CHAPTERII
EXPERIMENTAL

3.1 Chemicals

Lithium hydroxide monohydrate (LiOH.H,O, melting point 470 °C) and lithium

stearate (C47H3sCOOLi, melting point 205 °C) were purchased from Carlo Elba

Company. Stearic acid (C47H3;5C00 alling” peint 70 °C) and paraffin oil were
purchased from Vidhyasom Co., ttd. Tri e ester (TMP-ester), lithium-
ester grease and lithium { i MOn Grease Company.

Zinc dialkyl dithi VAl ‘ ‘bdenum dithiocarbamate
(MDTC) were obtained fr Bon mine (DPA) was obtained
from Vanalube Company. Hy. e ‘ re of trichloromethane and

methanol) and hydranol ¢ tes (2 mix f imidazole, sulfur dioxide and

3.2 Instrument and

3.2.1 Cannon-ﬂnske viscometer, model series 'ﬂo from RIGOSHA Co.,

ELIJ’JWW mmm
AR A R STR oc

Ltd.

3.2.4 Micro melting point apparatus model MPP-100 from YAHACO

3.2.5 Karl-Fisher moisture titrator with moisture evaporator, model MKA-210
from Kyoto Electronics Co., Ltd.

3.2.6 A three-roll mill machine, model MB-10V from Inoue Seisakusho.
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3.2.7 Apparatus for penetration and work stability test are a half-scale
penetrometer with a brass cone, a motor grease worker machine and
a grease workers with 1/4 inch holes.

3.2.8 Apparatus for dropping point are a grease cup, a special test tube,
thermometers, a 400-ml beaker with silicone oil and a metal rod (12
cm. in length and 1.2 mm. in diameter).

3.2.9 Apparatus for copper corrosion are test tubes, a copper strip (76 mm

in length, 12.5 mm. thickness) and silicon carbide

) were used.

3.2.10 Evaporati irsup odel 848-03 from

3.2.11 App al ea creen cones with hanger

3.2.13 Apparatus for o@ perties are a bearing from

MINEBEA Lids & glass jar
1

oL

scope .model BX-50 from

3.2.14 Gasc ha ‘ r((ﬂ-MS), model HP 5890/5972

from Hewlett Packard and a automatic thermal desorption system

Pl ram b Bd) T WEITI T

3.2.15 Scanning electron microscope (SEM), model JSM 6330F from JEOL.

sl Féphriribiaiiiptorsd hacrbratel (-T45) riobeiFaragon 1000

q

from Perkin Elmer.

3.2.17 X-ray fluorescence spectrometer, model RIX 3000 from RIGAKU.
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3.3 Procedure

3.3.1 Preparation of lithium stearate

Lithium hydroxide monohydrate (0.22 kg) was dissolved in deionized water
(200 ml) in a stainless steel pot at room temperature. Then the pot was placed on a
hot plate at 60 °C. Stearic acid (1.47 kg) was put into another stainless steel pot, and

heated on the hot plate at 90 °C. The lithium hydroxide solution was slowly poured

into melted stearic acid, and "l.,‘ ated at 90 °C and stirred in the same

porated on the hot plate. The
T—

time. After stirring for 2

remaining of moistur ed lithium stearate using a

vacuum oven at 60 ° 'kg) as a white powder was

obtained.

ARHIRY

Lithium stearate (g) 60 54 45 30
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The mixture was heated at 220 °C until a clear solution was obtained. The
solution was poured into a stainless steel tray, and then cooled to the room

temperature.
The base grease was homogenized by the three-roll mill machine (Figure 3.1)

at pressure 2 kgf/lcm? which distance between two beside roll and a center roll was

set at 0.5 mm.

