flow usinfA Q50 at a heating rate of
10°C/min.

3.5.1.3. The Procedure for thé’reparation of Polymer Cross-linking with Castor Oil
Glycidyl Ether in a Sealed Vial

Bifunctional carboxylic acid end group TBHMA polynse(TBHMA-COOH) were
dried under vacuum at around 80D for at least one day. Tri-epoxy functional casiir
derivative (castor-E) was pre-heated in an oil patider nitrogen medium in a sealed vial,
at 70°C for 20 mins. The reactions were performed irghtly sealed vial in a pre-heated
oil bath at 180°C, under nitrogen medium. The Castor-E was weighteda vial and then
the reactive polymer was added on. They were disdain DCM. Immediately, DABCO
was added to the solution and the vial was sealdd>&M was evaporated in a pre-heated
70°C oil bath under nitrogen flow. Then, the vial was in a pre-heated 18C oil bath,
still on-going nitrogen flow. Finally, the vial waepened and cooled to the room
temperature and after an over night period, by temdiof again DCM, the resistance
against DCM was tested. The reaction products weetyzed by Infrared (IR) and TGA
scans were performed under nitrogen flow using aJBA at a heating rate of XWmin.

3.5.1.4. ThePreparation of Polymer Cross-linking with Castor Oil Glycidyl Ether in a
Sealed Vial

Experiment 1 Cross-linking with castor oil glycidyl ether wagserformed with
TBHMA-COOH (151.1 mg, 0.035 mmol) in 4 mL DCM bying Castor-E (26.3 mg,
0.022 mmol) and BTMAC (1-2 crystals) catalyst. Tieaction was carried out at 180
for 3 hours. The resulting polymer was tested foresistance against DCM.

Experiment 2 Cross-linking with castor oil glycidyl ether wagserformed with
TBHMA-COOH (155.3 mg, 0.023 mmol) in 4 mL DCM bying Castor-E (19.9 mg,
0.017 mmol) and DABCO (1-2 crystals) catalyst. Tésaction was carried out at 180D for

3 hours. The resulting polymer was tested fordtsstance against DCM.
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3.5.2. Cross-linking with TGIC
3.5.2.1. Materials

Benzyl trimethyl ammonium chloride (BTMAC) (Merck98%), triglycidyl
isocyanurate (TGIC) taken from the Pulver TermoBetvder Coating, was used as
received without purification. BYK A550 (air releasagent) taken from the Research
Group of S.H. Kusefoglu was used as received withpwrification. The solvent;

methylene chloride (DCM) and methanol were obtaiinech Merck and used as received.
3.5.2.2. Apparatus

TGA scans were performed under nitrogen flow usinbA Q50 at a heating rate of
10°C/min.

3.5.2.3. The Procedure for thé’reparation of Crosslinked Polymerwith TGIC

Bifunctional carboxylic acid end grouped TBHMA poigrs (TBHMA-COOH)
were dried under vacuum at around ®D for at least one day. The reactions were
performed in a tightly sealed vial in a pre-heatédbath at 180°C, under nitrogen
medium. The polymer was weighted into a reactiaskland then TGIC and BTMAC was
added on. They were dissolved in DCM-methanol met$olvent was evaporated under
vacuum to become a viscous homogenized liquid. rEéhetive mixture was poured on a
surface and waited overnight for complete drynésst day, homogenized dry mixture
was placed in a pre-heated oven at@dor one hour. Then, it was placed into a pre¢rat
180°C oven for 2 hours. Finally, and the sample wadembto the room temperature and
after an over night period, by addition of DCM, ttesistance against DCM was tested.
The reaction products were analyzed by Infrared @itd TGA scans (under nitrogen flow
using a TA Q50 at a heating rate of@0min).
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3.5.2.4. ThePreparation of Polymer Cross-linking with TGIC

Cross-linking with TGIC was performed with TBHMA-GIH (150.2 mg, 0.025
mmol) in 5 drops of methanol — 5 mL DCM by usingIT& mg, 0.016 mmol), BYK A550
(1 drop from 14 mg / 6 mL DCM stock solution) andNBAC (1.56 mg, 0.0084 mmol)
catalyst. The reaction was carried out at $80for 2 hours. The resulting polymer was

tested for its resistance against DCM.

