CHAPTER IV
RESULTS AND DISCUSSION

In this study, the calcium di-stearate was synthesized from saponification

reaction of calcium hydroxide and fatty acid at 130 °C in an opening process
system; the total soap content was 27.25%. Then calcium di-stearate was

blended with one type of base ail, sq\c\ %ﬁgzthemc oil, paraffinic oil and mixed

base oil of naphthemc oil and.g\ ini ous ratios; 80:20, 70:30 and

paraffinic of 60:40 and varyin suﬁ@ént- e@in ase oil.

Then the prepared cale&iﬁﬁ:‘fgfre?’é%e tested for its consistency,
L !

|-

dropping point, water conient-and-waier-washout-by-folilewing standard methods

of Japanese Industrial gﬁmdard- anﬁociety for Testing and

Materials (ASTM) 1518 ‘e
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4.1 Synthesis of caIC|um di-stearate «

The @1%’1@63 ﬂ ‘§ mfu wq %rﬂﬂf} a( &\l reaction of

calcium hydrOX|de and fatty acid at 130 °c (Saponification reaction step). The

reaction is illustrated as follows :
2C,; H,, COCOH + Ca (OH)2 = Cy7 Hy: COO-Ca-00CC, Hye + 2 H,O

After the water was removed in dehydration step, the calcium di-stearate

was obtained as a brown solid. It was tested for free alkali following the standard



34

method ASTM D128. Calcium di-stearate was alkali 0.42 mgKOH/g. This indicates

that all of the acids have been completely reacted.

4.2 The effect of base oil type on properties of calcium grease

In the component of grease, base oil accounts for 75-95% of total mass.
Therefore, the performance of grease is largely determined by the characteristics
of base oil. The experiment uses respectively paraffinic base, naphthenic base

and mixed base oil of naphthenic and parafiinicswhich properties are shown in

Table 4.1.

-

Table 4.1 The physical ands€hemical properties of base oils

:

ITEM TEST 14 BASE OIL TYPE
METHOD /1, 100%N4 NP W] NP NP | 100%P

)

“ | 80:20 | 70:30 | 60:40
Density @15 °C; glom® | ASTMID4052 |, 0.0321 | 0.9244 | 0.9204 | 0.9167 [ 0.8045

A 7 5 7

Viscosity @40 °C; cSt. | ASTM D445 | 1803 | 4786 | 1782 | 179.0 | 1899
Viscosity @100 °C; cSt. "._IE_V(ZDIM D445 176 T ’@822 13.75 17.25
Viscosity Index ASTM D2270 16 42 53 62 97
Aniline Point ASTM D611 ||/ 83.8 907 || 941 | 97.1 113.6
Hydrocarbon, Type ASTMD2140
Cp % 1624 | 1411 | 1347 | 1208 | 6.98
Cp. % 4658 | 49.73 | 5098 | 53.13 | 60.18
C % 3718 | 36.16 | 3555 | 3479 | 32.84

Remark : N=naphthenic oil, P=paraffinic oil
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It is generally known that the main characteristic to consider when
choosing oil is the solubility. The metal soup in grease is a compound with strong
polar characteristics. The ability of oil to dissolve soap is dependent on the
degree of polarity possessed by the molecules in the oil. Aromatic molecules are
the higher polarity than naphthenic molecules, while paraffinic are the least polar.

Two of the most common ways of describing solubility are by using the
aniline point and the Viscosity-Gravity-Constant (VGC). The aniline point is
determined by mixing equal parts of oil ana“aailine and stirring vigorously the
increasing temperature. The aniline poiﬁ%l is the temperature at which it becomes
possible for both liquids_te*begome whally mixed. Therefore, lower aniline point
has the higher solubility, wﬁére‘as, higher gqiline point has the lower solubility. The
results from Table 4.1 shgm'/'gd that 169 %Iik has lawer aniline point than N:P ratios
of 80:20, 70:30 and 60:40, respectlvely me.e 100 %P is the highest aniline point.

VGC is calculated fram the values ofr,wscosny and density. Both of these
characteristics correlate with solubifity smceLbéy are linked to the oil composition.
Oil contains a mixture of aromatic, 'naphthéﬁi{ﬂand pargffinic molecules. These
three groups of molecqllés—have—diﬁefeﬁt—deﬁsmes—at—the%sjéme molecular weight.
Aromatic molecules ha\;e '_higher density than naphtheni.:.c_ molecules, which have
higher density than paraffinic molecules. Iherefore, aromatic molecules have
higher solubility than naphthenic molecules, which have also higher solubility than
paraffinic. The results from Table 4.1 showed that<400%N has higher density than
N:P ratio 80:20, 70:30;'60:40, respectively, while 100%P-has the lowest density.
From results discussed above, 100 % N has a higher solubility than N:P ratios of
80:20, 70:30 and 60:40, respectively, while 100 %P has the lowest solubility.

