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FIG 1

AA ... Graphene oxide
BB ... Alkyl functionalized-GO

(57) Abstract: The present invention provides a method for preparing a graphene oxide to be added to a lubricant, comprising the
steps of: (a) synthesizing an NH,-GO material by forming an amide bond between a carboxyl group distributed at the edge site of
graphene oxide (GO) and an amino group of ethylene diamine; and (b) forming an alkyl-functionalized graphene oxide (FGO) through
nucleophilic substitution reaction in which -Cl acts as a good leaving group between the NH,-GO material synthesized in step (a) and
an alkyl chloride. In addition, provided is a method for an oily lubricant, further comprising a step of dispersing, in a concentration of
a predetermined wt% in an oil, the alkyl-FGO formed in step (b).
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(el B3]

[7)& &<}
B oane a3A Ay
EE Yo EAANA "ZAFe nlE ESLEZS ZAAA
UelEAd S AL & de 48 &84 Ao #3 Ao,

73 71<]

npEra wpEE dAAgAA dle &5 dAdolH, CduA 3H], A
&4, 7148 © &2 T8 T Y. 2ZEE, HEH Aol HH
E8AE HR3e AL EAF ERE Fole 7MY ARFQ Wolt}. ol
SE8A9 I AEE A2"EE Zg€FoE #AFstn AFY AAEHF
ZNAZRAY FEAd, el A2ge M & dFE . mehA,
AAZN S vtZASY wtEZE Hagalr] g8 A2 K8A o] A
293 gom, ot A% JF5d nAE 98 S Fash

¥, 1@ 3o)E(Graphite), molybdenum disul'fide (MoSz), tungsten
disulfide (WSz) ‘3—1‘ hexagonal-boron nitride (h-BN)9} Z& F4 =39
EFEL 1A SEAERAN dAG FAFE HAFAATE, AA &2A 9
ANMAZA 2 S 244 dEC oFHeE FoAKH. 3y, 2004d 25
oAy 2AL ofF GRS 22t EFY AMELE AAE AFETY. &, Bulk

B33 vasto, ofF g2 AL B EAES AYa, Y okl B
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dF o s ©F IHPPET oF 2del © W nFE HAF
Aoz dHA A, BT IHAY Eo]lEZX|(tribological) 4L oIF
A8 (anisotropic bonding)el 71918l=t], 7)A % (basal plane)?] YAEL 73
Z5AFE o]F 1 YAT, 7)AF(basal layer) AtoldlA= A7) ZIFAtel] o3t
okgl wie|2 WA (van der Waals) A¥E o]F 1 Uk, o] g A7 W e
AagAE MZ H4A BYHE 54E 7HAH, o2 i Efo|ERA
ZH7F g,

ol aHEe AR Y, &y wEy, oAF g A (epitaxy)H,
3atd =Fygoz AR F gorm, 1 F 43 18 W (graphene oxide, G0)E
ATFAZ o] &g 35t uizHo] B thFAL] EFHFHoln {7 &HE
AHgElE FAC fEldtth. Eg, G0 & ¥ AE o A FEoUt o
B FH=R | EAto]=7](epoxide groups)d | =F A7) (hydroxyl groups)<
F2 609 7AW oF EX A3 FFE2rR D7) (carbonyl groups) =
Ft2 8 A 7} (carboxyl groups)o] GO2] ol %] (edge)dll &£},

FH, 0 ©FY Ak FEI7E A3 AFAQ f7]8&uld A 8317
JFn B4l @A Wol 0T T BAHL Fol: 93 A ol
AAEL k. ol HZAsy] A 2HBES FIFREY ET HIZHEAZLE
MAA7IE ATE°] Bol] A=EHI It

Zhang et.al. & &&A] AHA/IAIZA oleic acid modified graphene
ALgEte whE Al 2 vRE A7 17% R 14% s

Mungse et.al. & GO& 7]A e octadecylamine(0DA)YE 7|53} 3}
SEFAMY B dABEE FEATIZ v@ASs 2 vEE adyoem
ZEART.

old] wet G0E SBA ANMAR ol gstux s TFe Axst Ut
(2o A 9]

(713 #A]

Bodge Aed vk 2e 278 VI A0, AW heAE

Aol GAESES AHBtd @i AMEE VIsEEn, 47 Je3™
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AgadE JeAEES odd BANA wlRASS nE EREZS gAAHA
Wol AL FAAZ f4 284 AZPEE ARIE AL 2oz F)

