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Abstract In this study, we synthesized a calcium sulfonate complex grease and a lithium complex grease
to investigate their physical, rheological and tribological properties. The thermal stability of the calcium
sulfonate was higher than 300 C and the lithium complex grease was 245 C in the dropping point test.
In the grease viscosity measurement, the calcium sulfonate complex grease was measured as 7.0 Pa's and
the lithium complex grease was as 4.5 Pa's. Therefore, it was confirmed that the calcium sulfonate
complex grease is superior to the lithium complex grease in terms of thermal stability and cohesiveness.
In the 4-ball wear test, the calcium sulfonate complex grease was measured to be 0.43 mm and the
lithium complex grease to 0.85 mm. In the 4-ball extreme pressure test, calcium sulfonate complex
grease was measured as 620 kgf and the lithium complex grease was as 125 kgf. Therefore, it was
confirmed that the calcium sulfonate complex grease is superior to the lithium complex grease in
abrasion resistance and load-bearing property. It was found that the calcium sulfonate complex grease

is more effective than the lithium complex grease in the lubrication at high temperature and high load.
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1. M2

2% 18|AE ASTM(The American Society for
Testing and Materials)ollA] 4F9] LA WjHo] &
FA|(thickener)7F ®4H=]0] o]F TAIH E= vharA|
dHel EHEA BEs B4 YEiiE tE AES
skt = Qtkar HojEo] U1l

aAY E2AQ] 2w B3kal 7PAESl
AF ShRotal Q7] wiizol ARgE SFAI9 28714
A mfAUSS 1849 £, 35k B4 2AA
83 gaolt) [2] TA0)A FFA] el &8
71 24 5= Sl o124 viAE EAREY Van der
Waals 181} §27157F 3534 M0lA T8 2
M3 1B(capillary attraction) 121 549 &
I FA27 P 33 2= A4 Z1AAR =
3 o= Qloto] BtuAte R EAfsitty Argstolrt.

S FFA oA 1Ae fHSHY B4 E of
HEALZ 7, olggt F5Ae 2 v7] 34590l
g ARSED ok EA]] v FEHeEE 2E
(lithium), Z(calcium), YEE(sodium), LFv&
(aluminum)¥} BF&(barium) 5°] JUH3, 4l.

gF HEAA O A= @A 7P gol AREE 1
YARN A AA 22A i) oF 70%E HRotaL
Aot Wadgo] HgE EAA wEo] X4k 274 o]
g AREshe BlE HEHA ATV} AEEo] AR ET
ATHAI.

e £EAQY AEA O8AE 1985WRE S
SHA AL=7] Al&stlom(e], Agoll=
12-HSA(Hydroxy stearic acid), #+97|3}d Z& &%
Yo|E o8 ZxdE 735t BAR ARESho] Az
HAeH7]. @47 Hle HEHA T840 HRES
714 ol AA|skal QIARE o]AbHA] W] WE 2E
A9 AsE 12 Aol 284 WA HE
AEYA TP ao] Hlg] AHoRE 90 U= T+
SE4E AEYA A7) oA FEEDT] ARSI
g 4G HEAA YA P SHAA =
Sto] A1E-55(NSF, HI grade)®] 1e|Aof= ARGS 4
A8, TN = 22 & 5= YFT 5= o,

S5A0l vl H2Hdat mhakol gt Adso] ¢
Solttal 4R Qv E3h e SEAG AEHA O
Yis Bl fHst B 0w 1Aet HA9] FE
= BA0 7= AeE &EA UHH9, 101

whA] @A 7P g@ol ARSshe 258 129 g

N e 1o to

F AL A9 Ze SEA4G HEIA O8AT
9] F&(worked penetration), 2% (dropping point),
o]-3-%=(oil separation), & HH evaporation loss)2}
B2 (copper corrosion) & 18A9] 71E 384
ST F 22A79] 4-ball Wot/d 9 I44 5
353 Rheometers ©|-§RF 1A {H5H] &
AL mofste] L A AEAA T8ATL 7|E9
&5 AEAL 1YAE AT 5= e Aol tisiA A

319

2. 28

2.1 N H M=

E AN ARREE 7]base oi)= T 2
(paraffinic mineral oil, S-oilA}, 40 T B3 = 100
mm®/s)& ARgEIgon, ARgE 7199 7|1E B4

Table 1°] YERHIE.

