CHAPTER IV

RESULTSA D DISCUSSION
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In this study, the temporary solder
compound using the radica .5 yTefizatios m :"’?» d.vinyl monomer. The
property was adjusted by add was adjusted by a
thickening agent.

The goals of this resedrc he ap \. priate condition for the
preparation of the temporary soldér nia by ! ing the concentration of vinyl
monomer, initiator, releasing agent,_ oment, | a hickening agents which have
sufficiently cured cohesive 4_._ ;;,_...;;:_; ------- ’ ed materials to be
peeled off in on piece. Secoy, anical a)perties of the solder

masks would be mvesﬁated ¢ a
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The temporary solder masks of this study were prepared from the thermal
polymerization of vinyl monomer which was carried out in order to evaluate the effect
of temperature vinyl monomer, initiator, polymer, thickening agent, releasing agent,

inhibitor,  pigment, ammonium hydroxide concentrations. The N-vinyl
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(NVP) and hydroxypropyl methacrylate (HPMA) were polymerized by radical
initiator (2,2-azo-(bis)-isobutyronitrile (AIBN)), in situ. The physical properties of

film were adjusted by thickening agent (carbopol T-45), pigment (TiO»), polymer

(acrylic polymer UT-50) and releasing agent (silicone oil 350s).

4.2 The properties of commercial temporary solder mask

The purpose of this investig

properties of commercial

in the development of the

l//

tom

mechamcal and physical

i be used as a guideline

Property Viscosity. | {ardness Thermal | Price/
(cps.) .i " Strength | %E ~£ A) | Resistance | 1L
Product m O ()]
3 ‘“"’ﬁ‘uﬁ’m mwmm S
B 90, 000’ 25 47.50
¢ qmaﬂm ummmw
* remark : A, B and C are solder masks currently available in the market.
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Preparation of the temporary solder mask A

4.3 The effect of NVP:HPMA monomer concentration

The effect of NVP:HPMA ratio was studied by varying the concentrations of

80:20, 70:30, 60:40, 50:50, 40:60, 30:70 and 20:80 phr. The thermal initiating system

] f ]
AULINENTNEINS
RN IUNRINEIAY



42

B

S 38

= 3.6 3

i) i

8 347

g :

© 3.2 —

Z oy 8

(]

=

60:40 50:50 40:60
amount of NVP:HPMA monomer (phr)
N l i
W, f i

L 804
M 60 ]

e ]
=) 40 4

= i

= 20

K] 3

= g -

S

S - .
m 40:60

monomer (phr)
Figure 4.1 The effect of N¥B:HPMA ratio on the physical"prop s of

solder mask A ﬁ ~——— ﬁj

sy U ARNINENDT. e
e iy oYY SO 417 PN

increasing of HPMA contents. It can be seen that the HPMA is a naturally rigid,
glassy thermoplastic; therefore the HPMA composite improves the tensile strength of
this product. However, the %elongation at break is too low, thus make it broken

easily.
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The NVP:HPMA monomer concentrations as high as 80:20 and 70:30 phr can
not be tested because it causes cracking and unpeelable. The concentrations at 30:70
and 20:80 make the solder mask look like adhesives. This study chooses the ratio of

NVP:HPMA at 50:50 because it gives workable solder mask.

4.4 The effect of acrylic polymer

The effect of acry§ s&'arymg the amount at 80,

100, 120, and 140 phr. This € meat used UT- w..\ olymer with the glass

transition temperature at 7 °C.

temporary solder mask. The details afe Wi inappendix. A igure 4.2.