[71&d SH23H]

o2 ddl, B wHe, (a) AS2AWG0)Y oA A B
st2BAs9 dgdrolnle) oluislsle] olml= AYL FAHsA NGO
232 FAHSE v 2 ) A7 () VAE B FHY NE-G0 23}
A7 A58 Abojol A Clo] FL o]27](good leaving group)E zH-&ako] 31844

SEA FAME Asade AzYYL AT

tatd, 471 b)) SAE T FHE 22 7ss oA (Fco)<
odd & FFY FTEE B 9ALE o IgEE §4 884
AzYHE AT},

B, A7) (a) @AM, 471 Absa#®(G0) 0.2 ~ 0.3g2 100ml
dggd HArlstd BAAL Azdtz, AR G0 BAAd 2 ~ 519
dgdArola g Hilste] AFLTA 2HAZ B4 BFAA NH2-G0 2L
H4E & dot. |

=g, A7 (b)) @AM, (b-1) 47 NH-G0 22 0.2 ~0.3g< 100m1 9]
THT Aol ©E FANH 4Vl ¢FEFE 0.3 ~0.7nlE 100ml o HL9)
ol ®E BAAE Axdde DA, (b-2) A7 NGO EAAY A
IRIRE BHAS HAF F, £4 LEAN 2AAL Bok BF UIAAE
EF, 37 M-60 €2 £ €7 7|53 E 0 23 A oFdx
NS AHEstd o3 2 AL, AFLENM 2T T AXAINE
£ o 2§ 4 Ao

T, A7) ¢LEFELS #3225 12 WA 169 SAVE SRE A

FEE BAAAE Aol uidA s,
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B, 47] 29 FHAR2Y PAOY Ao) mFF s,

A% deh Ze B WY Fad 34 A2 £UEL, oA
49a U9 ANE A% FALA UE, == ARE
54 2ok PAZoln FEsA HFY Rolwl, oW FNF weh ge Fad
JA #E £ dE, B o¥de BE ggd dA 42 Fesc &
REEEEERTES

[

e

&3]
Iy Al YAE Hd EFdEES AMLEY @3 da
AEeS 71FEEta, 4 Tissd Asadd YxAEE odd EAAA
FEAZA E]8F 5 Y3, AT vE ESZZS FBAAA YriEAe
gD F U, |

ol &Zottl(alkylamine)®] ¥ A& &8/ €F A& Alolg
dhujEsts A3 808 A% e BEAAo] EdfolEax EX
7N9EE U F Ao

b, wEAE ZAF, FO-14% 0.02 FFHY "¢ Fe Fxdx
%—??‘S}i ball-on-disk® rubbing 3}olA 7]& PA0 2o H]d ~5.88%2]
AT ~3.8%9) FIE EY g AAAPOZA UrtEAo] FAEL e
T A,

Jo

e
mﬂ!

"

=W g 4]

E 12 & ¥39 HgAd AdAde wWE ¢AFgFEe] =99
At (G0) YA EY A4 D AR Gl dig Mg,

E 2 & 299 nEg3 ’é]_/\lcﬂ°ﬂ‘ mE2 G0 ¥ FGO FTIR spectra
ag=,

E 3& & 299 b AAdd mE& G0 ¥ FGO-14 AZ9 XPS
spectra® YERH Y,

=4 2 9y udAd AAd @& G0, FG0-4, FGO-8, FGO-14
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WEe R AL vehd AT,

= 5t & dH9 uigd dAdd mE G0, FGO-4, FGO-8, 3 FGO-14
UL AlE MEZ 9] Raman spectra L,

= 62 B 2 A AAdd W& (a) G0, (b) FGO-4, (c) FGO-8,
2 (d) FGO-14 Y=AE AEY SEM 0|7 AE Yehd =9,

= 72 & e upgdAd dajdol wE (a) G0, (b) FGO-4, (c) FGO-8,
2 (d) FGO-14 YA E BE9) TEM o|P|A & YEd =9

£ 8¢ B wde) wigAd UNdd ©E 0 % F0-140) chF TEM

image® elemental mapping 23} YEld =9,

T 9& PAO oildlA GO, FGO-4, FGO-8 ¥ FGO-14 UY=AE MEZY
AR AgAHE UEd =Y,

= 10-: Rubbing conditionolA] steel ball®] reciprocating motion® &
steel disk& =5 ball-on-disk HAEE /Mg oz Jeid &