Table 1. Properties of base oil

Item Unit Value
Kinetic viscosity at 40 T mm?/s 100.8
Kinetic viscosity at 100 T mm?/s 11.4
Viscosity index - 99
Flash point T 240
Pour point C -12.5
Specific Gravity (15C/4C) - 0.88

E3t Ba7)ske AEA 2 (overbased calcium
sulfonate, OCS)= 27 ¥(amorphous)?] BAFE
o] &3=]o] Q& w|= AHEHChemtura)ite] C-400
CLRE AME5HYem™, OCSe 71 542 Table 29
e At

P

ox

Table 2. Properties of overbased calcium sulfonate

Item Unit Value
Calcium wt% 15.2
Calcium sulfonate wt% 18.5
Total base number mg KOH/g 405
Kinetic viscosity at 100 T mm?/s 75
Flash point ¢ 220
Specific gravity (15C/4 ©) - 1.20
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EPAFZ(calcium carbonate) @ 4485 (calcium
hydroxide)x W3gAA 9] AloFF AES A8 oH,
QU 9l 24k DUKSANGLS] AlokE A2 ARS-SHL
t}. 12-HSA(hydroxy stearic acid)= Royaliit®] Extra
pured AEE ARESIITE Mo-DTC(Molybdenum
Dithiocarbamate)= Adekaiit9] S-600 A|&-& AES
At

LiOH(lithium hydroxide)= Sigma-Aldrichiit2]
298 % AloFg AlEZ ARESHRLAL, AlHtAAHsebacic
acid)= JUNSELit Alokg AES ARSI

2.2 J2|A M=
221 #u MY F2UA J21A Hx
e 34 HEEA = A|zs17] st 8

agA
L9 opend ¥H37]ol #d7|5t= AF 2 1260 g
I e 90 g, 719 1230 g& 718t 71414 mt
7|2 60 rpm O WRleHH 1A17F 59F 95 TR 52 Al
7t 95 Toll = & kS &Aoo Ky, A
kA (converter)?l & 60 g& A7I3H & 1417 B9t ©
wrtslo] A (crystalline) TAREER] HoiA(calcite)
2 AGAFA. HE 98 & FTIR(Fourier-transform
infrared spectroscopy)?] 73l Z®¥FAHattenuated
total reflection, ATR)HOZ A AHEHS =74
slo], Zrgr SEAY AZUA 8|40 BAHY EikE
o] AAY BAREER] WA o R Hekol= A2 g
@t o] & 24 HEAA vE-E FEol7] flot]
1

o

[e)

-

3

Ae gl
T=s T _(‘J_] 2~

Zh 45 g, 12-HSA 240 g, Q4 60 gt 2A4F 15

SAYR EYstgitt. 4A1710] AHA ¥HS =2 180

C7HA] 7tgste] B8 ST, S54

AAZT 180 € & & AL T &3

Xt
g

inch®] 3-roll mill & 23] 71535t A&
Fig. 1°] 9 AzFH9 TA %} Fig. 20] ARE 2%
SEAA AEAA TJA9 518t 12 E 47 YERfIT.

T3 ks P A7HAI)] Mo- DTCE 1% &<

¢ AlRE AxRT F A7HAS] 2844e SRl
222 gg YA J2A M=
71&9 AEAR 2 AEUL 1A ARYHES 8

Jejze] AGE SUT 7]

i e 3 559
1256 goll 12-HSA 261 g& 5&7t 3] FYsto]
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Base oil

Calcium Overbased
Carbonate Calcium sulfonate

Heating / stirring
Co nve

(calcite) Calcium
hydroxide

12 - HSA

Vaper
evaporation

Calcium sulfonate
grease

Phosphoric acid,
Acetic acid

Fig. 1. Manufacturing process of calcium sulfonate
complex grease.
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Fig. 2. Chemical structure of calcium sulfonate
complex grease.

o

LiOH 38 g 3087 AA3] FUsto] 12}

BAEZ AR o710 AEkAAr 130 g& SE1F A
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Base oil

Lithium hydroxide
Sebacic Acid
Lithium hydroxide

Fig. 3. Manufacturing process of lithium complex
grease.
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Fig. 4. Chemical structure of lithium complex grease.