The parameters for therma yife ivatio : obtai d as follows:

e NVP: HPMA

Initiator (AIBN)

Inhibitori(hy

100
Reﬂ“’lﬂ‘ﬁ’&“ﬂﬁlﬂﬁwm‘ﬂ‘i
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Reaction temperature
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Figure 4.2 The effect of UT—Q acrylic polymer on physical properties of

S"‘de”""’ﬁ“iJEJ’Q VIEJ‘VWWEJ’]ﬂ‘ﬁ
o il 2} 6 P AR Lk oo

temporary solder mask is shown in Figure 4.1. The tensile strength decreases with
increasing of UT-50 acrylic polymer contents. Since the UT-50 Acrylic polymer is
flexible and has more elasticity than HPMA and NVP, thus resulted in an increased
number of %elongation at break. Therefore, the UT-50 acrylic polymer improves the

elastic property of this product.
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The suitable flexibility occurred when 100 phr of UT-50 acrylic polymer was
used. The 120 and 140 phr of UT-50 acrylic polymer have more flexibility than that
of 100 phr of UT-50 acrylic polymer but are not tensile resistance. The film were
broken when they were removed.

The physical properties of solder mask A at various NVP:HPMA ratios were

not significant different but at the 60:50 ratio of NVP: HPMA the mask is easily

peelable. Therefore, this formula is chosen: nd riate amount is calculated as

the following :

NVP = the used
= 60/210

HPMA

UT-50 acrylic polymer

died by varying the

‘he re s Silicone oil, which is

i

non-toxic and thermal resistgnce This amount of releasing-]agent caused some

:iected on the melaﬁo”ﬁﬂyﬁlﬂ ﬁl@j w m ﬂ ?wn in Figure
The paﬂréﬁ qfaammu BIINYAA Y

NVP monomer : 28.57 phr
e HPMA monomer : 23.81 phr
e Acrylic polymer (UT-45) : 47.62 phr
o Initiator (AIBN) : 03 phr

e Inhibitor (hydroquinone) - 1, phr
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e Reaction temperature « 100 °C
e Reaction time ; 15 min.
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& ]
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Figure 4.3 The effect of releasing'a ' Ad 1e; er mask A

--'.--‘"w"’"; _ &7,
From Figure 4.3, t e)mmmf g

than at lower amount of releasmg agent because releasmg agent helps to decrease

adhesion between surﬂe ‘HE t{%lp%%w ﬁ}‘ﬁ 15 surface.

As can be seen m Figure 4.3 the temiporary soldersmask can be removed easily
when the amoﬂtﬂ Ir-e]lﬁng Qnmw gol\lm EJ ;Latfgl amount
of releasing agent prolonged drying time, therefore the appropriate amount of

releasing agent at 5 phr was selected.
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4.6 The effect of thickening agent

The effect of the amount of thickening agent was studied by varying
the amount to 2, 5, 10, 15, 20, and 25 phr. The thickening agent is T-45 acrylic

polymer. The viscosity is measured at 10-rpm machine rate and spin No. 4. The

N
\\\ ted as follows:

// \\\
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Ammonium hydro ﬂr —
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e Releasing'age ' D
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%wt of thickening agent

Initiator (ALB
e Inhibitor (hyclro uinone)
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amount of the thickener useﬁvé’s‘" g pﬁ 100 g of the NVP

monomer, HPMA monomer and’aerylic polymer. dfrthe viscosity is too low or too

high, the coating wor%iu EJ: ﬁemﬂhngoﬁﬂ;)ﬂi the thickener
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4.7 The effect of pigment (Titanium dioxide)

The effect of the amount of titanium dioxide was studied by varying the
amount to 1, 2, 3, and 4 phr. The amount of titanium dioxide affected on the optical
and physical properties of temporary solder mask. The details are shown in Appendix

A and Figure 4.5.

The parameters for thermal polymeri obtained as follows:

e NVP monomer

e HPMA mo
e Acrylic pol ' 47.62
e Ammonium h ’ \\ hxckemng agent

e Inhibitor (k
LvF

e Reaction temp

e Reaction ti vi 7 | 5 .
ﬂTJEI'WIEWI"JWEI']ﬂ'ﬁ
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Figure 4.5 The effect of titaniu c[ipxidc on the phy s of solder mask A
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%elongation at break gfl the temporary solder mask. It is.generally acceptable that the
titanium dioxaq ﬂ&t@cﬂaﬂ,imum %&m&aﬂommr
phase, which resulted in the decrease of the %elongation at break.