Calcium greases, which prepared from different kinds of base oil, were
tested for its consistency, dropping point, water washout and water content by

following the standard methods of ASTM and JIS. The results are shown in Table

4.2.
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Table 4.2 The effect of base oil type on properties of calcium greases

ITEM TEST BASE OIL TYPE
METHOD 100 % N:P N:P N:P 100 % P
N 80:20 70:30 60:40

Appearance Visual smooth | smooth | smooth | slightly very

Inspection &clear | &clear | &clear | rough rough

& grainy
F 7
Penetration; Unworked | ASTM D1403 227 218 221 221 291
|
Penetration; Worked ASTM.D1403 2438 236 235 227 243
Dropping Point; °C AW@‘G 11&_ 110 111 110 109
Water Washout AS’(V1 g64 ‘2.19'5" . 10.86 0.76 1.01 3.57
(38 °C/1 h), mass % _ ’f‘k )
1 = 2
Water Content, mass % | JIS K2275 (4) | ,0.68 |, 088 | ose | oes [ oso
FIgy 4
—— ‘1;,
Remark : N = Naphthenic Oil ; P = Paraffinie Ol
A s i
e Y-

4.2.1 The effect of basg oil type on the consistency _J: 2

il

The consistenc;ygf- calcium grease is a measure fé? its softness or stiffness
by the cone penetration iést at 0 (unworked) and 60 strokes (worked) by following
standard method ASTM D1403[20]

The penetration number wasgsmeasured in depth, tenths of millimeters,
which a standard cone sinkKs (into the grease under the test condition. The results

are shown in Table 4.2 and Figure 4.1.
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Penetration (Unworked)
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The penetration numer: (un of calcium grease prepared from
100% P (291) has higher d-10( % N, 30:20, 70:30 and 60:40 (218-
227). Therefore, calcium grease pr 00%P has lower yield than it was

prepared from 100% e oil. v gonsider the difference

ium grease prepared

between unworked and4Aworked penetre _
and mixed bﬂe oil. Thus, 100% N and

from 100%P is more diffelllnt than 100%

[}
mixed base oil i aﬁﬁﬁjﬂfgj)ﬁ%‘fﬁ ﬂcyfcﬁgjan prepare stable
calcium grease, v:ﬂreas, 00%P is not proper for preparing calcium grease.
¢

o R TR BFRP T VTR TR e

days and tested the penetration number at 1 day, 7 days and 30 days. The results

are shown in Table 4.3 and Figure 4.2.
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Table 4.3 The penetration number at 1, 7 and 30 days in varying base oil type

Remark : N = Naphthenic Oil'; P

10 —

-10

Various penetration number

BASE OIL TYPE PENETRATION (UNWORKED/WORKED)

1 Day 7 Days 30 Days

100 % N 227/243 233/246 222/237
(+3) (-6)

N:P = 80:20 218/236 218/227 217/227
(-9)

N:P = 70:30 25 221/225
(-10)

N:P = 60:40 216/223
(-4)

RIAINTUYNINIAY

- O%P
—&— 20%P
-~ & - - 30%P

-- 4 - - 40%P

Figure 4.2 The consistency stability in varying base oil type
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The penetration numbers (worked) of grease prepared from 100%N, 80:20,
70:30 and 60:40 can vary slightly varied from 3 to 10 penetration when storage for
30 days. However, the penetration number of calcium grease was still in the
acceptable range for NLGI Grade No.3 (220-250) (APPENDIX 3). Thus, base oil

type is not affect to consistency stability of calcium grease.

semisolid state to a |iqui:? w Table 4.2 and Figure 4.3.
The dropping points of sre va - 110 °C. However, it
sification (APPENDEX 3).

was still in acceptab

Therefore, base oil type i of calcium grease.

120

115

110

Dropping Point (C)

105

o | v/ ‘
AR R INYIRY

Percent of paraffinic oil (%)

Figure 4.3 The effect of base oil type on dropping point
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4.2.3 The effect of base oil type on water washout resistance
The loss of a sample was measured after a specified ball bearing with the
sample was revolved at 600 RPM, and 38 °C distilled water was sprayed onto the
housing of the ball bearing at 5 ml/s for 1 hour. The results are shown in Table 4.2.
All prepared calcium greases have water washout resistance in a range of

0.76% to 3.57%. Calcium grease prepared from 100%P has higher water washout

i

resistance than the other oils. H } still in acceptable range of JIS
&Jm greases have good water

T—
washout resistance. 7 ——

K2220 specification. Therefo

4.2.4 The effect of bas
The results from \ m greases prepared from
100%N, 80:20 and 70:30 we 1.and clear, whereas, the ones prepared

s due to the lower solubility of

paraffinic oil than that of efore, base oil type affects to

grease’s appearance.

