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Abstract In this study, the rheological and tribological properties of urea grease were studied according
to the type and amount of polytetrafluoroethylene (PTFE) powders added to the urea grease, which is
the most widely used among solid lubricants, to develop an optimal lubrication system. Urea grease was
synthesized using 4,4'-methylenebis(phenyl isocyanate)(MDI), oleylamine, and cyclohexylamine, and PTFE
powders prepared by dispersion or suspension polymerization process were then added. The basic
rheological and tribological properties of the prepared greases were compared. The worked penetration
numbers of urea grease decreased with increasing amount of PTFE powders, but both PTFE powders
caused no significant changes in heat resistance and copper corrosion resistance. The shear viscosity
increased with increasing PTFE powder content, and the dispersion-type PTFE powder was more
effective in increasing the viscosity. In the value of the loss coefficient = 1, the shear stress was higher
for the grease containing PTFE powders than the non-PTFE added grease, and the dispersion-type
PTFE-added grease showed higher viscosity than the suspension-type PTFE-added grease. Finally, urea
grease was found to have a low-performance improvement in terms of wear reduction effects by adding
PTFE powders, but the load-bearing performance was up to 2.5 times higher for the dispersion-type
PTFE and five times higher for the suspension-type PTFE
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Hol  welt EARI(dispersion-type)2t
(suspension-type)2 H5Eth dEFY PTEE
EetaE, I 4 HRIE Fol AMEY,
PTFE 2%2 &84 9 17 98 50= AR

£ A= derios AlxE PTFES #4F Hog
AzxE PTFES] B4 54& FAPAEY|H(scanning
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2.1 N H M=

E ANA ARREE 7]{base oi)= T Ff-
(paraffinic mineral oil, $-OilA}, 8% 100 mm?/s
at 40 ©)Z ARgsiglom, AR8H 7179 7= B4

ofgfl Table 1°] WERAACE.

Table 1. Properties of base oil

Item Unit Value

Kinetic viscosity at 40 C mm?*/s 100.8
Kinetic viscosity at 100 T mm?/s 11.4
Viscosity index - 99
Flash point C 240

Pour point T -12.5
Specific gravity (15/4 C) - 0.88

4,4'-Methylenebis(phenyl isocyanate)MDD)= &
o] 2o)iite] COSMONATE-PHE ARg3I9oH, AR
MDI9] 7|82 5442 o}l Table 20 UeFHATE

.
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Table 2. Properties of MDI

Item Unit Value

Purity Weight % 99.80
Freezing point T 38.6

Color APHA 10

Oleylamine< Sigma-Aldrichiit®] €% > 98% A|
oFF 9FES ARRSEIYT, cyclohexylamine Sigma-
Aldrichiit 9] %% > 99.9% AlokF -2 AR5}t

EAF3 PTFEE: SOLVAYiit] Algoflon® L206(H4+
A7: 5.0 pm, HIEHA: )7.5 m’/g) AELS AME3IGC
o, ety PTFE: SOLVAYiite] Polymist® F-5A(H
T 973 40 pm, HIEEZ: 3 m’/g) AES ARSI

H

2.2 J2|A HE

AgE fHol 1HAE ARSE] 95t 8 LY
opend ¥k&71°l 750 g9 719& FYskL 60 rpm S
& wykelaA 50 TR 7HI3 & MDIE 78 g £Y519]
IAIZE 53 &siAlHTh

H o] 8719 7] 250 g& FU% & oleylamine
40 g, cyclohexylamine 31 g& X408 9] &
Az )t wEksto] FHEE AR et AxE 7
FE 93710 6087 AHs] FYsta, wytr] 3
EE 100 rpml & ASAIA 1A7F B9t wHlskAiL)

4AZl A A 180 T7HA| 718sto] f-dlotE B
9 BARAFTE 180 Toll =23t & A2 &2 ¢ ¢
7FeAIA 25 TIHA] YZHAZ g 1240 #4835t
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Fig. 1. Manufacturing process of urea grease.
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£ 9319 6 inch 3-roll mill2 23] 7}&3te] ot
JAE AESHAIL, Fig. 10 2ot 2229 AxF
% EAES YERTh