E 112 71&9Y base &8/ TGS €7 AEY |7‘4_Ol°ﬂ “‘r%— FGO¢
o Al WEE Jehd gz,

= 12& dHlo]& &8 R FGO A7HE &2

A

2 &89 29 w239
R ERG P vlojg2 23T g @@ ojn|Ao|t},

rsL'

(2o AXE AT FH)

B dge o]y 2 57, 1dn 1AL 2AdE WP ARFE
=ey g7 AAsA FeHol Yt ANdSE S8 49D Hojg. Y B
L e oj7|o A APEE AXdEd FAHA gu gE o
AT A, B AAGSE B dgo] &= 7aRoklN B4 A4L A
AA B Lo J)eF AFL gl NG F Y FEZ A
A%s7) 93t AFHE Aot

EUS Qlold, B 2He ANdEe =AY 53 FHZ AdHE
Aol olm HWFAHL sy Yad FHFE Aot =T, T
AAN B9 F2HUIE2 FAY RREL YT FAHLAE U

B gAAGA 538 BT 59 dFsA gt ¢ BE5¥E

e
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e, B, AN A}%fﬂ‘ "Efg}fsh:}" EE "EfEEoR AFd
FHax, @A, B4 2 ARE s ol dE T4, wA, 38, 27
Ao EA e F7HE duEd.

Slatela AR TWe FEste] B wnel wyad UNde me
g7 sdE AFIYR U=AEES ogH: ol odd BAAA
RAAAAT ErholBex) S4ol BHE 2BAY AZAHL A5 AP,

R 18 B ago] uiFAg dAldo] wE I FsE(alkyl chloride)ol
=98 AHIARE) U= B4 2L AR BAd B Agwold, =
12 Fzahe] ol5e) AHFAL AFBT.

<A F>

1. NH;-GO ¥+

HA, A FA FYT GO (Angstron materials: N0O02-PS) 0.2 ~ 0.3g&
10018} oggol Aol wE BARE AZRIHIT. 0 FAGHel 2 ~ 5mlY
odlgd A ]o}rl(ethylenediamine) & WAE H 75T 16AIF  F<H
BF(reflu) A A Ni-G0& ATt o, wEAsAE 0E 0.25¢2 F7sta,
odgdiolrl e 3ml& AVlete o] HAY aRE d& F U,

olof, ukgo] Ed NH-G0& th#F9 oe&g AH83td FE3 o1 %
AAZ F, 60TAA 2443t B A= ARG

2. &7 FGO =¥ (Alkyl functionalized GO)

NGO 0.2 ~0.3g% 100mle] FFFol Aol wWE  Eiag
d3He (butyl chloride) 0.3 ~0.7m]1E 100m1¢] ok o] WE EAAG
Zzt AzsHd.  old, ulFASFAE  NL-G0 0.25¢& AU,
AALGE(Ee e, F8S5d, FSHEZUA)LE 0.mlE HusleE R
HH9 aFE 4L 5 A

Colo}, NHAGO BAAe] @SRy BAAg FHI WojF F, 80 TolA
24N 7+ B+ BF wE AT, ¥kLo] Z butyl functionalized GO (FGO-4)%

r:,
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chre] dwe g AM8Ad 28 943 P AHD T, 60 TN 24AT Sat
AZFHAUY. FGO-83% FGO-14%= B3-29 (octyl chloride) @}
a3t Egd A (tetradecyl chloride)E ©o|&3le] o]g} e Hyoz
AzsPT. 4714, 37 ¢4FgEL daF 3 WA 169 ¢AVE AXE
- gL EstEe] HPE F YL, dE B9 <A FFHEY, 825 89
471 FE5E, gas 149 FHEDULE o], utFdAsA A7)
a‘é"éﬁ}%% g4 12 WA 169 €47E /A e ¢48 2o A adE

L 1
=

.41

3. 97 FC0S A7Hstol oil-based $BH AZ

2 2 Aksl 128 9 (GO) U AES A 7}A] THL
FLESE(HSRE, €834, dSHEHUA)L o]&dd §4 *&F(oil-
based lubricant)E& AZ3}t%HT}. |