-

AUEINENINYINT
RINNIUUNININY
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4.2.5 The effect of base oil type on grease structure
Calcium soap fibers, which prepared from naphthenic oil and paraffinic oll
were showed to have similar to appearance as a two stranded rope. The results

are shown in Figure 4.4 and Figure 4.5.

Figure 4.5 Calcium soap fibers prepared from paraffinic oil
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4.3 The effect of water content on properties of calcium grease
It is generally known that water is important part in calcium grease.
Calcium soap is not stable in most mineral oils and require the third component to
produce stability. Water is most often used as stabilizing agent in calcium grease.
Using mixed base oil of naphthenic oil to paraffinic oil of 70:30 and varying
the percentage of water content in hydration step prepared calcium grease. The

results are shown in Table 4.4.

Table 4.4 The effect of water content on ff)roperties of calcium grease

ITEM = \ WATER CONTENT (%)
NE@ID 18%: 4| 8% 10 % 12% | 14%
Appearance @I ‘ _}sm_ooti'r& | smooth | “smooth | smooth | smooth
Insﬁgcﬁbn .vqu clé'g._r &clear | &clear | & clear | & clear
Penetration; Unworked | ASTMD1403"| 265 jj Y230 | 222 233 | 223
Penetration; Worked ASTM D1403+— 270 £ 233 236 240 235
Dropping Point; °C ASTM D566 110 e ;Fm 111 111
Y s
Water Washout ASIM D1264 0.73 0.69 +.20.76 1.21 1.46
(38 °C/1h), mass %
Water Content, mass % [ dISIK2275 (4) 0.80 054 0.65 0.87 1.12

4.3.1 The effect of water content on the consistency

The results from Table 4.4 and Figure 4.6 showed that the penetration
number (worked) of 6% water content (265) has higher than 8%, 10%, 12% and
14% water content (233-240). If calcium grease has a lot of water, it will be hard.

Whereas, the lower content of water will lead to soft calcium grease. Therefore,
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the proper water content for prepared calcium grease no.3 was no less than 8%

(0.54 mass %) of soap weight.

300
280 =
260
240

220

200 - —r ———
' ok AT
y g T 0 12 14 16

Worked penetration number

Figure 4.6 Worked penetration nur ay in varying water content

_ATRTIN T

Consistency staby "Vé --------- ciufm greas - et py storing for 30 days
and tested the penetratkﬂ number at ys and 30 days. The results are
shown in Table 4.5 and Figure.4.7.
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Table 4.5 The penetration number at 1, 7 and 30 days in varying water content

WATER CONTENT PENETRATION (UNWORKED/WORKED)
(%) 1 Day 7 Days 30 Days
6 % 265/270 251/254 259/251
(-16) (-19)
8 % 230/233 242/242 243/238
(+9) (+5)
10 % 228/239
(+3)
12 % 242/240
(0)
14 % 225/236
(+1)
25
C 15 ——6%
9
© —e—g%
S 5
S 0,
o - - & -10%
a 5
K<} —— 12%
@ :
> -15 S = =W = 514%
Al d
q
Day

Figure 4.7 The consistency stability in

varying water content
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When storing calcium grease for 30 days, the penetration number (worked)
of 8%, 10%, 12% and 14% water content have slightly varied from 0 to 9
penetrations, whereas, the penetration number (worked) of 6% water content has
varied for 19 penetrations. Therefore, if calcium grease has little water content, it
will not be stable. Thus, the proper water content for prepared calcium grease

No.3 can not be less than water content 8% of soap weights (0.54 mass%).

- 112 °C) were higher th f JIS K-2220 (APPENDIX

3). Therefore, the water GOl oint of calcium grease.

Dropping point (C)

100 =

Water contents (%

16
n o

AWt InenINgns

4.3.3 The effect of water content on water washout resistance
The results from Table 4.4 showed that all prepared calcium greases have
water washout resistance in a range of 0.69 to 1.46%. Calcium grease prepared

from 14% water content has a higher water washout resistance than the other, but
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it was still in an acceptable range according to JIS K2220 specification

(APPENDIX 3). Therefore, water content is not affect to calcium greases.

