CHAPTER IV
RESULTS AND DISCUSSION

4.1 Selection of colophonies
The colophonies are either a pure colophony WW or modified type for better resistance

and solubility. These materials may be re to generically as resins and as used herein

the term “resin” includes natural n, chemically modified rosin, and
&hony must have the following

synthetic resins. For the g
—

characteristics
1. Softening point ‘ L
2. The color of this colopony if t be-€olc \\ o yellow because the preferred solder

3. The acid value of'the ny must b ;\. sed to or higher than the natural rosin

because if the colg the high acid value it wouid affect the corrosion,

4. The hydrogenated rosinfas greater resk  to oxidation than the natural rosin.

5. The hydrogenated rosin is __ ?ﬁ ause most of its double bond has been
hydrogenated. |y o g A

6. The colophony&fust be easily dispers (8, together with additional
activators and gell'& agents. m

From this rational, KE604 was selected as the,best candidate for solder paste flux.

Table 4.1 The coﬂaur&}‘ %ﬁfﬂ%i‘%ﬂ ’] ﬂ ‘5

Color Pale yellow Colorless
Appearance Transparent Lump | Transparent Lump
Softening point, e 78 minimum 122-132
Acid Value, ngKOH/g 165 minimum 230-245

Price 27 8/KG 533.25 8/KG




4.2 Selection of solvents
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The solvent was selected regarding its ability to dissolve the colophony, its low rate

of evaporation at room temperature (but with sufficient rate at preheat temperature), its low

flammability and its compatibility with the other flux components, whereas its boiling point

should lie below the soldering temperature and more preferably from about 170 °C to about

215 °C. From Table 4.2, the most suita €

t was diethylene glycol diethyl ether.

Property DGDEE DGDBE
Color Colorless | Colorless
Specific gravity, g/cm’ 0.91 0.88
Odor Weak Ether-like
Melting point, °C -44 -60
Boiling point, °C 189 254
Flash point, °C 82 118
Soluble in water, g/l - Soluble 1 Freely ——+Solnble Soluble 3
Ignition temp. , °C 174 Not =

available
Viscosity dynamic 60-70 & L 1.4 2.4
@20°C, mPa*s ‘ ,] r .‘j
Molecular weight, qll 190-210 162.23 162.23 218.33
g/mole , y ./
eln wa 4|

LDs, 0 1200 & 7 13555
(Oral, rat), mg/kg




Table 4.2 The properties of twelve types of solvents (continued).
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Property Acetone Ethanol 1-Butanol Ethyl acetate | 2-Propanol Toluene
Color Colorless Colorless Colorless Colorless Colorless Colorless
Specific gravity | 0.79 0.79 0.81 0.90 0.78 0.87
g/em’

Odor Characteristic | Characteris ic: Characteristic | Characteristic | Characteristic
Melting point, | -95.4 -148 m -89.5 95

%0

Boiling point, 56.2 / /é‘\\ 82.4 110.6

“ \\

Flash point, °C | Less than -20 \\\ 17 4
Soluble in Soluble Soluble 0.52
water, g/l

Ignition temp., | 540 425 535

&

Viscosity - 2.2 0.6
dynamic

@20°C, mPa*s

Molecular 58.08 60.10 92.14
weight, g/mole

LDs, (oral, rat), | 5800 5045 636

mg/kg

4.3 Selection of activators

RN IUUNIINYIA Y

Activators are added to decompose and remove any oxide film existing in the

portion where soldering is going to be carried out, and are usually organic compounds

containing halides, typically amine hydrohalogenides, such as diethylamine hydrochloride

or weak halide-free organic acids. The resin may be a weak acidic activator but it is also

added to protect the metals from oxidation during solder paste reflow. Using additional

activators and/or developing improved halide-containing activators is thus not very

effective in improving the resistance of solder pastes in aggressive reflow processes.
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Additional activators also adversely affect the shelf life of solder pastes and reduce the
resistance of the solder paste to drying during the printing process.
The activator should be selected by 2 major factors
1. Flux efficacy, which is the ability of the flux to promote solder wetting.
Efficacy is closely related to chemical activity.
2. Flux corrosive, which is the ability of flux residues to affect the soldered

products after the soldering process.

|

From the reflow temperature, profile perature of flux action was between

100-235 °C, then, the melting pe *’%.‘.: € a st be within this range. From the

information in table 4.3 ane fon emperature profile, the mort

nrormat!
preferred activators are / \., de (imported problem), ethyl
ammoniumchloride, succinic aci / Dic c at the present, No-Clean and

ivators are selected for this

halide free flux is the most popt fifvl J aplied \
research are succinic acid aad adipic/cid 1 ivator was succinic acid