Z, 49 204 {49 &7 7158 ASahBEF0)LE Ldo 0.01
~0.03 FFb(wth) FTEE BAA7ZZ, o, 2dL FAHANLY PAO(Poly
Alpha olefin)o]il, PAO-OWA0 Qo] 0.02wt%e] BE2 BAAZ o A
294E 4& + Jdo.

oo}, ¥4E Fe0) sty 2 FzH EMakglm, FGO7 FshE PAO
299 EdolBYA EHE AT

4. stst 9@ 724 FA(Chemical and structural analysis)

AEE EAste 8719 FARE ZAE7) 98+ Fourier transform
infrared (FT-IR, Vertex-80/Hyperion-3000)& A}43t%it}. X-ray Photoelectron
Spectroscopy (XPS, Thermo Fisher Scientific, Multilab-2000)8 A}&3}a z}
AE T 94289 2 AdUAE A9 vmEdd. BEEd ATz
4L X-ray Divffraction'(X-RD, Ultima IV)3} Raman spectroscopy (Horiba
Jobin-Yvon, LabRam HR)E Abgstel +asioich. BT oy ° Fz:
Scanning Electron Microscope (SEM, Hitachi, S$-4800)3 TEM (Transmission
Electron Microscope, JEM-2100F)o 2 ZA}&t4itt.




WO 2019/098462 PCT/KR2018/002975

. Ed}o]E3 A EA(Tribological properties)
g9 vhEAFS} vlEo #F EJolB=ZA 54L High
frequency friction/wear tester (TE 77 AUTO)E AL, A|F9 mode:
reciprocating ball-on-disk ¥}HoZ 33, Balld} diske Age =EF
bearing steel SUJ2 ($=10 2 HRC: 60~63)& AM$-3512B, PAO-OW40 AR £ Y
(Poly Alpha Olefin, GS Caltex Corporation)S ¥ A|¥2 base FIF&=E
AH&-3FA T
FGOE 1,800s &<t 253 AZE S8t PAO-OWA0 L. Pl EakA Iz o,
PAO-0W40 2.de) FGOE 3H7Md 2A4dL 0.02wt%9 F=2 A=z
254 S HEE 37| Holl, balldt diskeE olHELZ 289 AH3YT. 2
+ 10 ml9 &ZAE ballF disk Abe]9] bathe] FojFct. Egto]EB=zX
A8 7] (Tribological tester)& 10Hz®] reciprocation frequency$} SONQ]}
loadl| A 360s &< FAHUT. HAEE st F9, diskE SZAX 9 159
JIAHAIZ]I ball®] reciprocating motionE diskE E#HFYow, =zt
H2Enth 22 ballT diske AMHEEGT. BIAE % disks W AHE
#Zay] s olMELE 2&T AASNY. mlR EF morphological

E-2& optical microscope (NIKON ECLIPSE Ni-U)E &slsit}h,

AN
=
it
X2
i
I

<23 9 EE>

FAHE MZTo FTIR spectra B4 AZd ZAst= 2A47)d dist
HAEE AFE7] i 609 7T i AFHA FA F suoln},

T 2 & U499 v dAlde wE G0 ¥ FG0Y FTIR spectra
ot}

= 20 EAE wke} o], (0o AHEHL 3244 ~ 3,777cm’ oA
SIERAI7IS #Hd FEAT AFHAY FJAE e, 1,725
FHE2EA 7] dlFsta, 1,588cm ' W¥F 318 (aromatic ring)Ql C = ColHy,
1,042cm '3 1,113cm ol Al o] EALol=7e) dgate B9Est zhzh el
w2kA] FTIR spectraZA] GOOlA] Aba 2Hg7]e] A2 &A% 4 Y.
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AP HFE(Alkyl chloride)2 G0 URAEY FHE 753d
A& (FGO)ol wisiM=, 76lem™ nae) BoEs # %D Aee) CH AF
AZo) dFses BLYst 2,834 ~ 2,978cm! EZoA et EF, FGO
AgolA  1,58lem™e] ELFHE N0 W= sl 0o AFEHY
o}u] =3} (amination) & UEHATH. G0 JsEd F AR 2B
| EA}ol=rle] AFEE  1,725cmFH  1,042eme] WE=EE AAHYL, NH
Meo A4S VehE 1,581em e M2 I3 vebyt

Gool Wigt &4 E3EQ AHFAJ] 7lsstE XPS EM 3 AT +
goer, o AFRE = 3 o YeElAL.

