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Abstract

Synthetic ester base oil trimethylolpropane oleate (TMPTO) has excellent lubrication performance
and various outstanding characteristics, and is widely used in environmentally friendly hydraulic oils,
engine oils, and other fire-resistant hydraulic oils. To improve the lubrication performance of TMPTO
base oil under complex working conditions, and to achieve simple addition process, low cost, and
green synthesis method. This work utilized a catalyst free esterification reaction to connect two com-
monly used lubricant additives, 1,6-hexanedioic acid (HDI) and 2-hydroxyethyl acrylate (HEA), into a
half sealed end product (HDI-HEA), which was grafted onto the surface of graphene and its derivatives
to prepare various functionalized modified graphene additives. Among them, functionalized modified
graphene (G-HDI-HEA) can be used as the best lubricant additive for TMPTO base oil. Characterization
techniques such as FTIR, XRD, SEM, TEM, Raman, and XPS confirmed the successful grafting of HDI-
HEA onto the graphene surface. To evaluate the lubricating performance of the modified base oil (G-
HDI-HEA/TMPTO) with varying G-HDI-HEA content, a four-ball friction tester was used to measure the
wear scar diameter and friction coefficient, determining the impact of G-HDI-HEA on the frictional
properties of TMPTO. The results showed that the method of first synthesizing HDI-HEA and then
grafting it onto graphene prevents the two NCOs of HDI from simultaneously bonding to one or multi-
ple graphene sheets, thereby improving graphene dispersion while reducing agglomeration. Addi-
tionally, the one-pot tandem method employed requires no catalyst, significantly reducing costs and
complex post-processing. When the G-HDI-HEA content was 0.01%, the wear scar diameter of G-HDI-
HEA/TMPTO decreased by approximately 27%, and the maximum friction coefficient was reduced by
10%.
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Figure 1. Grafting reaction of half capped HDI-HEA with graphene
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Figure 2. Side reaction products that can be avoided by grafting graphene using the semi capped method
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Figure 3. FTIR patterns of single-layer graphene and G-HDI-HEA
3. BRAERKS G-HDI-HEA i FTIR [Eig

X SHERATHE R AR AR A SR AR B SR SE M . ST EE S, v DA A BRI IR R AR . 2 R
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Figure 4. XRD patterns of single-layer graphene and G-HDI-HEA
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Figure 5. SEM patterns of (a) single-layer graphene and (b) G-HDI-HEA
5.(a) BEAE; (b) G-HDI-HEA Y SEM [&iE

6 NHEF SM M G-HDI-HEA 1) TEM B8, ReM S EIASIEMR MM R4 . &R 2R,
HEEASMEL RIS AL W& PRI ERES, FERSFRZ 400~500 nm (5] 6(a), Kl 6(b)),
AT LA A MU 22 20 A SR A R T AR 4 - % HDI-HEA $2B0 78 502 40 SR IG R T, A SRR I 2R M B s S A
HeRE(E 6(c), 1 6(d). HHREABBAFRE, FEAIEH 0] WK ZA%CEERAN, P
ViS5 S B A A SRR I AR T, AF LSRRI & IR (M SR RS, TR B R A R84, X R
HDI-HEA T3 EASIGIRTT . B Mt b i(PVP) BAG R g A [33], T LAWK REA Sk
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Figure 6. (a) (b) Single-layer graphene; (¢) (d) G-HDI-HEA; (e) (f) TEM images of G-HDI-HEA dealing with PVP
6.(a) (b) BEAZER; (c) (d) G-HDI-HEA; (e) () G-HDI-HEA £id PVP &3I2/FH) TEM Bl
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Figure 7. Raman patterns of single-layer graphene and G-HDI-HEA
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H 534 eV ) O 1s HUE(E B B IR . 8240 BRI C 1o XPS Y (1 8(b))ik 2 MR B 1 =P A [F 21 50 Bk
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Figure 8. (a) XPS patterns of single-layer graphene and G-HDI-HEA; (b) C 1s XPS patterns of single-layer graphene; (c) C 1s
XPS patterns of G-HDI-HEA; (d) N 1s XPS patterns of G-HDI-HEA

& 8. (a) BEAZENF G-HDI-HEA B XPS Ef%; (b) AEMHY C1sXPS Elf&; (c) G-HDI-HEA B9 C 1, XPS Elf%; (d)
G-HDI-HEA HJ N 15 XPS Elf%
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3.2. Bi45EB58 G-HDI-HEA/TMPTO T4 &&m3