TMP ester oil (2§4§ ¢k2) and parafﬁrhgil (2.55 kg) were mixed with lithium

saarsto 0.5¢ kgRh 4 Q) SAEA I TPV} Fire wes micc i o

stainless steel p&l and heated at 220 °C until both become a clear solution. The
solution aqsw;lda aﬁtﬂléit“l uym %&mﬂm %Jmerature.
The appropriate amounts of aadditives were added into base grease as

shown in Table 3.2. The mixture was blended at speed 20 rpm for 20 minutes. The

grease was homogenized by the three-roll mill machine at pressure 2 kgf/cm?.
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Table 3.2 Weight of base grease and additive

ZDDP MDTC DPA

Amount of additive 10 20 30 10 | 20 | 30 10 | 20 30
(9

Amount of base 990 | 980 | 970 | 990 | 980 | 970 | 990 | 980 | 970
grease (g)

% Additive in grease 3% | 1% | 2% | 3%

The sample rogen gas through all line

and tube to remove eighed, and inserted into the

sample tube by a vac be \ eated to reach 100 °C, and

then nitrogen gas was “ at 200 ml/min for 30 minutes.
Nitrogen gas wit ) -..;-: led into a titrator tube containing

Hydranol-solvent CM. The meisture of fithi um ate was detemined by titration the

moisture contair" ﬁ --A_'I 'f ‘Dol caol ['TT‘:— 7] »-r?ra:.-—ri';;.;r;i';ns;,a mposite_5.

ke

BJ 9
ﬂ‘lJEJl’JVIEW]ﬁWEJ’]ﬂ'a'
QW']ﬁNﬂ‘mJ UA1AINYAY
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3.3.4 Test method for cone penetration (JIS K 2220~ 5.3 and ASTM D-217)

The sample grease was kept at room temperature. The sample was placed
into a worker cup until it overflows (air is avoided by packing with a spatula). The
worker cup was connected to a worker machine, then run to 60 strokes within 1
minute. The sample was prepared in the cup for testing. Any excess grease
extending over the rim of the cup wa off by moving the spatula across the

rim of the cup. The cup wa meter table (Figure 3.2). The

naﬂdt

indicator shaft was set at of the cone was set to allow

the surface of the grease f the n\ tain er: n_:_ release lever was pressed
to allow the cone to pen afsample for .and then the indicator shaft

was depressed until it m the indicator scale was

recorded.
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3.3.5 Test method for worked stability (ASTM D-217)

The grease, approximately 100 g, was placed in the worker. The apparatus
was assembled by using the cover with 1/4 inch holes in the worker plate. The
sample was worked for 60 strokes, and then penetration of grease was measured.

(c.f. t03.3.4).

The apparatus was reassembl nd operated for 10,000 strokes by an

y ept at room temperature to bring

n penetration of grease was

electric motor (Figure 3.3). The

N INeans
RINNINUNINYAY
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3.3.6 Test method for dropping point (JIS K 2220-5.4 and ASTM D-566)

Grease samples were filled in a grease cup, and gently pressed the grease
into the cup until a small amount is extruded at the small opening. The metal rod was
used to cut the edge of grease from the cup, and a smooth film of grease should
remain in the cup. The apparatus was assembled as shown Figure 3.4. The test

thermometer was set by the tip of ometer bulb above the bottom of the

grease cup when the apparatus ",_“ r thermometer was placed in a

silicone oil bath as same |

The silicone oil in - at a rate of 1-2 °C/min until
the bath reached a te A ' the expected dropping

point. The rate of heatin : ure rise. The grease began

The temperature a ' ¢ ‘ lis to the bottom of the cup is
defined as the dropping point. “The- averagt the reading temperature on two

LRI T
thermometers (thermog etg@m nple cup’ he oil bath) was considered as

A
AN

Figure 3.4 Apparatus for dropping point test of grease.
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3.3.7 Test method for evaporation loss (JIS K 2220-5.6 and ASTM D-2595)

An empty sample cup was weighed at the room temperature. Then a test
grease was filled in the sample cup with a spatula (avoid occlusion of air). The test
grease was smooth, and the surface levels were set as same as the rim of the cup.