T 32 2 d9e uigAe Arde] mE 0 2 FG0-14 MEY XPS
spectra® YERH T To|r}.

T 38 #H23H, G0 Survey spectrum A= 287eVel 532VolA F
e A% (3 E Jehd e, ol &4zt Cls® Ols 939 333,

G009l UxAEA long alkyl cha.insQ] E9oe=z 01s ¥3 (532V)7}
22 742 Hygow, \de Cls H3 (280eV)Y Z=(intensity)”t @A
Z7HERAEE E F Ao B, 43U e 399%VAlA Nl1so A2
Hazt ved Aoz 9 F UAUH. Cls, Ols R Nlisol & high
resolution spectra & SAFIow, diEHQ AHAQA GO FGO-149] Cls
vscanr% T 3b, & 3cd YERAKY. G0 Cls scan® deconvolutione C-C
(284.64 V), C-0 (284.48 eV), C=0 (288.08 eV), H CO0 (289.04 eV)oj
Pt 479 T8 J3E JERIATHE 3b ZFR). olRAL (0 Uk AEA
A AE718 EAE uidts 09 A3 =T 433 7S HEHAY. =,
FC0-149] A% ST 2o SUGSEY 48 609 7)5e2 8 C-
0 = 000l sFe= HAV} A8 PAs: 285.88 eVl C-N E¢&7)
Vet (E 3¢ 3F2). o] AMAL 399.49 eV (C-N), 400.50 eV (N-H) 2 398.68
eV (N-0)ollAl Al el T3E ) deconvoluted Nls A EZ o ZHE o
S48 & 5 AYT (= 30 F2)

- GO} FGO9 XRD SHE & interlayer spacing® FAFSH7] Y3 &A%,
XRD ¥ d-spacinge 3H2]19] Bl g2 (Bragg's equation)o] <3
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Ag & At
sa4] 1]

nh = 2dsin

482 19]A A= wavelength of the characteristic x-rays&, 6+ x-
ray incidence angle®, d& lattice interplanar spacing of the crystal<
e |

E 4% B 99 uEAF HA9 wE G0, FG0-4, FGO-8, FGO-14
AEo] XRD HEE et T oln,

E 49 =AE His} o], GOE 20= 9.75° A FA WIS BAFo
4&38t= d-spacing2 0.91 mmo|th. FHL 20= 26.4° FIZdT s 33
937t 93, d-spacing 0.334 mmZ R IFUTH. G0 =7+ AT A
HlE o Foe AL ZIARR dAAAN A AL EAEI] wEold.
a3l F Abol9] long alkyl chains®] =2 24 ZAAYY BEE ZAANA
F8 g4 937t o ¥ 4oz WA I F60-4, FG0-8 3 FGO-14& Z+2
26=3.70° , 3.50° , 3.30° /1A W2 ¥IE EHIT. FGO U AE Ato]9] d-
spacing< 2.39 nm, 2.49 nm 2 2.67 mE G0 YA Ed] ¢LESE HJFHQ
71532 9 GO 0.91 mm Bt & & BYY. FAlo FGOY XRD H®2 &
20= 23 ~ 240 BRI Nz WAE ugon, de I3 B3 (20-
26° )l ARAAT. ot (0 HxAE Aol A2 H§I]Y FrE s
Add FAAT 2HE YA EY FAFd 7|dg

fEEe €274 As5E ¥4 F2A9 wel Diamond, Graphite,
CNT(Carbon nanotube), Graphene & T ¥t Y F+Z2& 7IXH, oy &4 Uk
TZEL WFARE & -C 2¥2Z FA4H9 Jut. Raman spectrat o]
SAaA A& graphite degreeE 43 et B3 Fdo|t

GO<} FGOQ] Raman spectra& = 59 YEATE.