ESF TASAQ] B4 PTFES €9 PTFERT
2, 4 %6 wthE 27t FYste], FRASHA] k2 Al
xgtoto] & 7709 MRS AxT F WA 8
IS Table 390 ¢ AIEE9] formulation
UERITE PTRES FUoHA] ¢ Sof 1aAe
U0, #48 PTFES 2, 4 % 6 wisz T 22
UD2, UD4 ¥ UD6 J12|1 ¥ehy PTFES 2,4 2 6

wt%E FJ 22 US2, US4 € US6=Z ®7| sttt
Table 3. Formulations of grease samples
Item UO | UD2 |UD4 | UD6 | US2 | US4 | US6
Urea grease 100 | 98 | 96 | 94 | 98 | 96 | 94
Dispe;'i;g-type 2 4 6
Suspegfrl;)g—type >4 | s

2.3 Yy
2.3.1 SEM &%
HitachiAt] S-4300& ARESte] 22} A7} 8l HbA

RS olgstel Weke PTFEQF B4 PTFEQ] EH
e B

2.3.2 FT-IR(ATRY) AHEH =X

Fourier-transform infrared spectroscopy(FT-IR)
7171(Shimadzu, IR Prestige 21)°] attenuated total
reflectance(ATR)  accessory(PIKFiit,
crystal)® A&sta] 4000 ~ 600 cm' FEE 4 cm’!
Eol5Cg 505 A7iste] AHERE S5l

diamond

2.3.3 Yt SHAH

aA0 dvt B4 Wrbe 1E|A0 REV] s
245l= Z8l5E(worked penetration)?} 1ZAS
THE ARH Y T 25F d5AA 1A 7]

71 "ol "olA = AAHE SA5te] WIS AIE
Sh= A %(dropping point)?F 1A BALS £%4
3= S X (copper corrosion) 5 1240 HAH
712 4418 KS M 2130 % ASTM D4048°] -3¢

SHes AP, Ald#e ofdfl9] Table 49 Zth
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Table 4. Test items for grease

Test item Unit
Worked Penetration 0.1 mm
Dropping point T

Copper corrosion (100 €/24 h) grade (1a ~ 4c)

Rheometer(ThermoHAAKE, HAAKE RheoWin
RS 6000, Germany)E °]&3sto] 18|49 HetdS =
Ast9em, 20 mm A5 REHE Aot MEE
3 -5 st 1A HedS Hmwstdrt.

235 Ot 2 012 EY

4-ball test71& ©o]&sto] mii 9 I35 AldS
APstAct. AY)= Shelld] 45 AE7](SETA, 4-ball
tester, UK)Z ©o|835}91, 47 ul=AFL ASTM D
2266, 47 FFAFL ASTM D 25969] AlgHPHo gz

27gahct

al
=<

24 N Zot & IF

ARAn] 4 o]&sto] x 10k ¥i&Z PTFE A|&2
HY FAS Ts19Ith Fig. 20 Uehd @€ PTFE &
aro] PAFL EfzlFoly, B Izke] 27171 ~ 4 m
7HA] Q= B2l Yok

E WELS dmm 15 GV =10

Fig. 2. SEM image of the suspension-type PTFE
powders.

Fig. 30 Uehd 24t PTFE o] 2ol gAfo]
Fold, 2717 0.2 ~ 1 m & Y=7F I =o] Y
ct.
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[ WELS w15 OEV 210

Fig. 3. SEM image of the dispersion-type PTFE
powders.

2.4.2 FT-IR(ATRY) AHEH

flot I AE AxsE] gt ofgld MDIY] ¥R
A} gke £ FT-IR AHERE S4sto] vl gRls}
St Fig. 400 Vebd Azd o} dgjA AHER]
A& 2268 cm oA Yt MDIQ] o]iAjoklo]E
7)(-N=C=0)7} §1e1A| L, 1633 cm A $-gote] 7}
2HY(C=0) 7lo 93t =37} gRl HAoh wEhA
FT-IR AHEZS H|wg A7 MDI9 -N=C=0 7|7}
oleylamine ¥ cyclohexylamine®] °}¥1(-NH,) 7|9}
Hhgsto] Lot whgo] AR glSo] FIst3itt.