3.6. Copolymerization with Acid Terminated Polymers(Undecenoic Acid Derived)

3.6.1. Materials

Copper (I) bromide (CuBr) (Aldrich, 99.999%), anenpamethyldiethylene triamine
(PMDETA) (Aldrich, 99%) were used as received with@urification. The synthesized
initiators (TEG-DI and HEBIB) were used directlyhd solvents; methylene chloride and
methanol were obtained from Merck and used as vedeiXylene (mixture of isomers)

was purified by distillation over Na metal and beplzenone.

3.6.2. Apparatus

GPC analyses were done using a Viscotek GPCmaxO0fEAnalysis System. PL
Gel 5 um MIXED-C Column was calibrated against polyene standards. All polymer
samples were purified by passing via basic alumioxide columns to remove the copper
catalyst followed by two reprecipitations before RMGPC, DSC and TGA analyses.

3.6.3. The Procedure for thePreparation of Copolymerization with Acid Terminated

Polymers

All liquid chemicals were purged with wigen for at least 20 minutes prior to use.
The copolymerization was conducted in a three-neeakeind bottom flask. The solid
macroinitiator acid terminated poly(TBHMA ether dimh was added to a reaction flask
fitted with a stirring bar and which had been sgéahlth rubber septa and purged with

nitrogen for 15 minutes>-BA was added to the reaction flask by syringe. Témulting
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mixture was stirred and degassed until the madraiar dissolved. Then, the solution was
degassed for an additional 20 minutes and immeirgeda preheated oil bath at 8C.
CuBr was put in a separate vial sealed with a rusbptum and 2 mL af-BA was added
to the CuBr and purgedith nitrogen for 20 minutes. PMDETA was addedHhe vial and
the resulting mixture was stirred and heated utitd CuBr dissolved. The resulting
solution was then transferred into the reactioskflay syringe. Polymerization was carried
out under nitrogen at 8 for 6 h. The final polymer was precipitated imethanol/water

(5/1) and dried in a vacuum oven overnight.

The conversion was determined by gravimetrethods. The determination of the
molar masses and molecular weight distributions been carried out by size exclusion
chromatography (SEC) with a refractometer detewttr polystyrene (PS) standards.

3.6.4. ThePreparation of Copolymerization with Acid Terminated Polymers

Acid terminated poly(TBHMA ether dimer) (0.16 g0@7 mmol) was copolymerized
in bulk, n-butyl acrylate (5.34 g, 0.04 mol) by ngi CuBr (10 mg, 0.07 mmol) and
PMDETA (15 puL, 0.072 mmol) catalyst system according to theegiyprocedure. The
polymerization was carried out at 8G for 6 hours. The CuBr solution was light green
before transferring into the reaction flask. Thacteon mixture was initially light green and
clear and turned dirty green and deep green-broitim time. The reaction mixture was
homogeneous during the polymerization. The resmlgalymer was dissolved with 3 ml
methylene chloride and precipitated into 50 mL raathi and 10 mL water and dried in a
vacuum oven overnight. The obtained polymer wasdijle, soluble, 0.77 g, in a 14 per

cent yield.
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4. RESULTS AND DISCUSSION

4.1. Optimization study of Poly(TBHMA)

4.1.1. Synthesis of the TBHMA ether dimers

Extended Baylis-Hillman reaction enables the sysithef TBHMA ether dimers
since its mechanism is a tertiary amine-catalyzmepling of ana,-unsaturated carbonyl
compound with an aldehyde [47] and the mechangsttbway to the TBHMA ether dimer
is shown in Figure 4.1. Here, the addition of theniree catalyst, 1,4-
Diazabicyclo[2.2.2]octane (DABCO), ta,p-unsaturated ester to form a stabilized
nucleophilic anion is the most important step. Téenerated nucleophile attacks to the
aldehyde and TBHMA starts to be produced by thmiahtion of the amine moiety. As the
temperature increases, the conversion of TBHMAdaeether dimer is thermodynamically
favorable. However, this conversion is very sewsitd water. In the formation of TBHMA
ether dimer, water is formed and its presence ekedlre etheric bonds back to TBHMA.

