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Synthesistechnology and tribological properties of borate of
ricinoleic acid diethanolamine
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Abstract: In order to develop environment-friendly lubricant additives, ricinoleic acid diethanolamide (RA)
was prepared using ricinoleic acid and diethanolamine by two-step synthesis method, and then reacted with
boric acid to syhthesize ricinoleic acid diethanolamide borate (RAB). The structures of RA and RAB were
characterized by FTIR. The tribological properties of RAB were investigated using rapeseed oil as base oil.
The optimal conditions for the synthesis of RA were obtained by single factor experiment as follows: in
acylation reaction, Nn(ricinoleic acid) : n(diethanolamine) =1.0 : 0.8, reaction time of 6 h and reaction
temperature of 150 °C. In aminolysis reaction: N(ricinoleic acid) : n(diethanolamine)=1.0 : 0.4, sodium
hydroxide dosage being 1% of the total mass of ricinoleic acid and diethanolamine, reaction temperature of
95 °C and reaction time of 3 h. Under these conditions, the yield of RA reached 88.10%. Under the
conditions of N(RA) : n(diethanolamine) =1.8 : 1.0, p-toluenesulfonic acid dosage being 1.5% of the total
mass of RA and boric acid, and the yield of RAB reached 92.78% at 140 °C for 100 min. Rapeseed oil
added with RAB formed a composite lubricating protective film containing B and N on the friction surface.
When the additive amount of RAB was 2% (based on the mass of rapeseed oil, the same below), the
maximum non-seizure load (Pg) of oil sample increased by 61% compared with that of rapeseed oil. While
the additive amount of RAB was 1%, the oil sample showed good friction protection performance.
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Fig. 8 Effect of catalyst dosage on esterification
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Table 4 Elemental composition of friction surface

TLE B N 0 c Fe
B EU%  1.87 0.73 9.11 3.38 84.91
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Fig. 16 XPS spectra of friction surface of steel ball
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6 h; Feff L n CERRIIIR ) n ( ZLBME ) =1 -
0.4, NaOH fH N 1%, 95 °C R 3 h, M
T RA 7233k 88.10%.

(2) UL RA FHBIER J skt X B 2R A R 4y 4 £k
A, £ n(RA) :n (WfR) =1.8 : 1, EFIHE
4 1.5%, 140 °CF )i 100 min ff, RAB F=%ik
92.78%.

(3) XTEERKIMAER . RA F1 RAB 1721 4ME1E R
fiE, 7F RA Fil RAB 3% & ¥ & Bk SE 7 C=0 Al
C—N 4R, 78 RAB %K &8 T B—O 4
TEMZ s i, BT RA F1 RAB A4

(4) ff FIVUEREEHEA GG ALY RAB FESEFF i
B R REIEA T T, S5 K 1, RAB INinE N
2%, Pgif%] 805 N, HLSEFFMISIN T 61%; RAB
IR 1%, BEBE AR R/, M 0.580 mm, L
AP T % 20.8%, FEEIERBUT M 32.4%; SEM 41
M, & RAB AUSZFFI I i, ANER EE 2 36 1 AL
IR, BRI I 3 -4 s EDS Fll XPS 43t B,
FEEfE R AR L T 2RS4k (FeO. Fe,O5 Fl Fe;0y)
il Fe—C AL AW . B.Os M A B HLYSE, X LLEEH
A2 7 5 BL Ay F 0 R B L T 2 2% i T AR
JEE, B R A EE SR AR R B

SE k-

[1] LIAO J X (BZJH), LU H (&¥%), DAI K X (#H#), e al.
Tribological properties of nitrogen-containing lubricant additives[J].
Journal of South China University of Technology (Natural Science
Edition) (#ERIEE T R4 HARBIAR ) | 2018, 46(7): 70-78.

[2] GUAN L (£4), ZHANG L Q (3K F1%), YAN Q B (IFJ 1), et al.
Research progress on preparation of novel lubricant additives and
properties of lubricating oils[J]. Bulletin of the Chinese Ceramic
Society (FEFREREHR), 2018, 37(5): 1632-1636.

[3] KARMAKAR G, GHOSH P, SHARMA B K, et al. Chemically
modifying vegetable oils to prepare green lubricants[J]. Lubricants,
2017, 5(4):44.

[4] GASNI D, CHANDRA D, PUTRA A A, et al. Effect of garlic oil as
lubricant additive into coconut and palm oils on the physical and
tribological properties[J]. IOP Conf Ser Mater Sci Eng, 2019, 602(1):
012068.