—

Transmittance(%)

—T 77— T
4000 3500 3000 2500 2000 1500 1000

Wavenum ber(cm'1)

Fig. 4. FT-IR spectrum of urea grease.

243 J2|A9| 7|2 SHAY

8|49 7B BA9 B2V Ax, g4, BAES
mtetelr] flste] KS M 213000 ddal= E4A18S A
Yato] Ald AIE Table 591 YERHQIT. PTFE 22
< EYotA] g2 2ot dgAE= U0, B4 PTFES
2, 4 9 6 wt%= FUg A2 UD2, UD4 € UD6 17
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T 9 PTFES 2, 4 2 6 wt%=
US4 9 US6E #7] sttt

Egt A2 Us2,

Table 5. Test results of urea grease

Test item Unit | UO |UD2|UD4|UDG | US2 | US4 | US6

Worked Penetration| dmm | 272 | 268 | 264 | 260 | 269 | 267 | 264

Dropping point C 212 (212|213 | 213|212 | 212|213

grade
(la~4c)

Copper corrosion la|la|la|la|la| la| la

Ol

S E 43 A3 B4 PTFE 289 52
2, 4 9 6 wtsZ Z7IA171d PTFES H71ekA] &2 ¢
glo} ag]A9] F&= kel 272 dmmoilA 268, 264 %
260 dmmZ #4353t @5y PTFES] d32 2, 4
9 6 wi%E Z7H71E 1849 F& ZHe 272 dmm
olA 269, 267 9 264 dmmE F%& ko] ATk
o] & ZIE vwsYS o EAY PTFEZ dEy
PTFERTH 3% k9] ZH4 W3l Ao o 37
j&o] 44 PTFEZE @89 PTFERT 3429 &
It 22§ &L oz gl

S 4ot HEd H7HE 3 A7 212 ~ 213
C= 93Pt A9 gl A0 FRIFIT). wetA] de
% PTFES} B4 PTFEY A7t o 149
A5 Hstolle TS A g ZAoE IRIFAT

ES BEEA] AYEZEI & dglA BIEF ASTM
D4048 TF49] la 530 & HAlo] AL R = AL
gelstyon, F&0) tieh Askakgo] T2 F4 P
RoZ FIEct.

J94e FE /A9 B4 7= it edt=
=g v 7E fAEHA 75""2“7—7]' Ackgol wet #3t
Sk B4 7L Q. ol EA4E ER7| F4A
2 HI517] 95t power law model2 FHEHH o2

]_.9.6 1:]- 15].

Rheometer7] 715 AREote] He-E(shear rate) 0.1
~ 1000 s H§lolA H=g Z7g3te] Fig. 50 vehd
tt. Fig. 5 (2)9] ¥4 PTFEZF 7k ot 18ja
o} Fig. 5 (b)Y €9 PTFEZ} 37k $-gloF 18 A9
24492 2y Aol 1000 s’ oM HE g

PTFEE H7FSHA] @82 loF Z8]2e 2.02 Paso|H,

EAFY PTFEY] 7190l 2, 4 9 6 wt%Z 271 39
ol Fx: 286, 3.28 9 337 Pas 131 FEF
PTFEQ] A71o] 2, 4 ¥ 6 wi%E 57} 319 o) A%
222,254 9 272 PasE 2Rt 1488HA9
PTFE B2@9] H7leo] 2, 4 U 6 wiZE 7 &2 3
Tk uet S7HES € 4 S 2Ea BE 1?'4*
olA Hetgo] J7stel wet HEs Facks AL g
sttt ESE 5Aet FEkollA BAE PTFES @y
PTFEQ] £9& vl BH, B4 PTFEE FUS ¢
glop T2jArt diFoR Hurt o A SHHER
S50 gt a3t o & AoE wEir