Thus, to achieve higher yields, the removal ofilager must be preferred.
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Figure 4.1. Synthesis of TBHMA ether dimer monomer.
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For the screening of the reaction medium, tayer chromatography (TLC) was used
via silica gel (SiQ plates and CCl, as the elution and dilution solvent. It helped to
screen reaction intermediates and the actual tonehfe reaction completeness. When
reactants disappeared during the reactions, TBHNAI® ether dimer appeared. TBHMA

acetal derivative were also observed as by-products

In the synthesis of TBHMA ether dimer, good purigas obtained when acid
extraction of the crude reaction mixture dissoledCH,CI, was followed by vacuum

distillation. The further purification was carriedt on basic Alox column.

4.1.2. Cyclopolymerization of TBHMA Ether Dimers by ATRP Using TEG-DI

The cyclopolymerization of TBHMA ether dimers by RP using soft block
containing di-initiators were previously succedlsfgiarried out in our research group. The
general cyclopolymerization scheme is shown in Fegu2. Since the target of the project
was to obtain powder coating resins that couldued at low temperatures, thg df the
polymers had to be decreased to about 68280

cyclopolymerization
RO @) OR -

n
ROOC COOR

RHMA ether dimer

Figure 4.2. Cyclopolymerization of RHMA ether dirser

To achieve this, tetra-ethylene glycol was incoaped into the di-initiator structure
as soft block (Figure 4.3). The incorporation wakieved through di-esterification of the

glycol with 2-bromo-2- methylpropionyl bromide.

o) o o)
B% Br 4 HOT > O]\n?OH . B%o{/\/ of~o Br
= n=3

Figure 4.3. Synthesis of initiators using tetraytghe glycol.

Then, cyclopolymerizations were carried out usimg di-initiator (Figure 4.4).
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Figure 4.4. Polymerization of TBHMA ether dimer VA@RP.

Unless stated otherwise all the polymers mentioiredthe coming sections were

synthesized using the soft block containing diadrs.

4.2. Functionalization of Cyclopolymers

Functionalization studies upon end groups wereiedhriout using two main

approaches:

» The first approach was the post functionalizatibmalogen terminated polymers by
using ATRP. For end the functionalization, allyt@hol and undecenoic acid were
reacted with the end groups under ATRP conditiangive alcohol and acid end
groups respectively. This approach leads to endtimmal/crosslinkable polymers.
The reason for using these specific compoundsaistttey both have double bonds
which can be reacted under ATRP conditions butesthese double bonds are not

polymerizable, the reaction should stop after tre¢ &ddition of the double bond.

* The second approach was the synthesis of funt¢tomtgmers using click chemistry.
In this approach, TBHMA ether dimer derived polymerere reacted with sodium
azide and then with 4-pentynoic acid. This apprpachprinciple, should lead to

polymers with cross-linkable end groups, too.
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4.2.1. Synthesis of End functional Polymers via All Alcohol and Undeconoic Acid
Addition

For the end functionalization, hydroxyl and carbaxgcid end groups were targeted
(Figure 4.5). Allyl alcohol and undecenoic acid evethosen for the functionalizations.
Allyl alcohol is the simplest alcohol which has aublle bond in its structure and also it is
the most available and most used alcohol for thé group functionalization '§].
Undecenoic acid is used for the characterizatice @aNMR investigations. It is important

to mention that both compounds react with a radcéldo not lead to polymerization.

O O
ATRP Br _Br
RO © OR CuBr/PMDETA
upr
80 oC ROOC o COOR ROOC COOR

O

or

= (CH,)gCOOH

HOOOH or HOOCOCOOH

Figure 4.5. Representation of end-functional polyeyathesis.

These two reagents were added at 150 minutesiaii@tion. Since the addition of
these reagents stops the polymerizations, theeadesnolecular weight can be obtained.
Both allyl alcohol and undeconoic acid were useéxness amounts for the completeness

of the reactions.