[5] DING L Q (THifF), LIM G (Z=#&[4), NIAN L L (:&FIF)), et al.
Research progress on preparation of lubricant additives from
vegetable oils[J]. Acta Petrolei Sinica (Petroleum Processing Section)

CAMZRCAIINT)) |, 2019, 35(2): 414-420.

[6] DING L Q (TTHiff), FENG H (1B%%), NIAN L L (&AIA), et al.
Research progress on synthesis of lubricating base oiland additives
based on vegetableoil[J]. Chinese Journal of Synthetic Chemistry (&
HAE2E), 2020, 28(10): 924-931.

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

LI W M (Z4ER), JIANG C (Z#),WANG X B (EI%), et al.
Preparation and tribological of vegetable oil based lubricating oil
additive[J]. Acta Petrolei Sinica (Petroleum Processing Section)
CAIMZSER(AINT)) |, 2015, 31(2): 468-475.
DING H'Y, YANG X H, XU L N, et al. Analysis and comparison of
tribological performance of fatty acid-based lubricant additives with
phosphorus and sulfur[J]. Journal of Bioresources and Bioproducts,
2020, 5(2): 134-142.
NING P, WANG L, WANG W Y, et al. Tribological studies on two
novel borate esters with nitrogen-containing heterocyclic and
alkanolamide as multifunctional additives in rapeseed oil[J]. Journal
of Dispersion Science and Technology, 2015, 37(5): 699-705.
JIN F J, YANG G B, PENG Y, et al. Preparation of borate ester and
evaluation of its tribological properties as an additive in different
base oils[J]. Lubrication Science, 2016, 28(8): 505-519.
FAN B J (#i?k#%). The synergistic effect of N-containing borate
ester and phosphate ester on tribological performances[D].
Shanghai : Shanghai Jiao Tong University (_- 1321 K2%), 2016.
ZHU M (KTh). Synthesis and performance of boric acid ester
containing N, S element[D].Daqing: Northeast Petroleum University
rAtAIHARE), 2016.
ZHANG G J GKEZ), YI S Z (K5Fi), ZHANG C X (FK/RIK),
et al. Preparation and tribological properties of phenyl borate ester
containing sulphur andnitrogen[J]. Fine Chemicals (4% 401k 1)),
2018, 35(11): 1956-1960.
JINDY (i KHE), HAO Y M (i 3:46), JIA X Q (BIIE5#). Study of
preparation of alkanolamide from waste oil[J]. Applied Chemical
Industry (W 4L T)), 2016, 45(2): 350-355.
LI L M (Z41), IANG W W (E3CfF), WANG T W (L&),
etal. Synthesis of fatty acid alkanolamide and evaluation of its
properties[J]. Fine Chemical Intermediates ({40 {L T.Hh[a]14), 2016,
46(6): 59-63.
ZHAO X H (#4/]N2T). Synthesis of rosin acid diethanolamide ether
carboxylate[J]. Journal of Forestry Engineering (Ffll#H4TF %),
2014, 28(3): 119-123.
ZHANG P(3k#), ZOU D W(4FTHE), LAN Y J(2 &%), e al.
Synthesis of 12-hydroxystearic acid diethanolamide[J]. China
Leather (1 K2 #5), 2016, 45(11): 41-44,47.
YUAN B (3£1#), YI S Z (K5F#), DU T 'Y (#1:K¥). Development
of twelve acid diethanolamide boric acid ester and its application in
semi-synthetic cutting fluid[J]. Lubrication Engineering (i1 5%
£, 2015, 40(12): 99-102.
LIU J (X %), SONG Y Y (K # ). Preparation of oleic
diethanolamide borate and its application in synthetic cutting fluid[J].
Chemical Engineer (fb2% TF2I), 2015, 29(12): 54-56,50.
YANG W Q (#7#%), CHEN B S (BRifK), FANG J H (), et
al. Synthesis of boric acid ester containing nitrogen from methyl
oleate and its tribological performance[J]. Acta Petrolei Sinica
(Petroleum Processing Section) (M=~ (AN T)] , 2016,
32(1): 82-87.
ZHU M (K1), WANG J (T%), TANG H Y(FEiFE), et al.
Synthesis and tribological properties of the hydroxyl derivatives
containing N and S[J]. Acta Petrolei Sinica (Petroleum Processing
Section) [HIMFIR(ATMMIT) ) , 2016, 32(4): 800-807.
JIN X (&), ZHAO C J (L 5%). Study on the performance of a
kind of sulfur-nitrogen heterocyclic borate as multifunctional additive
for grease[J]. Zhejiang Chemical Industry (#i714LT.), 2021, 52(9):
21-26.