3.2.1. KA RE G-HDI-HEA B4 aE

# G-HDI-HEA i@ WA 00 EE 5, BT DMF. DK PR BUSEE 12h BT 8BS0 R
(15 9).

MEKI, G-HDI-HEA 1EMPERE ] DMF s 14 SR 4F, HytE g EER (4 9(a)), 1EAEMRMETEFI
THUER Y B AR S B, AHDTTE EERR IS A AR (1 9(b)), FEARVEVA R R T BOEAR , HLTUE
RS 9(c)). G-HDI-HEA FEM PRI FIFI SRR VR 7 AR T B 8 Btk Re, X T HAETE
Tl TMPTO H 1) R e

W SO SRR A R LB HOCTE VM e P ORI B 2, T e e A SR I R B A
T S BRI, S PR R R I R . DRI, l I AR O VR AT BT S i T
G-HDI-HEA/TMPTO, JF#% 7 Hy #ka e (1 9(d), Kl 9(e)). Tl 1R BB A7 SR 7E = 32 W 3L P e il
BT e A ARG O3 S8, JRREIREF 48 h DL EIRFEES HL.

Figure 9. (a) Image of diffusion of G-HDI-HEA in DMF and standing for 12 hours; (b) Image of diffusion of G-HDI-HEA in
xylene and standing for 12 hours; (c) Image of diffusion of G-HDI-HEA in methanol and standing for 12 hours; (d) Images of
0.01% monolayer graphene and G-HDI-HEA diffused in TMPTO and left to stand for 24 hours; (¢) Images of 0.01% mono-
layer graphene and G-HDI-HEA diffused in TMPTO and left to stand for 48 hours

& 9. (a) G-HDI-HEA £ DMF sh#] #{/55% & 12 h BIE{%; (b) G-HDI-HEA EZREPY HUEFHE 12h WER; (oG-
HDI-HEA fE BB #UE5E 12h ME1R; (d)0.01%EFEAEMEH G-HDI-HEA ¥ 87E TMPTO H/58%E& 24 h HI[E
1%&; () 0.01% B E A2 G-HDI-HEA ¥ 87 TMPTO /55 & 48 h BB

3.2.2. H145EEH G-HDI-HEA/TMPTO HYEEE{%:fE

JE I YRR EE A SR (NB/SH/T-0189) AR 1 HUBS sk BE M RE (% 1), MAKIERH %mmTMmo¢E
B BEHIE 0.01%0), BEEMERERE, B EARR/NL 25%, TPHEERECAE, Mnsoiba
A RBREEARIOR, BRI RIS, AN TR A SRS, A 0.01% G-HDI-HEA i, %BEE@@Z/J\%
82 2%, PR RECAA, BN BERE REUH/INA 10%, T DL BH Sk B 0 R 158 ) A0 JRE 4 R B, o) 344 it il g
a0 BE 1 R B A AR AR R AR

CAIRIRE VR A T B A 3075 (GO)FIIE i S8 A0 A 38475 (rGO), BT A7 S50 AL R S8 A A S0 3R
MEAERSTEEAT L, RYWRE KT TMPTO KIEEE, (HRS 8 G 1B BT H A2 A EE 5 R 500
AN, R B EOE B G .

Table 1. Friction properties of graphene/GO/rGO with different contents and modified graphene/GO/rGO
# 1. TR EAERRETEY Rt AERER TR

HR JE% 5 EL 4% mm L3 ¥ S QR FN)
TMPTO 0.540 0/0
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0.01%G/TMPTO 0.414 0/0.021
0.005%G/TMPTO 0.415 0/0.007
0.02%G/TMPTO ESiibus ESiibus
0.01%G-HDI-HEA/TMPTO 0.409 0/0.019
0.01%GO/TMPTO ESibus ESibus
0.01%GO-HDI-HEA/TMPTO 0.470 0/0.019
0.01%rGO/TMPTO ESibus ESibus
0.01%rGO-HDI-HEA/TMPTO 0.431 0/0.010

4. &g

AT I T A AT R S A SN B BT TR RS FH PRI A I 7R HDT A HEA 3 um =4, 4%
B BIF 280 B AT AR TH, 4 I Dh e Ak 5o A B2 9 TMPTO Al A3 8 i 78 7 o dd ik FTIR
XRD. TEM. Raman %53 E /3 HTiESE HDI-HEA N4 B4 S8 )@ 3R 10 o DU BREEER IS AL B B AR
JEE R R A 2 SN 0.01% M0 e A BRI K TMPTO i3 I BE BT B AR IR /N 27%, BEHE R B0/ 20 10%.
AT IE IS TR A B A v = ) (HDI-HEA) B A% A7 88 05 1 75125 1T DA =i 2808k 9 HDL B4~ NCO [A]
BN A R, AR T ARG BRI, A TMPTO Heffil 4 9 Hork e K1
s, EEPERE I RS .

ELmEB
T H 2239 im0 A A AR X FE4r) (No.2022TSYCLJ0055) % Bl .
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