As the Table 4.1 shows, polymers with different esolar weights where acid and
alcohol end group functionalities were targetedesgynthesized. The addition of allyl
alcohol and undecenoic acid were previously reporite the literature, however a
guantitative analysis of the end groups has neeenlrarried out. Thus, we carried out
3IP_.NMR for the determination of the end groups. Tiisel method which has not been
published yet due to its Proprietary Nature (GEb@ldResearch Center has the intellectual
Property Rights) has been tested on reference moy/nwith known end group
concentrations where excellent results were obtia{8ee section 4.2.4. A set of data was

collected from the’P-NMR spectra of the reference polymers which atnsi mono-
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hydroxyl functional polymers obtained by employimag hydroxyl containing initiator

hydroxyl-ethyl bromoisobutyrate (HEBIB)).

Table 4.1Results of poly(TBHMA) polymers with hydroxyl andrboxyl end grougs

Entry| End- [[M]o[l]o[Catl,| Time |ConV| Mica | Mnsec | Mw/My
Group (h) (%) (10° (10°
g/mol) | g/mol)

1 | COOH 31:1:1 2.5 45 4185 3606 1.24
2 | COOH 31:1:1 3 42 3900 3800, 1.20
3 | COOH 31:1:1 3.5 31 2880 3097] 1.22
4 | COOH 32:1:1 2.5 37 3450 3509 1.24
5 | COOH 48:1:1 3 64 8960 5076/ 1.24
6 | COOH 89:1:1 2.5 39 10530 7685  1.25
7 | cOOH 110:1:1 3 36 11520 9632 1.28
8 | COOH 31:1:1 3.5 46 4280 4571  1.238
9 OH 31:1:1 2.5 42 3900 3332 1.2p
10 OH 47:1:1 2.5 a7 6580 5644 | 1.22
11 OH 34:1:1 2.5 60 6050 6371 | 1.26
12 OH 110:1:1 3.5 45 14400 7886  1.26
13 OH 31:1:1 2.5 67 6235 6259 1.2%

 Polymerizations were carried out in xylene af@0The concentrations of monomers in xylene were in
between 0.65-0.97 M.

®Measured by gravimetric methods.

The measured concentrations of both acid and hytlgmaups were much lower than
expected (Table 4.4). In some cases these groups coenpletely absent. The expected
addition of allyl alcohol and undecenoic acid te ttyclopolymer end groups under ATRP
conditions seemed not so efficient. We believe thattertiary bromo-end groups and thus
the generated tertiary radicals seem to be todes{ab energetically too low) to react with
the double bonds of the allyl alcohol or undeceramic. At this point, we also suspected
that the low conversions could be the result @versible termination reactions which are
known to occur at high conversions during the ahisynthesis of the cyclopolymer by the

ATRP process. Therefore, we synthesized a new fspblgmers where the conversions
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were kept low. The analysis of these polymers ®iratfP-NMR showed that keeping the
conversions low did not make any significant chaingdne conversion of the end groups to

the corresponding alcohols or acids.

As a result, we believe that the reactivity of ttestiary end groups of the
cyclopolymers is low to react with the allyl alcétamd undecenoic acid. It is also possible
that in the ATRP conditions, the poisoning of théB€ by allyl alcohol or undecenoic acid
is also responsible for the low efficiency of theneersions, especially in the case of the

carboxylic acid.

4.2.2. Synthesis of End functional Polymers via @k Chemistry

As widely used in the recent literature, click cl&ny was also applied to get
carboxyl end groups on TBHMA ether dimer derivedypwers. Azidation of tertiary
bromide end groups were targeted by using sodiude §43]. After monitoring with IR; 4-
pentynoic acid in the presence of catalyst, Cu(l)Bas reacted to obtain di-carboxyl
TBHMA ether dimer derived polymers (Table 4.2 ariguFe 4.6)."H-NMR (Figure 4.7)
and IR (Figure 4.8 - 4.10) confirmed the qualitatoonversion of the bromo end groups to
acidic end groups. For quantitative analysis ofghd groups, which is very important for
cross-linking reaction$'P-NMR spectra were taken (Figure 4.12).

