CHAPTER I1I

THEORY AND LITERATURE REVIEW

2.1 Solder mask [1,2]
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Solder masks provide a coati
specific areas of a printed et | from  the " ac! ion of an etching,
soldering, or plating. Moreo { mhask .' vg, \ ng, which masks off printed
circuit board surface and prevent \ older during vapor
phase or wave soldering processing older mask is to restrict
the molten solder pick up or flow 0 he printed circuit board, holes,
pads and conductor lines. | /

2.1.1 Classification of soﬂr mask m

The solder masﬂ le’Jarqenb%J I;] ? “EJ.;] ﬂoiategones ie.
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screen printed onto a printed circuit board. Once printed, using either thermal or UV
light cures the solder mask. After the mask is cured, it acts as a solder resist,

selectively protecting the circuit during component soldering.



A distinction is made between permanent and temporary solder mask

1. Permanent solder mask [2]
Permanent solder mask compositions, which consist of tri-or poly-functional
monomers, are highly cross-linked. This cross-linking prevents permanent solder

masks from being soluble in organic solvents or water. Permanent solder mask is not

made to be removed after curing. It i integral part of PCB, which

continually protected PCB from envirc )osive, heat, humidity and

o

solder mask can be removed ﬁomaghéwby’ g

circuit board to protect certa holes or feature ector fingers from

accepting solder. EJJ u ﬂ‘fjl VI ﬂ W %JW ﬂ ’] ﬂ ‘j
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The general temporary solder mask composition may comprise the following

ingredients in the percentages indicated in table 2.1



Table 2.1 General composition of temporary solder mask

Ingredient Effective % by weight
Reactive diluent monomer 50-90
Thickener 1-15
Anti-oxidant 0.01-2

Initiator

The thickeners in thé @bo . _7 iti nclude silicon dioxide,
carboxymethyl cellulose, ~carboxyeth . hum gum, acacia gum and
attapulgite clay etc

The anti-oxidant ¢ e above co nclide napthoquinone,

benzoquinone, alkyl or aryl-substltuted napthoqumones and alkyl or aryl-substituted

— ﬂuﬂ ANYNINYINT

The initiator is a free radical source I polymerization of the compesition such
as benzophe%uﬁ :Jicﬁnm,j2mmggnﬂ;]e@nﬂ benzoyl
peroxide, dicumyl peroxide and azobisisobutyronitrile etc.

Moreover, the above composition may be filled with releasing agent,
plasticizer or oligomer to modify the properties of solder mask; such as easy and
residue-free peelability, very high elasticity and tear resistance or very high

temperature stability etc.



2.2 Reactive diluent monomer [3]

Most current coatings use acrylated reactants because, acrylate cure more
rapidly at room temperature and they are also less prone to oxygen inhibition. In
general, the acrylate monomers range from mono-to hexafunctional, most commonly

mixtures of mono-, di-, and trifunctional acrylates. The monomers are also called

L,

“reactive diluents”. Many multifunctio rs have been used; examples

are trimethylolpropane triacﬁhntwyﬂ@cry]ate, 1,6-hexanediol
f |

Wd in handling them

¢ of monofunctional

diacrylate, and tripropylenegico

because many are skin irrit

i
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N-vinyl ﬂ,ﬁh’;l@ m;ﬁ m@l 1@3 'lw,ﬂ mcﬁ one  was

developed in Germany at the beginning of World War II. The principal use of N-vinyl

pvrrolidone is as a monomer for the preparation of Poly (N-vinyl pyrrolidone)(PVP)
homopolymer and various copolymers. The poly (N-vinyl pyrrolidone) is used in
cosmetic formulations, especially hair lacquers because poly (N-vinyl pyrrolidone) is

the preferred film-former on account of good adhesion to hair, which is removed by



washing. Moreover, this polymer is used as a binder in pharmaceutical tablets and in

the textile industry. The N-vinyl pyrrolidone is prepared from 1,4- butanediol as in the

following diagram 2.1.

..H2
HO-(CH,),-OH —=

ﬁH=CH2
NH ; \C=
*_—__>.
300°C
N-vinyl pyrrolidone

2.2.1.1 Properties of N+vi

J
N-vinyl pyrrolidﬁ w ﬁf?g ﬂlﬁﬁ%ﬂﬂ\ G?rﬂ d free radical

catalysis and yield staﬂe polymers with @ variety of ﬂ)lecular weights, ihey also
readily copob%rﬁ &a&g&&mum&&x eﬂaeatigr value,

eg. vinyl acetate, r = -0.22 and with positive value, eg. methylmethacrylate, r = 0.40.