ﬂll

4
10 —=— Urea No additive

—— Urea + PTFE(dispersion) 2 wt%
—a— Urea + PTFE(dispersion) 4 wt%
—e— Urea + PTFE(dispersion) 6 wt%

102

102

Viscosity (Pa * s)

107 10° 10' 102 10°
Shear rate (s'')

(a)

—=— Urea No additive

—<— Urea + PTFE(suspension) 2 wt%
—a— Urea + PTFE(suspension) 4 wt%
—=— Urea + PTFE(suspension) 6 wt%

Viscosity (Pa * s)

Shear rate (s1)

b)

Fig. 5. Evaluation of rheology at sheer rate of 0.1 ~
1000 s-1; (a) urea grease with dispersion-type
PTFE and (b) urea  grease  with
suspension-type PTFE.
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Ril=g
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| —— Urea + PTFE(dispersion) 2 wt3%
= Urea + PTFE(dispersion) 4 wt%
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Shear stress (Pa)
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Shear stress (Pa)
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—~—Urea + PTFE(suspension) 2 wt%
—=-Urea + PTFE(suspension) 4 wt%
—=—Urea + PTFE(suspension) 6 wt%
)
= 104
3
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£
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51" \
"
102
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Shear stress (Pa)
(©)
10°
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—o— Urea + PTFE(suspension) 6 wt%
© 104
@
3
3 SoSeana.
o
€ E%%
8 .
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102
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Shear stress (Pa)
(d)
Fig. 6. Stress sweep curves of greases; (a) G' of urea

grease with dispersion-type PTFE, (b) G" of
urea grease with dispersion-type PTFE, (c) G'
of urea grease with suspension-type PTFE, and (d)
G" of urea grease with suspension-type PTFE.

639

Fig. 6914 B IA&2A PTFE 2o A7k

= fElor 12 A0) HdgHo] oF 100 PartAle ©
BAG) H AEAGHY ghEol Hat glol dFe
E A HARE 100 Pa ol Asdrs @EAG)
2 ARG ) AR LR Hols A E]lskir:

At A A A (tan(6)E
Ehdi= oFll Eq. (D2 YeRd 5= 3loHiol.

L
.

L AA]

— ==

4

vel )

o714, G'& &4 Ae(modulus of elasticity), G'2
LR

tan(d) =

A5 (coefficient of viscosity)E 2z}

&4

A% gho] 11T} e A9l
ARG T Eon R TEae
HARG)Z BAARG ) AR
A9t Aol T2t sEE
A IeH17L

Jejxe] 58 B4S Bl Aok} AF AP

A
o

s8¥st] 11 ATE Eq. 12 A6l Fig. 70l Ul
t}. Fig. 7014 B® tan(6)=121 3 PTFE 295 X7t

o314 k2 -got 8| Ak 730 PaolH, E4H3 PTFES]
A7t 2, 4 9 6 wi%Z 371 & W= 750, 778 ¥
803 Pa 12|31 =g PTFEQ] A7Igo] 2, 4 U 6 wit%
2 37t o HrE 735, 742 2 775 PaZ EHES
o} ot JE|Ad HriEle EAME PTFESQ dE3
PTFE ¥go] 371kl @t tan(d)=1 @& S7F6HA
Z71Eo] B4FY PTFEZ €€k PTFEET) o & AS
& & 9doer, tan(d)=1 € ¢ ALY EAY
PTFEZ} Atid oz o & AL & 4 9loH, oj= 1
A9] % W3y} BA PTFEZF @EH PTFEXRCTH 3
= A& 9ujgith

o)

u

=)

[o

25 -
-~ Urea No additive
—= Urea + PTFE(dispersion) 2 wi%
=- Urea + PTFE(dispersion) 4 wt%
20 —=— Urea + PTFE(dispersion) 6 wi% [
/
4
Py
1o 4
w
E P
1.0
0.5
GO 100 200 300 400 500 600 700 800 900 1000

Shear stress (Pa)

(a)
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3]
&

25 - Urea No additive
~- Urea + PTFE(suspens\on)Em%
= Urea + PTFE(suspension) 4 wt%
20 —=— Urea + PTFE(suspension) 6 wt%

tan &

%

100 200 300 400 500 600 700 800 900 1000
Shear stress (Pa)
b
Fig. 7. Stress sweep curves of greases (tan(d)); (a)
urea grease with dispersion-type PTFE and
(b) urea grease with suspension-type PTFE.