‘Vr t of the sample was recorded.
(o} uple and a heating device as

e —

- %:mpemture was adjusted
10.02 lite inute.
e

oved from the heating

The sample cup was weighed, and

The sample cup was
—

shown in Figure 3.5. T:y
to 99 °C. The air flow w. |

After 22 hours,

device, and cooled d cup was weighed, and

the net weight of the in weight of grease was

measured as evaporation |

Figure 3.5 Apparatus for evaporation loss test of grease.
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3.3.8 Test method for oil separation (JIS K 2220-5.7 and ASTM D-1742)

A 100-ml beaker was weighed, and a 60-mesh screen cone was assembled
in a beaker with lid. The grease sample was packed into the 60-mesh screen cone
supported in a tarred 100-ml beaker with lid (Figure 3.6). The beaker was placed in

an oven at a constant temperature 100 °C for 24 hours. The beaker was removed

from the oven and cooled in a desicca Wmesh screen cone was removed
from the beaker, and the beakerwas we
;‘_‘.“:-

Figure 39Apparatus for oil separation tes@of grease.

AULININITNYINS
RINNTUUNININY
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3.3.9 Test method for oxidation stability (JIS K 2220- 5.8 and ASTM D-942)

The sample grease (4 g) was filled into a dish. The test grease was smooth,
and the surface levels were set as same as the rim of the dish. Five dishes were
placed in the dish holder, and placed in the Norma-Hoffman oxidation bomb (Figure
3.7). Oxygen pressure (0.69 MPa) was introduced into the bomb for 2 hours to check

the leaking. If no leaks, the bomb was

aced in an oil bath previously heated to

99 °C. As the pressure rised, 03 ‘

~ S
constant pressure of 0.76% 10
after 100 hours. / '

"

)

AUYANENTNYNS

Figure 3. ﬂ\pparatus for oxuda}lon stability test of grease.

ARIANN I URNINYAY
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3.3.10 Test method for corrosion preventive properties (ASTM D-1743)

A cleaned bearing was loaded with 20 mg of a grease sample. Bearing was
run under a light thrust load for 1 minute to distribute the loaded grease in the
bearings. The bearing was placed in a glass jar containing water 5 ml. The glass jar
was capped with a screw top glass jar, and stored at 52 °C (Figure 3.8). After 48

hours, the bearing was cleaned, and ined for evidence of corrosion. Criterion for

failure was the presence of a ﬁ//hrger) in any direction.
— ———
\_ Scr o ‘\: p glass jar

ml distilled water

Y]

Figure 3.8 Amratus for corrosion preventive pmerty test of grease.

AULINENINYINg
RINNINUNINYAY
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The copper strip (12.5 mm wide, 50 mm long) was polished with 240-grit

silicen carbide paper to remove all marks. The copper strip was immersed in hexane,
and polished with 150-mesh silicon carbide paper then cleaned with cotton. The
copper strip was immersed in a test tube containing sample grease. The test tube

was placed in a constant-temperature oven at 100 °C for 24 hours. The strip was

@-__,

T —

compared with ASTM Corrosion Standard.

- —

3.3.12 Volatile organic co

-

The grease (5 mg) w. controlled surface area about

2 mm x 5 mm. The foil ¥ r of Dynamic Headspace
was flowed to a chamber
packing material). After 3
tic thermal desorption (ATD

e analyzed by GC-MS [29-30]

‘e HP-5 Column (0.25 mr X 30 1 I
i m, 0.25 pum film
thickness) was used. Ové was seta in wit@emperature ramp rate of

8 °C/min, until 240 °C for 13 min.

w0 o v mJ LIV I B
o ataﬁ.dmons ofjen of syaﬁe:!t?s YI E@J fllum gas was flowed

at rate 50 ml/min for 3 hr.
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3.3.13 Study of lithium soap structure by scanning electron microscopy

A small amount of grease was put on a slide glass (5 x 5 mm). The slide
glass was dipped in hexane for 2 hours to remove the base oil. The thickener on
slide glass was coated with a carbon rod by the carbon coating machine, and then

analyzed by scanning electron microscopy (SEM) at magnification 20,000 to 50,000.

AULINENINYINT
ARIAATAUUNING A Y
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