Table 4.2. Results of poly(TBHMA) polymers with baxyl end groups via click

chemistry
Entry End Mnsec | Mw/Mp
Group (10°
g/mol)

COOH 7309 1.11
COOH 7909 1.08
COOH 11434 1.23
COOH 8503 1.16

Al W N
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Figure 4.6. Representation of end-functional polyeyathesis via click chemistry.

According to the*’P-NMR results (Table 4.4.) with click chemistry tead group
conversion to carboxylic acid was more successfahtthe previous method employed;
however conversions were not high enough to achiggé cross-linking. For click
chemistry, having only used high conversion ATRPwee polymers (over 50%) could
affect the efficiency of the click reactions. THere, similar experiments were carried out
with low conversion polymers, but even employingsi did not improve the results much

in the undecenoic acid case.

As a result it is possible that the low conversidrihe end groups is an outcome of
the low reactivity of the tertiary bromides and tyelic structure which increases the steric
crowding. Although the literature contains examplas click chemistry on tertiary
bromides we believe that this reaction should metvbry efficient on tertiary carbons
where the reaction is expected to follow an;Sdthway rather than SNThe low
concentration of acid end groups as observed by MM also be experimental due to the
interaction of the reagents used in #ffe-NMR with the polymer end groups. We did not
check such interactions yet, therefore, e NMR results of the click chemistry needs to

be studied in details in the future.
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Figure 4.7 H-NMR spectra of the TBHMA ether dimer derived polgr before and after click chemistry.
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Figure 4.8. IR spectrum of the TBHMA ether dimerided polymer before click chemistry.
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Figure 4.10. IR spectrum of the TBHMA ether dimerided polymer after click chemistry.
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4.2.3. Synthesis of End functional Polymers via HEB Initiation

For the mono-end functionalization, hydroxyl endup was targeted (Figure 4.11).
Hydroxyl containing HEBIB initiator was used to rotluce hydroxyl end groups [49].
Here, it is important to mention that as the hygtaroup is on the initiator, high yield of

that functionality is expected in the final polyraéiable 4.3).

Br%‘/ . o) o)
~"0H
N ROOC%O%COOR
o)
0 B
HO™ ™~ -
o RoOOC COOR

0

Figure 4.11. Representation of end-functional paysynthesis by HEBIB initiator.

Table 4.3. Results of poly(TBHMA) polymers with alol eng group by HEBIB initiatér

Entry| End | [M]o[l]o[Catl,| Time | Temp ConV Mncal | Mnsec | MW/Mp
Group hy | °C) | @) | 10 | ¢
g/mol) | g/mol)
1 m-OH 31:1:1 3 80 70 6510 9536 1.49
2 m-OH 31:1:1 2 80 76 7068 9712 1.33
3 m-OH 53:1:1 2 80 70 11200 10003 1.4p
4 m-OH 31:1:1 1 70 80 7440 8186 1.21
5 m-OH 31:1:1 1 60 65 6045 8015 1.30
6 m-OH 31:1:1 0.5 70 65 6045 6885 1.28

#Polymerizations were carried out in xylene. Thecemtrations of monomers in xylene were in 0.97 M.
®Measured by gravimetric methods.
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For the identification of the end groups, initialyd-NMR, **C-NMR and IR

techniques were employed. However, due to the l@kyend group concentrations the

peaks corresponding to the end group carbons apggds could not be detected.

The end groups were finally identified (Table 4ung>'P-NMR techniques*f.

After finding the derivatization procedure, a sét *-NMR data were taken. This

technique does not only help the identificationtioé end groups but also allows the

quantification of the end groups in ppm levels (12thppm). Thus, from the NMR data the

observed OH and COOH concentrations were calculatpgm, and these were compared
with the theoretical values predicted based on @&R@surements. The ratio of these two

measurements gave an idea about the relative civatien of the end groups (Figure 4.12-

4.13).
Table 4.4. Results of'P-NMR study.