= 5 2 2o w3 dAlde mE GO, FG0-4, FGO-8, % FGO-14
U A|E AMEZo] Raman spectra 1T o}, |

= 58 F23W, WEHOE G0 YeAlEo]A 1,349em™ o $1X/3tE D-
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bande sp® - hybridized carbon Fv T2 Ao AIFHH, 1,349cm?
$1 28+ G-bande BHH sp® - hybridized carbon o} $|FEcTt. D 2 G H=
Add ZEH (/) 49 723 5494 d&se Aoz dgA o,
71589 FGOY G-bande GO U=AIE 49 4ta 2879 Z4AE A3 7[EY
Gool )8l red-shifted HATh. FGOE GORTH AAEHQ Zd9 G-band (1,579
cn?) peak ¢ O ZMHHRALH olE sp® VIEHIY BAg Judth. G0 FGO-
4, 8, 149 Z=H| Ip/lee Z7z 0.94, 1.13, 1.12 2 1.082 609l 7|53 %9
Ip/lc &°l &7 J7HINSS Yetdg. o3& W= long alkyl chains©]
UwAES 7HAE F7/HIAFCZA Aol #Aa® vZAAHA Ea(amorphous
carbon)7t A HA S YEAET.

Efo]EER §4A Y 7F EFLS A& €& BF57] A3
£&fo A3 BAtEook gt} olg WA Y EFY EFH 5
SZA HEHAE W 2EY EAHE Aot T2 mipaTFeI.

6< (a) GO, (b) FGO-4, (c) FGO-8, ¥ (d) FGO-14 UYRAE AZ9]
SEM olulzE& YEld EWHoln, = 72 (a) GO, (b) FGO-4, (c¢) FGO-8, 2 (d)
FGO-14 WA E BE ) TEN o]v]x|& ehd Edoltt,
X2 6% =760 R FG0Y BY ¥ R 5HE RYFE SEM image &
TEM image® Z7b JebdS.

6% E 7 B F AR, 718 60 (% 6a L E 7a) £ FGO (=

6b WA = 6d R = 7b WA = 7d)o W vl EAE MY BE AES
AN 24E JEhAH.

a3y, GO9l long alkyl chains® =3 $, FGOE 'Crumpled paper'<F
Zo] &g W (orientation) 22 FF H 4F HI d9& = 74X
NEE Yehidt. o ¢hEsEY A& Zolyl ZESEE FEWo] o
FAAL A7} B FAE 9Fo] FA4H TAEHEY 21 ALl (0
Edo 4oz ZAHNSS HERT

= 8& G0 ¥ FGO-140] i3+ TEM image® elemental mapping ZAH}E
Uehd E=Holt.

T 88 FFEH, AF E=EHL G0 elemental mapping AF}E @429}

ox,
flo
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o] FTHEE AAEE HAFEY. o]= GO nanosheets o &A= A4
28718 v},
H B =W, long alkyl chains@® 7]%349 FGO-14= 7|&9)

GO UeAE 19 ita A87)9f Zae 43U obv] =g} (anination) 2 13+
A&7 yEde & 4 o WEAM, Elemental mapping®] ZAFHEZA X
AToA F DAY FH WBFo] HFHOE o]FAHSTE FAY F U},

GOE PAO oild} 4olx AT, FGO Yk AEE PAO oild 4L &
ZFHAHYE 3t 1€ F¢ F9 ZA #2¢ A7, FTIR 2 XPSoll 98 x=A1g
A 2ol FGOE long alkyl chains®] EAZ PA0 £EBHIA FG0S Akl
7VestAl AR

X 9% PAO oildlA GO, FGO-4, FGO-8 ¥ FGO-14 U wxAE M)
EFAUARA AFZHAE YEtd Edo|n

E 9aolA B & 9Xol, sonication FolE FGO-4, FGO-8 = FGO-14
R PAO oild] ¥ ez BAHoU, & 99 Zo] 309 Foli= FGO-14%
YA G PR oE B st HAH Aee BRE F AN F0-
14¢] 7)1k BAIIA A (dispersion stability)& HASA 21 &2 A&
=922 (0o hydrophobicity7t E=4E A} tJEo] 'crumpled paper'$} #&
FGO9] =& specific surface area® 713}, 22 Q&) FGO-149] tetradecyl
chains®t PAO oil9] & Al& AMol9] van der Waals A3 Zgo] Z71319
olFF YXAEE HFAS EAAIIZ U7 EAIPAHL AT Aoz
Rtk |

£ 102 Rubbing condition®lA] steel ball®] reciprocating motion® 2
steel diskE& E8 T ball-on-disk HI2EE FH oz el =Ho|t},