4.3.4 The effect of water content on appearance.
Calcium greases were prepared from 6%, 8%, 10%, 12% and 14% water

content have smooth and clear, but 6% water content was the clearest.

presented in calcium grease ‘ 1, the calcium soap fibers
twist into a rope-like struett ‘ results are e Figure 4.9 and Figure
4.10. When water conte \ | s % (6% water content
addition), the fibers untwi naintain the twisted fiber,

calcium soap greases mus 1 0.54 % (8 % water content

addition).

ﬂﬂﬁﬂ’l‘l’lﬂﬂ‘ﬁﬂﬂﬁﬂi
QW’lﬁNﬂ‘iﬂJ UAIINYAY



Figure 4.10 Calcium grease structure in 8% water content
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4.4 The effect of saponification rate on properties of calcium grease

Saponification reaction is a reaction between of calcium hydroxide and
fatty acid at 130°C to form calcium di-stearate. Calcium grease was prepared by
using the ratio of naphthenic oil to paraffinic oil; 70:30, 8% water content and
varying heating rate during saponification reaction step, such as 2.0, 2.5 and
3.0°C / min. Then prepared calcium grease was tested for consistency, dropping
point, water washout and water content. The results are shown in Table 4.6.

Table 4.6 The effect of saponification rate on‘pieperties of calcium grease

»
ITEM TEST : RATE OF SAPONIFICATION (°C/min)
_'METHOD E 2.0 256 3.0

Apearance Viﬁsu’a# "Iﬁspectiori ~ Smooth Smooth Smooth

L | ageer & Clear & Clear
Penetration; Unworked ASTM' D 1403 . T*: 237 223 237
Penetration; Worked ASTMID 1465 f 234) 207 234
Dropping Point; °C  ASTMBSEE7- | At IREE 111

‘ ':im K2220.(5.4) 5

Water Washout ASTM D1264 / 0.85 - 7_‘0.78 0.91
(38°C/1h), mass% | JIS K2220 (5.12) )
Water Content, mass-% JIS K2275 (4) 0.60 0568 0.55

4.4.1 The effect of 'saponification ‘rate ‘'on the consistency

The results from Table 4.6 showed that the penetration number (worked) of
all greases were found in range 227 to 234 (NLGI grade No.3). Therefore, the
saponification rate is not affect to the consistency of calcium grease.

The consistency stability of calcium grease was studied by storing for 30
days and tested the penetration number at 1 day, 7 days and 30 days. The results

are shown in Table 4.7 and Figure 4.11.
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Table 4.7 The penetration number at 1, 7 and 30 days in varying saponification

rate
RATE OF SAPONIFICATION PENETRATION (UNWORKED/WORKED)
(°C/min) 1 Day 7 Days 30 Days
2.0 237/234 242/243 247/244
(+9) (+10)
225/226
-1
246/242
(+8)
—— 2.0 c/min

—®— 2.5 c/min

- - 4 --3.0c/min

Various penetration

consistency stability in varying saponific

Figﬂpﬂﬂf@\aﬂim u "]’%j Elr]‘alﬂ)rate

When the grease had stored for 30 days, the penetration number (worked)
of all greases have slight variation from 1 to 10 penetration. However, the
penetration number was still in acceptable range for NLGI Grade No.3 of JIS
K2220 specification (APPENDIX 3). Therefore, saponification rate does not effect

on consistency stability of calcium grease.
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4.4.2 The effect of saponification rate on dropping point

The results from Table 4.6 showed that dropping point of all greases
(111°C) were higher than the minimum of JIS K-2220 specification (85°C min.)
(APPENDIX 3). Therefore, saponification rate does not affect on the dropping

point of calcium grease.

4.4.3 The effect of saponification rate on \y}}er washout resistant

The results from Table 4.6 showed th epared calcium greases have
water washout resistanceﬁf_g_;ange of 07810 U791%, but they were still in
acceptable range of JIS IQ-?ZT)/ ecmc tion (APPENDIX 3). All prepared calcium

greases have good watej

not affect on water wash

4.4.4 The effect of saponificati n—"’ra'jt'e_‘ onf:é‘ép‘éarance
AhAE Adda

Al prepared calcium greases havey smooth and clear. Therefore,

saponification rate does not affect on calcium giease’s appearance.

'l e
'. )

4.5 The effect of surfacl'qm on properties of calcium grease

Some water is necessary in the formation of caICIum grease because soap
is not soluble in oily water dissalves some of the 'soap to emulsify it with the oil. The
water added in the manufacturing of galcium grease also be called the emulsifier.

It is%known that cal¢ium. grease. prepared.fram 100% ‘P was rough and
grainy and prepared from N:P; 60:40 was slightly rough. Since parafinic oil has
low solubility, so the soap can slightly dissolved in oil. Therefore, surfactants
added to base oil can perhaps the help smoothness of grease.