3_ 1
J‘E:--,- ¥
Table 4.3 The properties offfive types of

P

.tf;'f'\

Property Succinic i JA. HCI | ETA. HCI | TEA HCI

acid

L " ) : ]
Appearance Solid ¢ Sohd ¢ Crysia : ‘ Crystal
3

e |
183-18@

Jo7-1os 256-269

Melting point,

e Y MO RE NS |

R ACRUEIVET ekl R i

Mw, g/moleq 118.09 146.14 109.50 81.55 161.21

Thermal - 338 >270 >270 -

Decomposition,
lJC

LDS50, mg/kg 2260 ~5700 7000 >3200 -
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4.4 Selection of thickening agent

The thickening agent gives the thixotropic property of solder paste fluxes and has
the purpose of preventing the sagging of the powder particles, and thus producing good
resolution during printing or screening. Its effect, however, rapidly vanishes when the
temperature is increased and therefore the colophony content of the paste should be above a
lower limit, depending on the metal content.

As suggested by the patent no ,248 the suitable thickening agents are

hydroxyethylcellulose, methylcellulose ar gum but the preferred thickening is

ozokerite wax. In this study ozokerite wa agent of choice.
— “

4.5 Effect of solvent and cgl J.on viscosity and soluk ility of solder paste flux

From the physical prepertie; colophon v, 'solve activator and thickening agent,
KE604, diethylene glyca and ozokerite wax were chosen for
this study. \ \

The influence of solyent/ S ation on viscosity and solubility was
determined at five different con€engrations of. and diethylene glycol diethyl ether.

Figure 4.1 shows the visc : W{g " e flux increased when the concentration
of KE604 increased. In this! '
the range of 300000 — H’Q‘:'ﬁ ¢ formula contained 65 wt%
KE604, 30 wt% ethylene @col diethyl ether oz g most@itable viscosity.

AUEINENINeINg
AR TUNN NN Y

,;_gi“ ux should have viscosity in
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Figure 4.1 Effect of solven#and.€
=25°C, %RH = 50 °C for file ¢

The influence of ozoKeritd wax- cor ion on viscosity and solubility was
determined at five different thickenis ations (0 — 15 wt %).

From Tables 4.5-ahd 4.6, it was found that the slump.n ercentage of solder paste flux
at 25°C decreased wiNN 7 DNl reased and stable at the

concentration of ozokeritmax more than 12.5 wt%. Figure‘mS indicated that slump at 150
OC decreased when t-je condéntration of ozokefité increased and stable at the concentration

HANBNINEINT

Figure 4.2 ﬂd Table 4.4 indicated that the vﬂ:osity of solde“aste flux increased

when the @%@Mﬂeﬁm Nﬁwé&] ﬁ}vﬂeﬂqﬂﬂf ozokerite wax

the flux becime solid.

of ozokerite more

In this study, the percentage of slump at 25 °C and 150 °C must be less than 5 % and
the viscosity of solder paste flux should be in the range of 300000 — 450000 centipoises.

Therefore, the formula containing 7.5 wt% of ozokerite was the most suitable one.
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Figure 4.2 Effect of ozokerife ntr --“ef-’r \\\\ ﬂux viscosity at T = 25 °C,

%RH = 50 °C

Table 4.4 Viscosity of solder pas H =50 °C and various

concentrations of ozokerite

% Ozokerite %Stdv.
0 ( 1.41
2.5 192€ &, 189 @ 190.5 2.12

| laX 2 Y

5 , 1291 ¢ 1.41
75 37 ¢ 372 373 o) 1.41
107 4 )| 307 2.83
125 § | 852 849 850.5 Z.12
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Figure 4.3 Effect of Ozokegite ation e slum solder paste flux viscosity at

seven different concentrations.

Table 4.5 The % slump at T = 150 “C;2%RH = 58 of solder paste flux of 10 wt% mixed
with solder powder 63/3%8n/ "ype I11) 90 v pugConcentrations of ozokerite.

23

%O0zokerite ump p th Average | Stdv.
3 %

1T L2 el

500 | 6.32 |l 26.40 26.78 | 0.84

16.00 | 5.00 | 5.80 16.13 | 0.23

1§90
[ 1 ﬁcg 6.70 | 0.26
1220 y 507 |© 140~ 1.07 | 0.42

10.0 5.00 | 5.02 0.40 5.00 | 5.03 0.60 5.00 | 5.02 0.40 047 | 0.12

12.5 5.01 | 5.01 0.00 5.00 | 5.02 0.40 5.00 | 5.02 0.40 027 | 0.23

15.0 5.00 | 5.01 0.20 5.00 | 5.00 0.00 5.00 | 5.01 0.20 043 || 0:12
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Table 4.6 The % slump at T =25 °C, %RH = 50 of solder paste flux and various

concentrations of ozokerite.