= 10& Z2EYE, §E8Fo AMAZ EFE FG0Y EddolBR EAL
10 Hz9 reciprocation frequency®}t 50N2] loadolA] 360s <t ball-on-disk<]
rubbing SHl A BASA. |

E 112 71&€9 base #&f% T4 &Z A&y Holol wWE FGOY
2 A4e) Wste dehd 2zl |

= 11& =289, PAO-OW40 oildh H]W3}o FGO-49F FGO-89] whaAlSE
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Z}z} ~34.48%, ~9.70% F7 IR o, FGO-14¢] vwl#AleE ~5.88% Za3tAH.
FGO-49} FGO-8 Al&9 A% #FA wEAF Frke 289 W
£ (poor dispersion stability)ell 7]1shed Hlgted, FGO-14 A9
A4E tribology 543 WutEAo]l FAHUT. 0 wWnsE H4H &2
=A) E(nanosheets) EZEA F 7+ ¢ van der Waals 452802 2l

2 A5 = Agko] AAT, long alkyl chainsC® 7538 FGOE 'crumpled
paper'¢t L& UYLAE EBZFAZAN ¥ specific surface areal@ F 7+
$3AL ZA2ANEA 71E 28 58 AR ZFEE FAEY ZEE vx
wolg e HAYESCZ tribological EAS FAAA + UAG.

% 12& base &% % FGO blended €&HFZ &89 steel diskd #l®
EHL 33 vlo]|3FZ A F X (optical microscope)E2 FEI o] Ao},

% 128 Z=:SW, PAO oild FGO7F FAlE R¥HS nlE Eu Zo
Zv7} ~155m 2 ~ 165mm, ~159m, ~149m= YERRTH. FGO-49} FGO-8& <ol A]
AF3 vle} Zo], poor dispersion stability7} tribological EA4& A &5t
upR EF O] Zo] base &TF vl W 233 IR Ao A,
o FGO-149] wlE Ed 2 ~ 3.8 ZAdEd, olAL FG0-149
'‘crumpled paper'®} #ZHS FAbo] wiEE TFAAA steel disk® UHwiEAJo]
FAERT, o] ¢lF . ERo] 7AF AoF ®HATH

<

<AE>
FGOE T ¢ Ab& 4ol Ze ¢4 FSEY =402 09 EH
71% 55 AT
FTIRT} XPSell 93 G09 AtA &7 7449 t]E9 long alkyl chainsd
=Y 2 CN 29 238 FU33h. KRDS} Raman spectra 223, FGO
T2 9 Hod F Fn FAAFR P FHY @i 4oz
EAAARH.
- E®, SEM % TEM image® ¥ FGOE 7153 ¥ 'crumpled paper'$t
2o PPo= yehde 2 & 9ot
ulZA Y A, FGO-14€ 0.02wthe] Wi A& FRol= BT ball-
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on-diske] rubbing EHlA 71E PAO oile] w|&) ~5.88%¢] wHEALS ~3. 8%
nr EF Zg ZAAAFASEN UntEAo] F4EE ST

FGO-149] E|Eehe A (tetradecy]) A& T G889 &7 AlE Abole] van
der Waals A& Z&2 {ERoA F717H9 A HA HAE A|Fdgod,
ol &34 viE vlE AT A8 ¢ Fago] dFHUL.

2 AT 02 4FHYA 5o HEo] Bgd % A& Lol
e B2 A4 2 EdolBeA 542 BT, 0B B, Sis 12
Y= 169 ¢A7IE 7= ¢ZEsE] HIMA ]i’ﬂ £ EAHL 9= £

93, 53 J53E GU ALY BaFH LA B9 P B A 2
el 2 A B4o FHBE 43I
7% vsh ge, B uHY ANdsdd 498 e AEL 242

Eghoz A9 4 gom, A= 2¥He AL £ Y. F3, 2 @y
=W 2 @y g 496l JAE ANE Fad dEEgoy ol
ANH Aol B, B @ro] S3kk slgRolA B4 A4e s
AeE olzRE U WY 2 75T g AN} sbssit. med, 2
2o 7144 neusls A%Y SRTRA o8 FalAc & Aol

[ o] 87Hs4

g ogge 23Ad BE AoR, AWM 29, A5x A9
2EYN, A% W& QUPTAA AgHo], Hdt vhEE Fol: 9EL
. |