Entry | End Group Conv M cal M sec Exp Thed' Yield

(%) (16° | (10° | (ppm) | (ppm) | ppm

g/mol) | g/mol) (%)

1 BR’ 51 5150 | 5790 0 0 0
2 COOH 36 11520 | 9632 25 9344 0.27
3 COOH 30 2790 3097 279 29060 0.96
4 COOH 37 3450 3509 261 25648 1.02
5 COOH 84 4620 3810 617 23622 2.61
6 cooH 64 9390 7838 3922 11483 34.15
7 m-OH’ 63 10080 | 10003 1336 1699 78.63
8 m-OH 65 6045 8015 1864 2121 87.87
9 m-OH 65 6045 6885 2322 2469 94.03
10 m-OH 76 7068 9712 1750 1750 99.96
11 OH 46 7360 5644 164 5689 2.89
12 OH 55 6235 | 6235 567 2727 20.78

2 ppm by weight’ATRP without end group modificatiofi.End group modification via undecenoic acid

addition. ® End group modification via click chemistr§. ATRP using HEBIB initiator." End group

modification via allyl alcohol addition.
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Entries 7-10 correspond to the polymers synthddixethe monohydroxyl containing
initiators. As can be seen from Table 4.4 the NMBuits correlate well to the expected
values. Deviation from the theoretical value (100%jay be an indication of
transesterification reactions due to the hydroxyd groups. These results served as proof
for the validity of the’’P-NMR technique that has been used later for thetification and
quantification of acid and hydroxyl end groups. dad, as expected, with the bromo

terminated polymer (entry 1) no acid or alcoholdiionality was observed in the NMR.
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A) P-NMR of the =COOH containing cyclopolymer byd@cenoic acid
g o
B) P-NMR of the -COOH containing cyclopolymer bicklchemistry
,j"rl,,,, L . B . B . I . : Jl'
C) P-NMR of the =COOH containing cyclopolymer bicklchemistry
J yi
o . | | | A

Figure 4.123'P-NMR Results of the — COOH end functionalized egolymers.



A) P-NMR of the —OH containing cyclopolymer by allytahol
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C) P-NMR of the —OH containing cyclopolymer by HEBItiator

Figure 4.13*'P-NMR Results of the —OH end functionalized cyclgpeers
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4.5. End Group Reactivity

In this section chain extension reactions and gurigactions were carried out to
investigate the reactivity of the end-groups. It important to mention that these
experiments were carried out before tHB-NMR technique became available to our
research group. Therefore, the reactions thatheilpresented in this section were mostly
carried out to show the presence or the absentteedfydroxyl or acid end groups. Unless
stated otherwise, the experiments were carriednitht allyl alcohol and undecenoic acid

added cyclopolymers.

4.6. Chain Extension Reactions with IPDI

To prove the presence of the alcohol modified emaigs, chain extension reactions
with difunctional isophorone diisocynate (IPDI) weperformed (Figure 4.14). It was
expected that if the polymers were functionalizatlyfat their end groups, the reaction

with IPDI would result in a considerable increasenolecular weight.

o]
0
- 0 -R
OQ\N)é\N//C// HOOOH 110°c HO \O"[< jé\NkO/R\OH
+ H

pyridine, in xylene H

Figure 4.14. Representation of chain extensionti@macwith IPDI.

When the extension reactions were carried out, oslight increases in molecular
weights were observed (Table 4.5). The stagnatibrthe molecular weights can be
explained by the absence of the reactive end grdauyusthis the can also be the result of
the unoptimized reactions conditions, since evethéf reactions were performed under
nitrogen, any water present in the reaction medaould result in the the loss of the
isocyanate functionality which would make the cheaxtension reactions impossible. In
addition, it is known that; tertiary amines are tio¢ best catalysts for these reactions, for
example, dibutylin dilauryl mercaptide derivativea® better catalysts than tertiarty amines
[50].
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Table 4.5. Results of chain extension reactionk VADFP

Entry | Group | Mn,seqg Time | Temp. | Conv | Group | Mn,seci Mw/Mn | A Mn
(10° (h) (°c) % (10°
g/mol) g/mol)