The physical properties of N-vinyl pyrrolidone are shown in table 2.2.



Table 2.2 Properties of N-vinyl pyrrolidone [5]

Properties Value
Freezing point, °C 135
Boiling point, °Cxpa 4601333

Density, g/em’ at 25 °C

Refractive index

Viscosity at 25°C, V

Flash point, open ¢

Firepoint, °C
o "# | | . 0
The glass-transition-temperature of peiy {IN-vin olidone) is 175 “C. The
= '-":*.3“ Z r '
melt viscosity is too high for tyr tic for atjon. Film of Poly

(N-vinyl pyrrolidone) are clear,

122 il RIS 1211715
Vinyl %ﬂe:s] @eﬂmcmt&udﬂﬁ m&iﬂed inert

unless certain functional groups are purposely added to the polymer chain for eventual
crosslinking. They exhibit good resistance to hydrolysis and ultraviolet degradation.
Other important properties usually associatéd with thermoplastic methacrylics are:

1) Transparent water-clear film appearance

2) Low pigment reactivity
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3) Compatibility with other film formers
4) Chemical and water resistance

5) Resistance to ghemical fumes

Figure 2.1 The structure ofk

Table 2.3 The general physi¢s yl methacrylate

Properties

Molecular weight ;f

Boiling point, °C U 205209

e AN 2k} (e
AT NW T ITTETA
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2.3 Compounding Ingredients
2.3.1 Acrylic Polymers

The ranges of acrylic and methacrylic polymers are based upon monomers of

~ acrylic acid CH;=CH-COOH and methacrylic acid.

| ﬁ\ll//

These are easily polymerized er commoners because

of their highly reactive doubleg#boxn \\ oxl-soluble and water-

soluble monomers Polymerizati \ oulk, solution, suspension or

[1
emulsion techniques using a vari ﬁ

?i':__ ,
The general formula for an ag ﬁ%@ o
i

ofe, e

¥

3
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aryl radical, and n= dggree of polymerization [8]

Acrylic ﬂbﬁﬂt@ bﬁ»ﬁﬁ mﬂu W;] %%&lfe]das Elmmemlal

products in the 1930s. The three principal forms of acrylic polymer used in surface
coatings are:

a) Thermoplastic dispersion, that is acrylic latex,

b) Thermoplastic solution

c¢) Thermosetting solution
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Acrylic polymers are used for applying adhesives, coating, and inks. The use of
acrylic polymers for both emulsion and solution coatings which consider to follow

Table 2.4

Table 2.4 Glass transition temperature versus application area [9]

Glass-transition (Ty) °C ug es&tion area

80-100

50-65

35-50

10-40

25-35

-60-25

AUYININTNYINT

Properties and using
ARININTUNRIINAE
- . : .

Acrylic polymer is generally considered inert unless the functional groups are
purposely added to the polymer chain of eventual cross-linking. They exhibit good
resistance to hydrolysis and ultraviolet degradation, which accounts for their
outstanding exterior durability. Other important properties usually associated with

thermoplastic acrylics are:
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-Transparent water-clear film formers
-Low pigment reactivity
-Compatibility with other film formers
-Chemical and water resistance

-Resistance to chemical fumes

2.3.2 Poly(vinyl Alcohol)

The Du Pont Comp 7 jally introduced-pc yvinyl alcohol, first
synthesized in Germany in 1925, nife ates § hemically, polyvinyl
alcohol can be classified broa : | it
groups on alternate carbon atoms. ¢ 3l vinyl alcohol resin a multistep
process is used since vinyl algoh Hogont -existent entity, rapidly
rearranging itself to acetaldehyde 7
acetate resin from vinyl acetate snomer, and. ith the alcoholysis of the
polyvinyl acetate to polyvinylaleohol.

