CHAPTER Il
EXPERIMENTAL

3.1 Chemical

3.1.1 Calcium hydroxide (Ca(OH),) premium grade was purchased from

Siam Lime Product Co., Ltd.
3.1.2 Palm Fatty acid was p f from P.S. Pacific Co., Ltd.
3.1.3 Base oil was puﬂa” stroleum Industry Co., Ltd. and

Nynas Co., L? 9

3.1.4 Toluene, n-HW/ Jahol de was purchased from

3.2 Instrument and apparat

3.2.1 Penetrometer:

3.2.2 Dropping pomt Testﬁa’jlﬂmq ;- 02, Manufacture Rigosha

3.2.3 Water washout Tester: Model ansope Seta

3.2.4 Apparatus for distillati ¢ cooler, water measuring
tube and heatg |

325 Scaﬁqﬂ %}réﬂ Wﬁ%ﬁswg@eﬂﬁ 5410LV,

Manuf%'cture Jeol
o2 SeR) ok o AU RN RG b
327 Automatlc Viscometer: Model CAV 2000, Manufacture CANNON
3.2.8 Clevelan open cup test unit: Model CL1, Manufacture Petrotest
3.2.9 Fourier Transform Infrared Spectrometer. (FTIR): Model Paragon

1000 PC, Manufacture Perkin Elmer
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3.3 Procedure
3.3.1 Preparation of Calcium Grease

Calcium Hydroxide (Ca(OH,) 13.6 g was dissolved in 50 ml distilled water

and 30 g base ail in 2 liters stainless steel pot at room temperature. Then the pot
was placed on a hot plate at 80°C. Palm fatty acid 110 g was transferred into a
250 ml beaker and heated on hot plate at 60°C. The palm fatty acid solution was

slowly poured into the pot and the mixture w%pjated at 130°C and stirred at the
same time (Saponification step). Whe-r} tempe?éiure reached 130°C, it was
maintained at that temperature for 15 rﬁinutes anad the water was evaporated on
the hot plate (Dehydratlon’ﬁg After thq_k saponification reaction was completed,
the heating process was n;mued and 100 g of oil was slowly poured into the
mixture. When the tempe tu f af:hed 1(%0 C water was added into the mixture
(Rehydration step). After that;, 2 O g‘Of onf‘was added at a faster rate. Calcium

greases are generally not llle or. dﬁarated} alc;lum grease was obtained as a

smooth and butter. — ?_-

3.3.2 The effect}fpase oil type Y]

3.3.2.1 Preparation of Base Oil Blend 1l

The effect of base oil type was studied by prepared calcium grease with
different kinds of base-il..Naphthenic ail (N) and paraffinic eil (P) were mixed in
3000 ml beaker. The ratios of base oil'blend betweén naphthenicieil and paraffinic
oil are show in Table'3:1.

Table 3.1 Ratio of mixed base oil of naphthenic oil and paraffinic oil

Ratioof N: P 100:0 80:20 70 : 30 60 : 40 0:100

Wt. of N (g) 1000 800 700 600 0

Wt. of P (g) 0 200 300 400 1000
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3.3.3 The effect of water content

Calcium grease was prepared from base oil blend in ratio N:P equal 70:30
and vary water content in rehydration step as following Table 3.2.

Table 3.2 Water content in rehydration step

Water Content (% of wt. Acid) 6 8 10 12 14

H,O (ml)

3.3.4 The effect of saponification rate

Calcium grease was"prepated by using base oil blend ratio N:P equal

70:30, water content 10 % and varyheat rléte for 2.0, 2:5 and 3.0 °C/min.
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3.3.5 The effect of sugfactant - ) 4

Calcium grease was prepared' py ﬁ:sing 100% paraffinic oil and ratio of

nathenic and paraffinic oil was 60 40wh|ch n&axed with nonionic surfactant (NP-9)

in various ratio 1%, 2% and 3% respectnvely ﬁs—*followmg Table 3.3.

i = i

Table 3.3 Surfactant content in base il e f
%Surfactant in base oil 1 2 3
Amount of surfactant.(g) 10 20 30
Amount of base oil (g) 990 980 970

3.3.6 'Test method: of icone: penetration of dubricating' grease using one-
quarter and one-half scale cone equipment (ASTM D1403)

Test method was used for measuring the consistency of small samples of

lubricating greases by penetration of Y4 - scale cone or a 2 - scale cone of

unworked and worked penetrations [1 5].



26

The penetration was determined at 25°C by releasing 4 - scale or 2 -
scale cone assembly from the penetrometer and allowed to drop freely into the

grease for 5 seconds.

3.3.6.1 Procedure of unworked penetration

The empty grease worker cup and sample in a container were placed in
the temperature bath at 25 °C for sufﬁcnent time to bring the temperature of the

sample and the worker cup to 25 £ 0. 5°C/ fk;e’sample was transferred into an

overfilled the cup of the grease The cun-\‘}vas jarred to release trapped air and the

grease was packed with ie?mla to |wnthout air pockets. The excess grease
oV

was scrape off extending/the rim b; moving the blade of the spatula.

J"a

/e penetrometer table and the mechanism was set
[

The cup was place
t}bn of theslndlcator dial. Then the tip of the cone

to hold the cone in the zer

was adjusted to touch the s ge at the Ce;ﬂer of the test sample. The cone was
-jr
released shaft rapidly into thel’est sample and allow it to drop for 5.0 + 0.1s. The

-'a..,

indicator shaft was gently depressed until s{qpped and read the penetration to

nearest 0.1 mm from thé indicator. A total of three tes{s_zon the specimen and

Ly
reported in the average value to nearest 0.1 mm, as the Ya - scale or 2 - scale

unworked penetration of the sample [1 5].