OH’ 5200 11 100 ~99 OH 6343 1.20 1143

OH 5462 11 100 ~99 OH 6291 1.21 829

OH 5931 2 110 | ~99 OH 7385 1.21| 1454

Al W N

PEG 2720 1.3 110 ~99 OH 3432 1.34 712

2 |PDI and the synthesized polymers were used inmoalar ratio based on end group concentrati8ns
13.16x10° mol (end groups)7.52x10°> mol ¢ 13.64x10° mol *PEG-3000

4.5. Cross-linking (Curing) Reactions

4.5.1. Cross-linking with Castor Oil Glycidyl Ether

In order to get a cross-linked network, tri-functd castor oil glycidyl ether (castor-

E) was also used as a cross-linker (Figure 4.15).

Experiments showed that with castor-E, curing tieast occurred at higher
temperatures than the targeted values (120 -°C30The cross-linked material did not
dissolve in organic solvents which showed that stoking was efficient. However, the

cross-linked material was very brittle (Table 4.6).

(¢]

(e]

o OH
O/\</ . O/\[
—O = B v (o] Ro
COOH
g Y
o o
o OH
o/\</ o
| HOOC COOH | o P
© = o \\< R~—COOH
———————- o
o 180 °C o
DABCO
o
SARY
o

(@]

OH
o/\E
L OW R — COOH

Figure 4.15. Representation of cross-linking wplmadized castor oil
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Table 4.6. Results of. cross-linking with castdrgbycidyl ether®

Entry | Group | Time| Temperature| Resistance to
(h) (°C) DCM

1 COOW 3 160 Not Resistant
2 COOH | 0.5 180 Not Resistant
3 Blank 0.5 180 Not Resistant
4 COOH 1 180 Not Resistant
5 COOH 3 180 Resistant

6 COOH 2 180 Partially

7 Blank 3 180 Not Resistant

& In calculations, the Castor oil glycidyl ether epdumnctionality was taken as 3.5 and molecular
weight was taken as 1200 g/mol (Later, it was foountthat the epoxy functionality is 1.2) TBHMA

polymers were used 0.9 equivalent w.r.t. gycidiee? 4.66 x10° mol. ¢ 8 x10° mol.® 7.76 x10° mol. ® 7.60
x10° mol." 6.66 x10° mol.

The TGA analysis of TBHMA derived polymers showedimitial weight loss at 189
°C which corresponds to the degradation of esteniatyl groups to carboxylic acids by a
heat induced process. The formation of carboxyid &unctionality by such a process may
be the reason why curing, as observed by the dijukest, was observed with these
samples. Actually the isothermal analysis of theHMB&\ cyclopolymers in TGA for 30
min at 180°C showed that some degradation occurred even atutirg temperature
(Figure 4.17).

4.5.2. Cross-linking with TGIC

To achieve successful powder coating, TGIC was (Begure 4.16). TGIC is the
number one choice of industry as a cross-linkeh atid functional polymers. The mixing
of the cyclopolymer, TGIC and the catalyst, benizithethyl ammonium chlorideyas
achieved with the addition of methanol to the syst®lethanol was then evaporated prior
to the curing. The curing did not give good solvesgistance, it is at his point that we
became suspecious about the presence of the atgremps (Table 4.7).
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Figure 4.16. Representation of Cross-linking witBIT
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After these results we became interested to a netkiod for synthesizing telechelic
polymers: the click chemistry. Thus as mentionedvabpolymers with the expected
carboxylic and groups were synthesized. Preliminasults from the curing reactions
showed good solvent resistance even though, thetgesf *'P-NMR state that the end
group modification via click chemistry was not gtitative. Here, having tertiary living

end groups probably limits the efficiency of theklchemistry.

Table 4.7. Results of. cross-linking with TGIC

Entry Group Time Temperature | Resistance to
(h) (°C) DCM
1 COOH 1 180 Not Resistant
2 COOH 15 180 Not Resistant
3 COOH! 2 180 Resistant
4 COOH' 2 180 Resistant

& TGIC has triepoxy groups and TBHMA derived polymbave difunctionality. Equimolar acid and epoxy
end groups were react®®.32x10° mol (end groups).7.96 x10° mol. ¢ 5.02 x10° mol. ©3.82 x10° mol.