These reactions are illustrateda follows:

(|:H=CH2 Heat ﬂ 1{ EJ m mCHz
0COCH;

OCOCH Catalyst

AW iR U917 Eﬂ aE:

Properties of polyvinyl alcohol, both completely and partially alcoholized
polyvinyl alcohols have many characteristics in common which make the polymer

valuable to a number of industries. This poly(vinyl alcohol) is used two types (PVA)
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(GH-17) and PVA (GL-5)) in this research, which has physical properties in Table 2.5

and Table 2.6

Table 2.5 Physical properties of poly(vinyl alcohol) (GL-05)

Properties Value

Appearance @olorless crystalline

Viscosity (4% aqueous soluii 4-10 cps

pH (10% aqueous solutio 4-7

% Loss on drying 0 max
Hydrolysis (%mol) » NN 87-89
Solubility w4 ‘ Water or Hot water

Table 2.6 Physical properties.¢

—

‘v'

s

Properticm

AUEAMENINEINS

Appearance | ¢ H.Clear crystallin&,
v ARAGARIR AN T VR &
pH (10% aqueous solution) 5-7

% Loss on drying 5.0 max

Hydrolysis (%mol) 87-89




Film formation, poly(vinyl alcohol) generally is dissolved in water prior to
use, its film-forming abilities are of extreme importance in most applications.
Polyvinyl alcohol films and coatings do not require a curing cycle, film formation
occurring readily by simple evaporation of water from the solution. When compared
with plastics, the tensile strength of polyvinyl alcohol is high and when compared

with other water-soluble materials, it is very impressive. The tensile strength of

polyvinyl alcohol varies with a number of % Wludmg percent hydrolysis, which

tensile strength values increase as @ hydr rease.

2.3.3 White pigments and

Pigments may be added to & coati g"in@.r 3

By TRpy

15

iption of types and other

ailable for coating work is

7inc dioxide

Talc

Titanium dioxide

Calcium carbonate

20

30

40

transparent
Opaque
Transparent

Transparent

qm Special Particle
Resistance | Properties | Size (nm)
NOLN 01l
| U | m mot acid
Good Good resistant 0.3-0.4
Good Good _ 0.2-0.3
Good Good '
Good Good - 0.3-1.0
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Calcium carbonates
In this group of fillers are included the various whiting, chalks and limestone. All

are very cheap and all give poor quality products with a marked tendency to

discoloration.

Zinc oxide

The general properties of Zinc

ﬂ/lhlte of medium opacity, strong

UV absorber, neutralizes acidic e ground particle size. It is

used as white extender in ti ystems. It improves flow

and leveling.
& “' =
! m“li
Lo e A
Titanium dioxide ‘M:l_g 7y
Titanium dioxide is opaque w fﬂ-g property of Titanium dioxide is

resistant to everything; very li ast and he t is provided two major

grades, i.e. Rutile .!f a Atz J» and Anatase (less
opaque, more stable exceptﬁ tint, softer text;re)[IO] m

It is used for cxﬁ%ﬁﬂ%m WW and some

9 mmn‘im NAINEEY

(AL SiorZn)O 0-20%



17

Table 2.8 Typical properties [11]

Anatase Rutile
Pigment Form - Brilliant white Powders
Density (g/cm’) 3.8-4.1 3.9-4.2
Refractive index 20 2.76
Oil absorption (1b/1001b) 16.48

Particle size (um) = 0.3 e 0.2-0.3

The rutile has greater dems sfractive index than the

anatase.
' 1 J-J:' 3 | v .

Although the rutile is more expensive L ) prod owever the rutile is generally

preferred for the pigmentatie vhich my be exposed

to sunlight. v

E
23, 4Tmckenmﬂgutﬂ\ 1] Y EJ 'ﬂj NEIN?
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hydrocolloids. They are soluble in water to give viscous solutions. Many of these
substances occur naturally as the products of animal or plant metabolism, or are

derivatives of such products. A few synthetic substances have become available in

recent years.
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Considered as a group, the substances under review here find their principal
application in latex technology as modifiers of bulk flow behavior. They are often
referred to vaguely as thickeners. The substances are also functioned as dispersion and
emulsion stabilizers, and in this respect they are often referred to as profective
colloids. While they are sometimes added to disperse systems in order to enhance the

colloid stability, it is important to realize that it is not possible to separate the effects

upon flow behavior from the effects u@#’///

source.

i}

Each cellulose molecule-tnay therefore contain betweenﬂbout 1,300 and 5,000

glucose urits. [12] ﬂuﬂ‘jﬂﬂﬂ{?ﬂﬂqﬂj

Carboxyalkyl ethiers The only nnporaant members of this group are the sodium
s of carvobribid Ghie | COIKIL R LI ETE~Y T
salt of chloroacetlc acid and sodium cellulose. While the free acids (which are
moderately strong) are not very soluble in water, the sodium salts are. The latter do
not precipitate from solution upon heating. Acids and heavy metal ions are not greatly
affected, although the precise effects depend to some extent upon the chain length and

upon the degree of substitution.
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Al the cellulose ethers are very stable and may be stored for long periods without

change. They are somewhat hygroscopic in damp atmospheres. Their aqueous
solutions are very much less prone to attack by microorganisms than are the solutions
of gums, starches, proteins and alginates. However, it is wise to include a
preservative if maintenance of viscosity is desired over long periods.