3.3.6.2 Procedure of Worked Penetration

Sample was-filled to the.cup-of the glean, grease worker-and mounded up
about 7 mm at the center. The sample was packed using a spatula and jarred in a
cup to avoid trapped air. The worker was placed in the temperature bath at 5576
until the temperature of the worker and contents reached 25 * 0.5°C. Then the
worker was removed from the bath. Grease was worked 60 full double strokes of
the plunger, completed in 1 min £ 5 s. After that, the plunger was returned to its

top position and the vent cock was opened for remove the top and plunger. The
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cup was jarred and packed the grease with a spatula to fill the holes and remove

air pockets. Moving the blade of the spatula with a 45° angle to scrap off the

excess grease at the rim of the cup. The worked penetration was measured same

the unworked penetration [15].

Calculation
The penetration value which - m "a - scale or 2 - scale cone
equipment shall be full — scale penetra ds D217) by the equation :
Ya Scale : 7 »
p
)
o=
Y2 Scale :

ﬂumwﬂmwmm
QW'W&NﬂiEU UNIINYA Y



Figure 3.2 Apparatus for grease worker
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3.3.7 Test Method for Dropping Point (JIS K2220 (5.4)/ASTM D566)

The bigger month of cup was filled with the sample without air trapped and
the sample was extruded from both ends by a spatula. The metallic rod was
inserted from the smaller mouth to protrude about 25 mm and the rod was push to
the cup to allow the rod contact the rims of upper and lower edges. The cup was
spirally turned while pressing the rod. Then the sample was removed in conical

form the cup. The cup was put in th; g“’” nd inserts the thermometer into the

cup. After that the air bath wa ‘ heatl nd started heating to raise the

it n@g::ath reachied 20°C lower
"
smple. Then temperature was raised at

temperature at a rate of:? _
than the expected droppi of th

a rate of 1-2°C/min by t

f
the heating bath was witk

cup, the both thermomet

Figure 3.3 Apparatus for dropping point
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3.3.8 Test method for water washout resistance (ASTM D1264/JIS 2275
(5.12))

The ball bearing was packed by known mass with 4.0 = 0.05 g of sample
into the housing. The minimum 750 ml of distilled water was added into the bath
and the water was kept at 38 £ 2°C or 79 + 2°C and droved the motor. After that,
the water was adjusted the flow rate of 5 £ 0.5 ml/s. The ball bearing was rotated
at 600 + 30 RPM for 60 £ 1 min. The test ball bearing was detached from the
housing, and was placed on a pre-weight watCheglass. Then they were dried in
the thermostatic air bath at 77 £6-C forJ15 hours. After drying, they were leftin a
desiccators for cooling tosroom"temperature. The mass of the test ball bearing

A
was measured to nearest’0.04 g, @nd obtained the l0ss in mass of the sample

[17] » ok 4

Calculation
A=c x WOf “ ity
R o £
B et 224

A = water washoutresistant (fﬁéés %)
loss irimas&e#samp{&(g)'

B = mass of sample (g)

Figure 3.4 Apparatus for water washout resistance
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3.3.9 Test Method for water content (JIS K 2275)

The sample 50 g was weighted in a distillation flask and glass beads was
added to prevent bumping. 100 ml of toluene solvent was added into distillation
flask and refluxed using heat. The heater was adjusted for the condensed liquid to
fall at a rate of 2 to 5 drops per second from the lower end of the cooler. The
heating distillation was continued until no water was observed. When the
distillation of water ceases, the water measuring tube and its content were allowed

to cool to room temperature. The volume of the water in the water measuring tube

was read and calculated by equation as following [18].

Calculation

W = 100A

M

water gontentin sampl_é",(r'nass %)

A = quantity of water (ml) *
v ol

M = quantity of sample taken (g)

Figure 3.5 Apparatus for water content in grease
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3.3.10 Study of Calcium soap structure by Scanning Electron Microscopy
(SEM)

Thin film of grease was smeared onto a glass slide. The glass slide was
dipped in hexane for 15-30 min. to remove the base oil. Then thickener on slide
glass was dried and coated with gold by lon Sputter machine, and then analyzed
by Scanning Electron Microscope (SEM) at magnification 20,000 to 50,000.

‘l [
3.3.11 Test Methods for Analysis of L(uiéfaﬁng Grease (ASTM D128-98) :
Free alkali - .

The sample 10-30 Ws 'omplf%ely dissolved in 75 ml of n-hexane by
stirring with spatula in 250 enmeye flask and added 50 ml of 95% ethanol

into it. Then a few drops of Q : ‘thaleln solutlon were added into the flask and

shake the content vigorously. Ifith alc_@hol}c fayer after setting for a few seconds,

is pink, 10 ml 0.5 N HCI was added, ‘HTe soltm"ohs were boiled on a hot plate for 10
il

the excess‘aefdf back with 0.5 N alcoholic KOH

-l

min to expel CO, , and titrat
solution. Blank was tested by fpjloyyj_ng exa@y{,t_t_]_e above procedure described,

but omitted the sample,."::t:alculate the free alkalinity in téfms of hydroxide of the

i

wd
predominating base by eguation as following: -
Free alkalinityl(mgKOH/g)= | (B-V)*N*56.1
W

B = volume of potassium hydroxide used in blank
V = volume of potassium hydroxide used in sample
N = normality of the potassium hydroxide

W = weight of sample, g
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