Calcium grease was prepared by using 100% P and N:P ratio; 60:40, and

varying surfactant content in base oil. Then prepared calcium greases were
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tested consistency, dropping point, water washout and water content as the

results showed in Table 4.8 and Table 4.9

Table 4.8 The effect of surfactant in 100%P on properties of calcium greases

ITEM TEST SURFACTANT (%)
METHOD 0% 1% 2% 3%
Appearance Visual Very rough | Very rough Rough Rough
Inspection & Graimy(__ & Grainy & Grainy | & Grainy
Penetration; ASTM D 1403 2A 303 288 274
Unworked .
Penetration; Worked ASTM D1403 '. 243 285 273 269
L LN
Dropping Point; °C sTv pées’// : "71_ 09 108 108 108
Jlsés(sA)w v I’ ‘
Water Washout AsTMD 1264/ |2 3’357 3.48 3.53 3.50
(38 °C/1 h), mass % | IS k2220 812) } ”
Water Content, JIs k2276 (@) | 066wl 1 061 0.65 0.72
mass % = ?:—j

A L

4 -l‘__ L i'“—._

—t



Table 4.9 The effect

b2

of surfactant in N.P ratio; 60:40 on properties of calcium

greases
ITEM TEST SURFACTANT (%)
METHOD 0% 1% 2% 3%
Appearance Visual Slightly Smooth Smooth Smooth
Inspection Rough & Clear & Clear & Clear
Penetration; Unworked ASTM D140 [f/W 205 250 260
Penetration; Worked 278 297
Dropping Point; °C 108 106
Water Washout 223 2.40
(38 °C/1 h), mass %
Water Content, mass % 0.85 0.79
300
280
r—o— 100%N
m N:P,60:40

- _ﬂPenetration number (worked)

Surfactant content (%)

11T v

218 &

Fig 4.12 The effect of surfactant in paraffinic oil and N:P ratio 60.:40

on penetration number



93

4.5.1 The effect of surfactant on the consistency

The results from Table 4.8, Table 4.9 and Figure 4.12 showed that the
penetration number (worked) of all greases varied from 243 to 285 for 100%P and
227 to 297 for N:P ratio 60:40. The penetration number of grease, surfactant was
added, was higher (or softness) than calcium grease was not added surfactant.
Therefore, adding surfactant is not proper for preparing calcium greases, which
leads to a low yield of calcium grease. = /

When consider the difference betwee@p.worked and worked penetration
number, it was found that c__aIg_igm g'rea;“’s prepar“ed ‘f[om adding surfactant have
higher difference (28 Mﬁtrati n) than surfactant was not added (6
penetration). Therefore, a 4 ' ctio stability of calcium grease.

452 The effect of surfact

The results from T 4. and‘fablg}} 9 showed that the dropping point of

all greases prepared by addi suntéctantaﬁe sllghtly lower than greases without

surfactant. However, the droppmg—pﬁmt ofﬂﬂ—greases was still in the acceptable
f -

range of JISK 2220 Speqflcatlon (APPENDI)(S

- ——
\ j A
4.5.3 The effect of surfat:tant on water wash out reS|stance

L))
The results from Table 4.8 and table 4.9 showed that all prepared calcium

greases have watér washout resistant in'a range of 1.01%t0.8.57%. It was still in

acceptable range of JIS K2220 specification (APPENDIX 3).

4.5.4 The effect of surfactant on appearance

The results from Table 4.8 and Table 4.9 showed that calcium greases
prepared from 100% P with added surfactant were still rough and grainy.
Whereas, it prepared from N:P ratio; 60:40 with added surfactant are smooth.

Therefore, surfactant affect the calcium grease has more smooth appearance.
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4.5.5 The effect of surfactant on grease structure
Calcium grease was prepared from mixed base oil of N:P ratios; 60:40 was

studied for grease structure. The results are shown in Figure 4.13 and Figure 4.14.

£

Jﬁ’\;u e . | P
L SRS 60: 40
1SkyU X3IRooo 8. Spm 218838

Figure 4.13 Calcium soap fiber of N:P ratio, 60:40
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60:40-3
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Figure 4.14 Calcium soap fiber of NP ratio; 60:40 with 3 % surfactant

The calcium soap fiber were 'shown, to appear as twist into a rope-like
structure for N:P ratio; 60:40. Whereas, it showed to appear as fiber untwist, short
fibers and lose their structure when 3 % suractant was added. Therefore, adding

surfactant is not proper tg-preparing-caicium-grease:
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