Carboxyvinyl polymers or Carbopol is crosslinked carboxyvinyl polymer, which
*Wl w viscosity acidic dispersion.
‘,lo X&i long chain fatty amines or

high viscosity.

suddenly disperse in water (polymer latex)

When it is filled with suitable

-

sodium hydroxide, potassium h; ' it will be g

The thickening of polyme required. for a wide variety of

applications. Water-soluble po polymers are effective
latex thickeners. With any giv kening of the latex is
increased with increased molec which indicates some
support for the requirement of phase. This variability of
thickening action is typicatljnd may g’% ious latex compositions,

particularly the nature of t er. The

ven more complex

with compounded latex fomﬂations in which the thickener nm' also react with clay,

N—— mﬂdﬁﬁﬁv% NINYINT

Figure 2.2 The arrangement of carbopol after fill hydroxide
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Xanthan gum

Xanthan gum is a water-soluble gum, which, in a purified state, is designated
as cellulose gum. Many applications of cellulose gum follow the pattern set by
naturally occurring vegetable gums. Xanthan gum is Thickening and stabilizing
hydrocolloid (MW = 2,500,000) giving aqueous solution of high viscosity and high

%/mperature Pseudoplastic non-

_g agent for multiphase

yield value even at low concentratio
thixotropic behavior. Effective

systems: aqueous suspensions,

Table 2.9 General physicalfr

Property " '_ A

i

Appearance 4 . 3‘}",‘ ed fine

PH(1% aqueous ﬂnﬂ)ﬂ\ ‘]] eI 5 w HI1?

% Loss on Drying |
Viscosity(‘ﬂ‘omenﬁlﬂiﬁ(;" u W’I(Q m zplr] a El
Particle size distribution 95% minimum through

175pm
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2.3.5 Thermal initiator

Polymerizations initiated in radical polymerization are often referred to as
thermal initiated or thermal catalyzed polymerizations. The number of different types
of compounds that can be used as thermal initiators is rather limited. One is usually

limited to compounds with bond dissociation energies in the range 100-170 KJ/mole.

bonds possess the desired ran i iergies:Eh examples of thermal
initiator are peroxy compounds )y sﬁ\{: 1 peroxides, cumyl

O—==0

HiC

AULINENTNEINT
e HLOSNAR HALANHNAE

Moreover, the azo compound, 2,2-azobisisobutyronitrile (AIBN), is the most

important member of this class of initiators.



Hs CH, Hs
H,C——C——N=—=N——-C——CHj + N,
Hs Ghg Hs
Figure 2.4 The decomposition of 2,2 azo T;obutyromtnle (AIBN)

Table 2.10 Half-life of Initiat

——
I8
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77/ AR

Benzoyl peroxide

t-Butyl peracetate
Cumyl peroxide

t-Butyl peroxide

) 0, - S 0, 0 0 0
Initiator 50°C |60 I/, ?\\\‘\\‘\i‘ 5°C [ 130°C | 145°C | 155°C
Azobisisobutyronitrile | 74hr r ﬁ IE
4 Jhr
ALY
Acetyl peroxide 158hr
Lauryl peroxide 47.The
18min
1.7hr | 16.8hr
ﬂ 6.4hr | 1.38hr
U
44 .9hr

t-Butyl hydroperqq'iw
4

d
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2.3.6 Inhibitors

The most useful class of inhibitors are molecules that react with chain radicals
to yield radicals of low reactivity. Quinones such as benzoquinone and chloranil
(2,3,5,6-tetrachlorobenzoquinone) are an important class of inhibitor. Two major
types of products are obtained quinone and ether formed by reaction at the C and O