2.3 AlgdH

2.3.1 FTIR-ATRY HQIM AHEZ &H

FTIR 7]7|(Shimadzu, IR Prestige 21)°] ATR
accessory (PIKEit, diamond crysta)E Z2Fsto] Z
& XY A2 10249 BA4Y ehikdso] 2%
Qg bR WA (calcite)® HEEH= AZEHS
gHelsl7] 98k 4000 ~ 600 cm™” FFL 4 em! £
522 503 scansto] AHEHE Z7GHAt

=29 vt B4 Wrke dRlAe FEY] e
SAote Solret IAE Y AEl] FY &
S ASAA IE20] 717t ZolM BofRle FA
A& St HEdS Al she Ad, 8E 2=
A AR AlZto] B8 & e Stk ST 1
gl20] olf/dE S5k olfle AT 1EA0] 4
=5 Fchs s0F4 5 T2 d#HE V12 =4

ot Table 3%} Ztt.
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Table 3. Test items for grease

Test item Unit
Worked penetration 0.1 mm
Dropping point T
Oil separation (100 €/24 h) wt%
Evaporation loss (100 €/22 h) wt%

Copper corrosion (100 T/24 h) -

2.3.3 4-ball test

4-ball test”]E ol&sto] mti & SUAS AldS
A3kt e Shelld] 47 AR7ISETA, 4-ball
tester, UK)E ©ol-&3IL, 47 WHEAIS ASTM D
2266, 47 SUAIE2 ASTM D 25969 Alggo=z
Z7gskiet

2.3.4 Rheometer test

Rheometer(HAAKE, RS 6000, Germany)E ©|
Sto] =9 Hede EAsiylon, RE Y AR
20 mm, Z¥ Alo]9] Z(gap)2 0.1 mm=ZE 3} %5
5 A5 oto] LAY HEdS Blwstith

AT AS o] 2255 w2 ALE 7HK
H, A5&852 tan 6 = FAARG") / BEASG) =
191 HojlA 187t 527] ARRRE YEhd.

o

Mo T

24 g Z3 Y 1

N
19

q

g g
%9 AE5 FTIR-ATRHOZ EX3t FoJ4 AHE
HE Fig. 59 Fig. 60 2tz Yepfict. Fig. 59 A%k
9] FTIR-ATR A29EY 2% ZAo|AE 863 cm’’
Astal W(broad) ¥4 ma7t FRIEGic)

Transmittance(%)

T T T T T T
4000 3500 3000 2500 2000 1500 1000

Wavenum ber(cm")

Fig. 5. FTIR-ATR spectrum of overbased calcium
sulfonate before conversion.
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S}A|TF Fig. 69| W% ¥ FTIR-ATR AHEZo|AE
863 cm™'9] W27}t lojA| T, 881 cm oA FIL @7t
28 (harp) Feol T2/t BHEE sl

R
|

Vg1 emt

Transmittance(%)

Tranamitance(i]

Waverumberfem’)

T T T T T T
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Wavenumber(cm™)

Fig. 6. FTIR-ATR spectrum of overbased calcium
sulfonate after conversion.

ol Zw e AEYL BT REAYEY ©
Aol 2499 ibdsd Wekes dd He
o UYehe o=k dAE & & AT

242 J2|A0 7|2 24 A

AzE 24 AEdo|E SEAA0 I ABAL 1
ga0] 712 249 WEA, o9 B FA4S et
7] $fsted KS M 213001 Sl BHAES Adsts
©oF|, 1 24 432 ok Table 4] Lotk

Table 4. Test values of greases

Calcium

Ifonat Lithium
Test item Method ~ Unit sultonate complex
complex
grease
grease
Worked KS M 0.1
penetration ISO 2137 mm 275 274
Dropping KS M o
point 150 2176 © » 300 245
Oil separation KS M o
00 c/24b) 2050 % 10 20
Evaporation
loss 12831\7/[ widh 0.02 0.02
(100 ©/22 h)
Cgfr?s’;rn KS M No No
100 T/24 b 2088 discoloration discoloration
2T s ST A9 F AR %= NLGL 5+

2 typel 2759k 2742 HISSSIAH:. A4 Aldez Y
4 B7rE o A de s34 AEY dF2e
300 T oldeld, 71&9 = ASHL dgLE 245
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2.4.3 4-ball test

4-ball AE7|Z utRE &3 Ay E A2
J8A+= 0.85 mmZE SHEHCH, of7|o JA7HA=Z
Mo-DTC 1 wt%E FU3t 23} 0.48 mm=ZE HolA|&=

Ae BRI = WAt A XA FEAL J2A
= 0.43 mm2 3900, 3719 Mo-DTC 1 wi%
EA%t A7} 0.35 mmEZ RolxlE A& st W

nt A% A3Z ol Fig. 7o) Wehfidck
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Wear (mm)

Lithium complex grease  Calcium sulfonate grease

B No additive OMo-DTC 1 wt%

Fig. 7. Results of 4-ball wear test.