Synthesized via click chemistry.

4.6. Copolymerization with Acid Terminated Polymes (Undecenoic Acid Derived)

To ensure that the low addition of undecenoic &ithe bromo ends of the polymers,
copolymerization reactions were performed. The ated undecenoic acid terminated
TBHMA ether dimer derived polymers were used asrmadtiators. We believed that If

the molecular weight would shift to the higher \edun a controlled manner then it would
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be obvious that living end groups, in this casévatéd bromo end groups, should still be
present. As suspected the copolymers had verywaralecular weight distributions, and
in the GPC traces, the peaks corresponding to @neoimitiators were completely absent
indicating that almost all the polymer end groupsrevbromo terminated and not acid
terminated (Table 4.8).

T

Retention volume (mL)

Figure 4.17. Overlay of GPC traces - macroinitiaiod block copolymer

Table 4.8. Results of. Copolymerization

Entry | Group | Ppm % | Macroinitiator Block Copolymer
Mn.sec | MW/My, | Mononer| Time Mnsec | Mw/My
(10° ) (10°
g/mol) g/mol)

1 COOH 1.02 3509 1.24f n-BA 6 48534 | 1.26

2 COOH 0.27 9632 1.28 n-BA 6 48922 | 1.22

%The presence of the end groups determinettNMR.

Therefore, this result supports our thoughts inidleefficiency of the addition

reactions.



Sample: ER024
Size: 11.1260 mg

File: C\TA\Data\TGA\ERHAN\ER024.001

TGA Operator: CUNEYT
Run Date: 01-Aug-07 13:28

Instrument: TGA Q50 V6.1 Build 181
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Figure 4.18. TGA analysis of undecenoic acid defipelymer.
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5. CONCLUSION

The potential of cyclopolymers derived from the ATRyclopolymerization of
TBHMA ether dimer was investigated for powder cogsi. Post-polymerization techniques
were employed to get desired reactive end groupshi® powder coating applications.
Allyl alcohol and undecenoic acid were used unterATRP conditions according to the
recent the literature to get telechelic polymerghwaicohol and carboxylic acid end groups,
respectively. Our experiments show that the additiballyl alcohol and undecenoic acid
was not an efficient way to get these telechelilyipers. At least, in our case, generated
end groups with bromine were tertiary and also @éiad. The radicals that formed at the
both ends were relatively stable to react with dioeble bonds of the allyl alcohol and
undecenoic acid. The low conversions of the endiggsdo alcohol and acid functionality
was shown by both crosslinking afffP-NMR data. In addition, when modified polymers
generated by the addition of the allyl alcohol amalecenoic acid were used as ATRP
macro Iinitiators they copolymerized perfectly, whishowed that these end groups still
served as initiators. These results prove thattlyk alcohol or undecenoic acid addition
was not efficient since the addition of these stiodsult in polymers with dead end

groups.

To increase the efficiency of the end group modifan, click chemistry and HEBIB
initiator was used. The click chemistry derivedypoérs have promising results but not
satisfactory and HEBIB initiated polymers have tesstrom good to perfect but give rise

to polymers with monofunctional end groups.

To achieve satisfactory cross-linking reactionsther investigation on click

chemistry and its optimum reaction medium studiestbe done.
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6. PERSPECTIVE

Several experiments can be carried out to get futhgtionalized en groups. First and
the most significant way could be generation oboséary bromine end groups by adding
small amount of acrylate monomers at the end of RTIdgclopolymerization. Then, the
addition of allyl alcohol, undecenoic acid or ttmda could be easier. As a second method,
a co-monomer at the end of ATRP (or as a post-pafigation reagent) such as maleic
anhydride can be employed . A Third method carhbeause of HEBIB derived polymers in
combination with click chemistry but then, thgaljustment must be done, since polymers
with higher Tyresults in the formation of a brittle network. Teeocome this problem, for
instance, using long alkyl groups in place of estebutyl groups may decrease thgt®
the desired interval (60 — 8C).
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