’W/aﬁng radical at oxygen, which

can terminate by coupling and/o oporti other propagating radical
——

atoms of a quinone, respectively. A

solder mask which included

-Photoinitiator
-Antioxidant w i
-Reactive diluent monoxﬂr capable of polymerization,

e G415 NN TNEINT

Solder maskqn this work doesgnot use any_.s solvent, there they have
miimat Bl an Vb Gt Tt m&l@aﬂ —
removed ﬁ'om the surface to be protected by either dissolving this temporary

solder mask in an aqueous non-alkaline solution, an organic solvent or peeling the

mask off of the protected surface.
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T. Matynia, R. Kutyla, K. Bukat and B. Prenkowska [16] studied the

properties of solder masks which prepared from epoxyacrylic, epoxymethacrylic ester,
and monomers such as 2-ethylhexyl acrylate, triethylene glycol dimethacrylate, and
triethylene glycol phthalate dimethacrylate. This Solder mask is hardenable by
ultraviolet radiation. They investigated suitable parameters characterizing the solder

mask such as viscosity, adhesion to the surface, thermal resistance and the

concentration of the UV polymerization @h{s“’e”}‘
In the case of masks based e&crylate@s in which the mixture of

“— E———

2-ethylhexyl acrylate and triet in crosslinking, the

24 g “"ﬂ -

K.F. Drain, R. Sunﬂers and fA.“Nale ﬁle

method for providing radiati mpora mask of electrical and

st

composition and

. !
electronic components compatlble with a hlgh-speed produ!célon operation. The

composition is a radlﬂ%%ﬂlé}%ﬂlqw ﬁ Wﬁﬁ such as acrylic

monomers, unsaturate}| polyesters, thiol-ene formulatiops, and fonnulag_g’,ns base on
other vinyl maomflﬁ ﬁ m@mmrllg mtﬂ m tc. The
cured composition of these monomers have sufficient cohesion strength to allow to be
stripped off in a single piece. Vinyl stearate monomer or high levels of plasticizer or
filler, such as a fumed silica, were used to reduce the adhesion of the cured
composition to the substrate by suitable adhesion in the tensile shear mode between

5-55 psi. This level of adhesion is sufficient to prevent ingress the wave soldering or
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vapor phase soldering i.e. immersion in molten solder at 525°F in approximately

10-30 seconds but low enough to allow easy dry stripping mechanically or by hand.

T. Maeda, Y. Sasagawa, Y. Ikeda and T. Hiraharu [18] studied water-based
maskant composition comprising of 100 parts by weight (as solids) of a latex

constituent consisting of (a) 5-60 parts by weight (as solids) of copolymer latex

obtained by emulsion-polymerization of ﬂw ure consisting of 30-70% by

weight of an aliphatic conjugated @po&nd aby weight of an aromatic

TE—— W A TEaaee———

vinyl compound, 0-10% by weight O et

carboxylic acid and

magnesium hydroxide, etc. The £o r’; i 0 parts by weight, per

The thickener includes

-t .-"""""g.'”J w

carboxymethylcellulose, poﬂmyl alcohol; and Cre - acrylic emulsion.

The amount of the thickenerised is 0.1-10 parts referably 1-3 parts by

il

weight per 100 parts by wei (as solids) of the latex consthILnt Tensile strength

and elongation of a ﬁﬁ %ﬁi?wﬁ%ﬂtweﬂﬁﬂ aﬁﬁcm and 100-

800%, respectively

M.A. Khan, K.M. Idriss, M.M. Zaman, and M.A. Hossain [19] studied ultraviolet
curable leather surface coating material including urethane oligomer, reactive diluent
such as N-vinyl pyrrolidone, butanediol diacrylate, tripropylene glycol diacrylate and
trimethylolpropane triacrylate, photoinitiator (Irgacure 184). Their properties were

characterized. The effect of codiluents of low glass transition temperatures like ethyl
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hexyl acrylate and methoxyethyl acrylate on the properties of these films was studied.
These formulations were then applied as thin coatings on the leather surface in order
to study the improvement of the leather substrate, which increased tensile strength and
elongation of the leather. The formulations comprised of 60 % oligomer, 5%

photoinitiator, 17 % diluent’s monomer and 18 %w/w codiluent monomer.

Y. Chin Lai [20] studied the effect i //‘\ photocopolymerization of N-

that crosslinkers with a

vinyl carbonate group can co e Wi lm slidone better than those

_

methacrylate group. A crossli Vinyl-cart A d a methacrylate group

containing an allyl group, whi those containing a

can copolymerize with N-vinyl ’ methacrylate better in

ﬂuEJVJVlEJ‘V]iWEJ\’lﬂi
QW’]Mﬂ‘iﬂJ AN Y
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