%0zokerite Slump property, % Avera | Stdv.

1 2 3 ge

D, Dy %Slump Dy Dy | %Slu | D; | Dy | %Slum | %

mp p Slump
0.0 5.01 5.67 13.17 54 13.00 | 5.00 | 5.63 | 12.60 1292 | 0.29
2.5 5.00 5.48 9.60 _I [ y o 5.00 | 5.50 | 10.00 9.20 1.06
5.0 5.00 | 5.25 5.108 o 5.00 | 5.22 4.40 4.70 0.36
7 5.02 5.10 00 ¥5.11 #00 | 5.15 3.00 2.26 0.71
10.0 5.00 | 5.04 S 5 . 5.03 0.60 0.60 0.20
12.5 5.01 5.05 y .. . 6045 5.07 1.40 0.93 0.42
15.0 500 | 5.05 . 00 450 504 080 | 093 | 0.12
:&-ﬂr’ ’ L B
4.7 Effect of thickening agént entratio tackiness property

The tackiness prope ' ol? s X ermined by using five different
thickening agent concentrations (0 — 15wt %)..

Table 4.7 shows the tackinessiof so e flux at various concentrations of
ozokerite wax. The tac 5 ining 0 — 5 wt% ozokerite
wax was worse than tha 5 wt% ozokerite wax.

The suitable ozokerite wax ng them:od slump behavior, suitable

viscosity and good tackiness property was 7.5 wt

ﬂuEJ’J‘VIEJﬂﬁWEJ’]ﬂ‘i
ammnm UAIINYIAY
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Table 4.7 The tackiness property at T =25 °C, %RH = 50 and various ozokerite

concentrations.
%Ozokerite Time, Hour
1 2 3 4 5 6 7 8 24

0.0 - - - - - - - - -
25 - - - H - - - - -
5.0 R 5 = - -
7.5 o -+ T+ +++ At ++ -
10.0 H+ | H F+ F+ 53 b -
12.5 +++ et et b +
15.0 . y f:' =+ |+ +

Note: -, where the tackiness iﬁas‘é: all solder paste was skinned

from glass slide. g i“:; .
+, where the tackines rty u ptabl e of solder paste was skinned
from glass slide. N <% -

++, where tackiness prope ithout solder paste skinned.

+++, where the

4.8 Effect of activator co:ﬂntration 0 sion properﬂ

e coroff} BRI VIV TN St w ¢ e

concentrations of suﬂ:inic acid (0 to S‘Vw) by meas'ging the copperqplate corrosion and
electrical lﬂlmsmﬂﬁimw "] ’g Qn E] "] a E]

Figurg 4.4 shows the data of Electrical Insulation Resistance (EIR) at different
concentrations of succinic acid concentration. The EIR of solder paste flux decreased when
the concentration of succinic acid increased.

Table 4.8 shows the corrosion of six concentrations of 0 to 3 wt% succinic acid, the
corrosions of solder paste flux did not occur but if the succinic acid concentration was more

than 4 wt% the corrosion occurred was clearly visible.
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Table 4 .8 The corrosion and electrical insulation resistance at T = 40 °C, %RH = 90 for

168 hours of various acid concentrations

Electrical insulation resistance, OHM (x

% succinic ) Average (x
o Corrosion 10'% 100 %Stdev.
ol 1 2 3 4 Average ol
5 = . 51.30 .78 | 58.83 58.37
OomON s b U , [ 0 145375 | 72.09 65.23 16.86
_ ¥ HEL ’.r”" 25.67
: No corrosion |3 ﬂ Dbt 26.84 26.25 4.44
,.'-"'r’ ; 5 3% 261 25.02
2 No corrosion | Jf{% E"‘E x‘-.. \
; l,//‘ ‘\"::hﬁ 65.08 20.55 6.37
3 No corrosion ﬁ J l’ E ;\ \\{'\‘M -
WJ ‘. s \\t‘k\ 13.96 13.02 1.62
T A TR
corrosion " l a \ \ A 3.31 3.57 0.93
5 Corrosion !i ; “; il\\\ —— - -
' e . A

——]

ﬂ‘lJEJ’J‘VIEWl‘ﬁWEJ’]ﬂ‘i
QW'\Mﬂ‘iﬁUﬂJW]'JﬂEI']ﬂEI

s ".-:'_J
—_——

1‘:;1 2.03
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Figure 4.4 Effect of % succinic a€id concentrat] rical insulation resistance (Q) at

4.9 Effect of succinic a 'fy.“““ vetting prop 4 ux.

\

£ E
: i
The wetting property of sgder paste flux was determined at six different

oreenmions o BB I NN INEINT

Table 4.9 showys the wetting prope‘rty of six different concentrat‘i(}ns of solder paste
=

W RAIASDINABIANHIAY, o

increased. The acceptable degree of spread was class 1 (Condition where the solder
dissolved from the solder paste wets the test plate, and the wetted area becomes larger than
the past-coated area) and 2 (Condition where all of coated part by the solder paste was

wetted).