Panth dé SENY ABAA 227 Utagol
A 95w Bsk, W ey W A

5t

=~ O8]
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125 kgf=
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Fig. 8. Results of 4-ball extreme pressure test.
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2.4.4 Rheometer test

a8AY] HedS £A5k7] 9lste] Rheometers
Apg-slo], Aol AkE(shear rate)S 300 s'&
A3 6002 B FHT ¥ 120 Hge Hm

ZIE Fig. 991 HERIT
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Fig. 9. Evaluation of rheology at sheer rate of 300 s™;
(a) calcium sulfonate complex grease and (b)
lithium complex grease.

6004 8|29 ML
J82E 7.0 Pas, HE #H
S A de S HEIA
AA J8AHTE 9F 1.5 Pa-
(body)ollA Z& A
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ko] JE|A QTS #Aeks Aoz wokgch
Fig. 10014= A28 2] S71 2t b
AZAA g2 B AZAA 18|49 EMAS
(Gt HAGY He} JHE HERIH.
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100
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Fig. 10. Stress sweep curves of greases; (a) G' of calcium
sulfonate complex grease, (b) G" of calcium
sulfonate complex grease, (c) G' of lithium complex
grease, and (d) G" of lithium complex grease.

Fig. 109] stress sweep 342 1 Hz9| Z54E o]
A ASE 9] FASe BASY ¥s HAE U
Wk Fig. 10004 ¥ Ze &E4F AEAA J8a
7t HlE AEEA O9A Bo JAASe AT
BT =28 & 5 0tk B3 F 79 agA BE
°F 100 Pa7tAl= B/dAIret A7 Az Addo=
GAsHA 7HARE AdgEo] 5 S7ish 2AS7 R
oA HAASL T FERl 94 88 Aol A
ARYolE FEIA J2AE 701 Pa, 2lF FEIL
JYA0A= 457 PaR YEPTE 11 oldollAe B4
A 2ot J8AS7F o EoAA H

EHgAIG=et gAY FE ol-8oto] AgE Y W

1O

glof] whE EAAG(tan(d)) g2 HSHE Fig. 119 Yet
Wt
40
35
a6 ®
© pS @
= 20
15
1.0
05
9

10% 103 10*

Shear stress (Pa)

Fig. 11. Stress sweep curves of greases; (a) calcium
sulfonate complex grease and (b) lithium
complex grease.
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£AA Y Fho] 18T W2 A9 g AT HA4A
FETF Fong TiAE= FA9lo] gl B3ARe
AG7F WA ol 13 5Lt B9+ Aa-So
Al 2A7F 32 AFFoltH13] Fig. 1194 EH
2lE AZYA JEAE 457 PaollA, g &E4 A
A T2 701 PaolA £4AS9] glo] 12 et
ot 2Ejart 527] ARk Aeg Y ke Ealsto]
HY Zg &4 AS9A T80t BE AEEA
JE|art J2Zdol ¥ w2 2o WoESIh

3. 22

Ty SEAY AEAA A0 2lF A2 18
L 452 vl FRIsl] Y5k, 9] 239 18

=

AZAA T2 A Az FHF
63 edgor  AgkEE,
FTIR-ATR AHEZo|A Mg Aol 863 cm™' 9]

sty Yo FAro] m3rf Ag Foj= 881
em oM F3L GAtEe 9] Wa7} s

As gl & ¢ A

2) 2829 712 E4AIEIAN HEH2 2
d FEE2 AT 7129 FE HEYA
AR 9533 & & SISITh

3) 4-ball AAZT}, Wt 92 59432 Mo-DTC
A7 B4 glel= 71&9 g HEL A0 Hlg|
e a4 AFEA J8A01 Wile 2455 A
o= RIS

4) Rheometerg ARESF 18] A 24
50 IAE B4 7129 FE AEEA
JYart g eE2A AEYA 19A7F J3
go] B &2 S FRIstel, o= SH B
oA 7171 ZFsAl 71&9] BlE HEHA IYaR
o Ze 49 AEEL I8t B4

(leakage) FANA FEE Aoz wetETh
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