The tensile strength and % elongation of temporary solder mask under various
phr of pigment seem to be different. At 2 phr of pigment the temporary solder mask

become opaque and pigment was used on the basis of cost saving.
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4.8 The characterization of the surface of temporary solder mask by

Scanning Electron Microscopy (SEM)

The scanning electron microscope was employed to investigate the smooth

surface and phase distribution of specimen. In Figures D.1, D.2, D.3, D.4 and D.5 at

appendix D, the phase distribution of various formula are shown in Table 4.2 .

At 1,500 x magnification, the SEM electron micrographs of the surface and

distribution of the components of tempor:

Table 4.2 The formulation of tempe

yk can be seen.

EM study

Chemicals ﬂ’ e “* Titanium
NVP:HPMA /l :& \ Dioxide
No. (phr) Yowt
1 2325 2
2 30:20 2
| RN 2
4 5 - 10 2
5 i]Wﬂsa ﬂﬁm H1R17
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From the scanning electron microscope, the cracking is evidence from the
increasing of NVP (fig. D.1, D.2 and D.3) which is glassy thermoplastic (Tg = 175°C)
and it increases the glass condition of this product. Figure 4.9 shows that the high
level of releasing agent will give oil droplet on the surface of temporary solder mask.
In Figure 4.10, the 4 % phr of titanium dioxide will cause poor dispersion and rough

surface due to insoluble pigment. These information from SEM helps to confirm the

result in choosing the appropriate ratio of solder mask.

Preparation of the te
4.9 The effect of poly(viny,

The effect of the afognt'of P i JA(GL-05) was studied by
varying the amount to 5:5, 5:10, 5%15:,5:20, IQ. _ 5 and 20:5 phr. This poly(vinyl

=
w).

alcohol) polymer improve on the flexibility and film-formation of temporary solder
mask. The details are sho .},‘ZT:—‘
The parameters of thﬂlal polymerization were obtaineas follows:

' Wﬁﬁﬁﬂﬂﬂﬁ‘ﬁ‘mﬂ‘i

ion temperature 100°C

simaﬁmm AR Y
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4.10 The effect of‘peactlve monomer ;
The effect of the amount of HPMA: NVP monomer was studied by
varying the amount to 1:1, 1:2, 1:3, 2:2, 2:1 and 3:1 phr. This HPMA: NVP monomer
improved the flexibility and tensile strength of temporary solder mask. The details

are shown in Figure 4.7.
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The parameters of thermal polymerization were obtained as follows:

e Water (deionized) : balanced

e PVA(GH-17):PVA(GL-05)  :10:5 phr

e Reaction temperature :100 °C
e Reaction time :15 min.
=B I
50 : = . renght (Mpa)
. ——
40 - E on at break (%)

Value

11 12 13 2%

Amount of HPMA NVB-inoggﬁér
( ‘i

Figure 4.7 The effect of HPMA ‘NV P monomer

ﬂ‘LJﬂ’J NYNINYINT
In thlS Core of HPMA content has.a tendency togincrease the
properties of t@ﬁjr@yiﬁjr\}ltn&;im ﬁ;l@ EeLreased.

When consider the fix amount of NVP, the tensile strength is increased and specificity

at different of HPMA: NVP between 1:1 with 3:1 can be seen clears. The suitable

value is 2:2 of HPMA: NVP monomer. Although 3:1 of HPMA: NVP has tensile
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strength value more than but it occurred separation of composition phase. The obtain

composition is not stable at long time.

4.11 The effect of xanthan gum

The effect of the amount of xanthan gum was studied by varying the

No.2 and spin rate at 6 rpm. T
The parameters of the

e Water (deionj

e PVA(GH-17

e NVP: HPMA

Reaction temperature~=

e Reaction time

9

_yﬁ
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Figure 4.8 The effect of thes ol scosity of temporary

solder mask
From Figure 4.8, the v1sc051ty, creased with the increasing
amount of xanthan gum. If'tix ontrol of flow became

difficult. The appropriate amcp- it of the tk : O.aO.S phr or more, but

in this research 0.2 phr of xanthafi gam was chosen.a.”