2.6 12|29 EBOIZEX] £
26.1 LHot2 £

kel

47 NE71Z ASTM D 22669 A5 wet &
L 75T, 2¥ 314 1200 rpm, =AY 14133 51%
40 kgollA Wvt E442 AEsti. AlY 3= Fig.
8l et At
4 ball Wear
Dispersion PTFE
0.8
€ 075
S
§ 07 — —_—
=
0.65
0.6 T
0 2 4 6
Content (wt%)
(@
4 ball Wear
Suspension PTFE
0.8
£ 075
£
§ 07 ~
$ \
0.65
0.6 T
0 2 4 6

Content (wt%)
(b
Fig. 8. Results of 4-ball wear test; (a) urea grease
with dispersion-type PTFE and (b) urea
grease with suspension-type PTFE.
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Fig. 8041 PTFEE H7FotA] @42 falof 1A
0.72 mme|™, B4 PTFEY] d71Eo] 2, 4 U 6 wit%
2 27} 3192 & 0.70, 0.70 ¥ 0.69 mm 122 &
g4 PTFEQ] A71g0] 2, 4 2 6 wi%Z 37} 3192 of
£ 0.68, 0.65 ¥ 0.65 mm= =3t PTFES A7t
SFA] Q2 f-dlot A9 ARAT} i3t B oHH, &
AV PTFEZ} 71 J8lAE PTFE £Y%e] 5715k
= U}Eﬂ A E29] H3l Zo] 0.02 ~ 0.03 mmo|d, HEr

@ PTFES A7I%t JjioA= vhed 59 HelE
2 0.04 ~ 0.07 mmZ EAF PTFE Ht} Atjzo=g

ttol 23 of A et ol A4S via
SIS W B E5O) PTFEE 24480 222804

A 1:.47}Xﬂi A HE T A7EA ek
of AN ntR 4 aWE IA FFIE
2& 208 WHEgich

4
o]

2.6.2 el EN

4 A|™712 ASTM D 25969 Algiriol wpeh 2
=25 C, 2E 3H 1760 rpm = 3152 HAA Al
¥t e Fig. 99 YERAIch

4 ball Welding Load
Dispersion PTFE
600

500
400
300
200
100

Welding load (kg)

2 4
Content (wt%)
(a)

4 ball Welding Load

Suspension PTFE
600

500
400
300
200
100

e

Welding load (kg)

2 4

Content (wt%)

(b)

Fig. 9. Results of 4-ball welding load; (a) urea grease
with dispersion-type PTFE and (b) urea grease
with suspension-type PTFE.
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Fig 9ol4 E¥ PTFEE 76k & fdlot 18
= loadg@to] 100 kg &2 EHHoH, A4dHoz
‘E%Ol AgERE 2E, gF F294 9 g 1EAE
load gte] 120, 125, ¥ 250 kg $%0CF o|E= o]y
g I Hls Y ol deol AR Rl & 4
USATH18]. FAH PTFEY] 71go] 2, 4 9 6 wi%E
%7} 3192 W& 200, 250 € 25 kg 182 A=Y
PTFEQ] A71go] 2, 4 9 6 wi%Z 37} 319 =
315, 500 ¥ 500 kgO 2 &A=t} PTFEE A7I6HA]
B2 Eof LAt Bl wstglE W B4 PTFES] 9
ZFol 4 wt% A W loadgte] 250 kgo & 2.5 455t
o, ey PTFEY ol 4 wi% 4 o load Ftol
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