From the corrosion, wetting and dewetting test, succinic acid at 3 wt% was the most
suitable activator.
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Figure 4.5 Effect of succinic ;

%RH = 50 °C

Table 4.10 Viscosity o bl

concentrations of succinic.acid

I+ =50 and various the

AW
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older paste flux viscosity at T =25 °C,

¢ a Y
‘ ' Eal a2l
. Y | }xv&age
" . I(centipoises) o o
%Succinic acid 5 #2(centipoises).X | (centipoiges) % Stdv
QRIAYNIEUNUBII N6 8
0 9 368 360 | 364 5.66
1 374 370 372 2.83
2 376 378 377 1.41
3 380 385 383 3.54
4 386 389 388 2.12
! 390 386 388 2.83
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4.10 Comparison of the properties of solder paste flux developed in this study with

those commercially available.

In this study, the most suitable solder paste flux was obtained using 61.8 wt%
KE604, 28.4 wt% diethylene glycol diethyl ether, 6.9 wt% ozokerite wax and 2.9 wt%
succinic acid. Table 4.11 shows a comparison of solder paste flux properties of the present

work solder paste flux with Q3 and 5T Asahi solder paste flux. It was found that the

properties of the present work sold T paste and ST were similar except that the
electrical insulation resistance ©3 and 5 @r than that of the present work.
However, total of solder paste {l of work are accepted.

€S.

Table 4.11 The compariso Wypes.
- ;g.ll {I.‘
(e
DgVel solder -
Item W te flux | S5-T solder paste
pag i }:1 flux
AL
1. Appearance Transparéfié-<-- - - - ent Transparent
yellowish p 7 % wish paste yellowish paste
2. Viscosity at T =25 § L. 415
. ‘ - :
c ‘
pr
3.Wetting property L W 2
F P -
4. Copper plate ﬂ EI TVTEJ ﬂ ﬂ)ﬁiﬂ No corrosion
corrosion Q | ‘j
5. Electriﬁl)' ;Lio Qﬁx ﬁo ¥ 526310 2 53x 107
csancp N 1ONTI I UNVINYH 8
6. Slump property, at T | 1.07 1.05 0.98
=25°C, %RH =50
7. Slump property, at T | 2.26 253 1.96
=150 °C, %RH = 50
8. Tackiness property | +++ +++ +++
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4.11 Effect of storage temperature on quality of solder paste fluxes

The effect of storage temperature was determined at two different temperatures (0-
10°C and 11-35 °C) for three months.

Table 4.12 shows the quality of solder paste fluxes stored at 0-10°C, which was the
same as those of the fresh solder paste flux. However, the viscosity of solder paste flux

stored at 11-35 °C is higher and have so

separated portion at the top of the solder
|
paste flux and the total qualities of s ‘ g were worse than those of the fresh
0,

e

4 +— __A;

3:5
$
2 3
£ y
3 5% B Viscosity
S = f |WEIR ;
g % . | Jﬂ%Slump@ZSDegreeC.
;:o % ‘,u%Slump@ISO Degree C. |
2xg
gm3 157
> me f

1
0.5
.I-
Sample No

v ¢ . v
ARWIANNITUNRVINIETA Y
Figure 4.6 Effect of storage temperature on the quality of solder paste flux for two storage

conditions (at 0-10 °C and 11-35 °C T = 25 °C, %RH = 50 °C) compared with the fresh

solder paste flux with same composition.



Table 4.12 The qualities data of solder paste fluxes at two different sto
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rage temperatures.

Developed solder paste flux

Item
Initial Storage at 0-10°C Storage at 11-35°C
1. Appearance | Creamy paste without Creamy paste without Transparent creamy paste
separated separated with clear portion on the

2. Viscosity

3.Wetting
property

4. Copper
plate

corrosion

No Corrosion

5. Electrical
insulation

resistance, Q

1.30x10 "

6. Slump
property, at T
=25°C, %RH
=50

1.07

TN

AuL Ny

top.

395

v

\\\\\\\

29\

No corrosion

098x 10"

TNYINT

0.63

7. Slump
property, a
=150°C, 4q
%RH = 50

2.26

¢

QARIANNTINU

1.06

7. Tackiness

property

+

+4+

-+
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