=%, 44 2%A, F, PO 299 2TAMZN, ZF AR

FEBELARA, AT 2BN2Y, 4F 29 PN J)E 224 o
AT PR 29 Fg 2adA deEde 3402 + Aok
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[379 ¥H]

(473 1

(a) AFa2YAGOY oA Ao BEXF 254719 ddoeldly
ofu|:=7]9}9] olv|= AFS FAd NGO EAE FAste @A 2

(b) A7) (a) SAE T3 FAHY N-G0 A LZLHIE AlololA -
Clo] F& ©]2&7](good leaving group) 2 Z-&3td Y X&er-g2 T3 €2
- JlsEd AR (FC0)E ¥Aste vALE EFsts A
SEA A7ME dstadgny AW,

o

EAog 3=

(373 2]

A1gel lolA,

A7) (a) @A NN, A7 A (G0) 0.2 ~ 0. 3gE 100ml ol g
H7rete) BAIAS Axstn, AR G0 ARG 2 ~ 5mio) ojddAdeldl
A71et AFLENA 2N TG BFRAA NGO EZE I A
ERoZ e §84 F7HE Adstadue Az,

KeR
=2

e
=2

(3% 3]

ALFl gloiA,

A7) (b) dANA,

(b-1) 7] NGO Ed 0.2 ~0.3g& 100mle) FFHFol 4o g
Eadas 7] ¢4AE 0.3 ~0.7mlE 100ml oege] Ao TPE B
Azste A,

(b-2) &7 NH-GO Bt A7) ddEsE EAdds HMe &, &4
LxolA AFANT FL &F WA= GAE © EIdE AS SHe=

e &EA HUHE Asaday Az,

(373 4]
A2d e A3l UM,
A7) NH-G0 B3 = €7 753" 0 2 34 ojFedx

e
o
tlo
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At g5t Adn 2 MFHEa, i?é%Eoﬂﬁ 24X B AN E GAE O
Igste e EAOE st &8A HU1E Asagwy Az,

[3+3 5]

A1FANA QoA

A7) ¢AFFEL gAF 12 YA 169 EAVE e AL ERo=F
E &EA HUHE Atstadiug Az,

(373 6]

(a) 2Hs2gRG0)Y oA e BEg 72 EA7]9 g opnle
otr)i=7]9}e] ofml= AE IS NH-G0 EF S FAsE @A

(b) 7] (a) BAE T3 FAHE NH-G0 AT GAFHE AloloA -
Clo] <& o]¥7](good leaving group) E g3t AW X &ukL2 Za o2
71%53d A (FG0)E FAste a4 2

(c) 471 (b) GAE T3l FAHE €2 71538 A3 189 (FG0)E 29
27 Y FEE EANIE OAE EFEE AL ERoz FE #4
&

A Az,

(373 7]

Aol AoA,

7] (a) QANA, 37 A8zl (G0) 0.2 ~ 0.3g& 100ml o gh-2-9j
A7kt BAMAES A x3ta, AZE GO AN 2 ~ 5mle Aoyl S
A7bete] 2 2EANA LML T FBHRAA NG EAL JAs= AL
ERoR 3t FA SEA9 Az, ‘

(373 8]
Aol 3UoiA,
371 (b) BANA,
(b-1) 7] NH-GO &3 0.2 ~0.3g& 100mle FF5o Ao =t

ah
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BEaas A7) 4Z4ESE 0.3 ~0.701E 100m] oj@&el Ao wE RAAL
Az A9,

(b-2) 47] NH-GO E4tfel A7) ¢4 @FstE BAde ke £, &A
LEA AN FX FFH AEAIE GAE O EFEE AL EFPo=
she frA &A1Y Az,

[373 9]

A7d = ATl AAA,

A7) NH-GO B3 =& ¢ 71%33 60 &

A A olFoE gL
AHgE] o3 2 MFen, 23LEAN 2FAT B¢ A2ATE GAE o
TR AL S5H02 e 44 FTAY AP,

(379 10]
A6FAA QoA
7] CAREEL BT 12 YR 169 ¢PYE AE AL BRe=
e #4 &8AY Az,
(379 11]

A6l 1o1A,

A7) e 27 &7 71%sd" AsagdaL 0.01 ~0
BAATE AL EROoT d= 44 $BAY Az,
(373 12]

A6l glolA,

A7) 2de FHA7LY PAOY RE B dE
ZH]—%; |
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