ﬂ‘lJEJ’W]EJWﬁWEJ’]ﬂ‘ﬁ
“”"“ﬁ"WWﬂim UANINYAY

The effect of PEG-150 was studied by varying the amount at 0.1, 0.2,
0.3, 0.4 and 0.5 %wt. This PEG-150 prevented the texture of temporary solder mask
from breaking apart. The parameters for thermal polymerization were obtained as

follows:
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Note that methylparaben was used to prevent fungi in this formulation.
e Water (deionized) : balanced

o PVA (GH-17): PVA (GL-05)  :10:5 phr

e NVP: HPMA monomer y 2 phit
e Xanthum gum : 0.2 phr
e Reaction temperature :100°C

. Reaction ine §" /} i

4.13 Thermal properties of s T Eo =

In this study, a The as used to obtain the

degradation temperature. The rary solder mask that

was prepared from suitable fo is shown in Appendix

C. TG/DTG curves showed a contin tr VEIlg SS 0\"er 0-900° C temperature

ranges. The TGA mea \lu dafion temperature of

5
temporary solder mask A ‘L *J B was 317.8 °C.

U

The liquidus and mlmma;m reflow temperature of some common solders are

shown in table 4.3. Pﬂn%b@ %ﬁj ﬁé]@ wem ﬂhﬁmpomy solder

mask A and B can w1th stand the ten%eratlfe in normal selder bath qui a]te well.

oV BN RPTIEREY
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Table 4.3 Liquidus and minimum reflow temperature for some common

solders
Solder Liquid’s temperature Minimum reflow temperature
Copper Alloy 42
63Sn/37Pb 3°C 218°C
60Sn/40Pb Y 223°C

62Sn/36Pb/2Ag \ 224°C

% '\\\\

4.14 The stability of tempc er s \

determined after 1 month

Wide

3 A
The properties of temporary §oldes‘ma q %
¢ !’ ‘ ".I" :

which were shown in Table 4.4.

Table 4.4 The propert

Properties Iﬂ ue (A) Value (B)

AUy NI WNS

Tensile strength (Mpa) ASFMD638-99_ | 3.16 23.21
e 019N 3 V1 6 Ers
Adhcs1on N) ASTMD816-82 | 153.12 -
Adhesion ASTM D3359-97 1B 1B
Viscosity ISO 1652-1985(E) | 66,900 30,000

pH value - 6.56 6.13
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As can be seen in Table 4.4, the viscosity of temporary solder mask is stable
for 1 month. Therefore, The temporary solder masks of this study have good stability

and are possible to be used in soldering process.

4.15 The characterize of N-vinyl pyrrolidone and hydroxypropyl

methacrylate Copolymer

Sy,

4.15.1 Differential Scanni ) ms‘ry e —

In the absence of \1( ‘

distinct glass transitions o

polymers exhibits two

omprehensive studies

concerning the glass transiti VIA ‘are reported at 175°C

and 73°C respectively. The on,; i o]ass g tion temperatures of .

composite NVP:HPMA are s thermograms of these

Table 4.5 Glass transition t E (1 £ ‘ A

I
e
SAf510[e

1A RNE

107.1

Y
ARININTE

131 126.4

From DSC thermogram, increasing the amount of the secondary polymers in

the N-vinyl pyrrolidone improved the resolution of the DSC measurements. The
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determined value of glass transition temperatures of NVP (175°C) closely coincides

with pure NVP. [6]

4.15.2 ATR FT-IR Spectroscopy

IR (film) of poly(N-vinylpyrrolidone) :

-OH stretch
C-H stretch (broad
C-H bend (CH, g
SN

=0

v
iy poly(hydroxypropyl
]

methacrylate) lies at 1710 cm™ poly(N-vmylpyrrohdone) at 1662 cm™ . In this case ,

poly(N-melpyrrohdorﬂ %E:Infa wtﬂ%@%I]lﬁe@acrylate) can

cause the shift of C=0/band to 1547 cnk The ATR FT-IR of thesuomposne

o SR ) T 3113V E)1 61
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