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Fig. 1 Main structural types of hydrocarbon oils.
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Table 1 Major manufacturers and commercial products of mPAO 2.

Producer Country/region Trade name Viscosity grades (cSt)
ExxonMobil USA SpectraSyn Elite 65, 150, 300
ChevronPhillips USA Synfluid 65, 100, 150
INOES Europe Durasyn 50, 69, 98, 134, 170
Lanxess Europe Synton 40, 100
Sinopec Maoming China - 20, 40, 50, 65, 100, 150, 300
Apalene Technology China Apasyn 2-1000
Lu’an Carbon-One Chemical China - 4-10, 40, 100, 150

2 The information is collected and cross verified from various open sources including official webpages of the producers.
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Table 2 Chemical shifts in "*C-NMR for different
configurations of polyalpha-olefin monomer units('?],

Triad Pentad 0 Integral range
mm mmmm 35.40 35.50-35.35
mmmr 35.24 35.35-35.09

rmmr 35.04 35.09-34.96

mr mmit 34.86 34.96-34.75
mmrm/rmrr 34.68 34.75-34.56

rmrm 34.52 34.56-34.40

T rrr 34.30 34.40-34.29
rrrm 34.19 34.29-34.08

mrrm 34.03 34.08-33.71
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Fig. 2 (a) Structures of rac- and meso-Et(1-Ind).ZrCl>; (b) C,-symmetric metallocenes with isotactic selectivity (site control)

(Reprinted with the permission from Ref. [26]; Copyright (2000) American Chemical Society).
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Fig. 4 C,-symmetric metallocenes with syndiotactic
selectivity (site control) (Reprinted with the permission from
Ref. [26]; Copyright (2000) American Chemical Society).
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Fig. 5 Regioselectivity in a-olefin polymerization.

Table 3 Chemical Shifts in 'H-NMR for different end
group structures of polyalpha-olefinst4,

Chain ends types 0 Number of protons
Vinyl 5.7-5.9 1
4.8-53 2
Vinylene 5.3-5.6 2
Trisubstituted Olefin 4.8-5.3 1
Vinylidene 4.6-4.8 2
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Fig. 6 The formation pathways of different end groups in polyalpha-olefins.
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Fig. 7 Pseudotransition states of different monomer orientations in a primary polypropene growing chain (C,-symmetric rac-
Me,Si(2-Me-1-Ind), ligand) (Reprinted with the permission from Ref. [26]; Copyright (2000) American Chemical Society).
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Fig. 8 Pseudotransition states of different monomer orientations in a primary polypropene growing chain (C,-symmetric rac-
Me,Si(4,7-Me,-1-Ind), ligand) (Reprinted with the permission from Ref. [26]; Copyright (2000) American Chemical Society).
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Fig. 9 Structures of non-bridged zirconocene catalysts(!].

Table 4 Zirconocene-catalyzed oligomerization of 1-hexene at Alyyao.12/Zr=10. Reaction time: 4 h, 60 °C, bulk!.

GC data, mass fraction of oligomers in

Mass fraction of components, approximated for 100%

Cat. Conv. the reaction mixture after 4 h, for P;: conversion
2 3 4 5 Dimer P, 3-5 oligomers 2-Alkenes/alkanes  Residue

1 97 79.7 10.1 1.5 0.3 81.8 12.2 3.4/About 2 About 1
2 85 29.8 12.7 9.3 8.3 35.1 35.7 7.2/About 2 About 20
3 16 6.4 24 1.4 1.0 10.0 30.1 8.8/About 2 About 19
4 92 324 16.0 8.1 42 35.2 30.8 1.2/About 2 About 31
5 72 5.4 7.1 7.7 9.8 7.5 342 1.4/About 2 About 55
6 <2 - - - - - - - -
7 95 21.3 13.7 9.2 7.8 224 323 4.6/About 2 About 39
8 Polymer (atactic); M,=2140 Da, D=1.82




M,=2100 Da M,=3000 Da M,=5700 Da M,=6800 Da
b=1.82 b=2.19 b=224 b=2.42
S
@ =) >
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> &5 o s
MeO Ol
M =9100 Da M, =28600 Da M, up to 140000 Da
b=2.83 b=2.12 b=2.01

Fig. 10 1-Hexene conversions and molecular weights of polymers obtained using different zirconocene catalysts*’].
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Table 5 The relationship between the kinematic viscosity of PAO and its molecular structural parameters.

Structural Parameters Quantitative Relationship References
ACN, ABN KV, (cSt) = (ACN)*3 x (ABN)?? [58]
KV g (cSt) = (ACN)*? x (ABN)"3
M, Poly(1-hexene), M,, (Da) =410.31 x KV o (cSt)*477 [30]
Poly(1-decene), M,, (Da) =410.31 x KV, (cSt)*-60434
M, KV, (¢St) = 1.09 x 107 M, (Da)>” [59]

KV 00 (cSt) = 6.4 x 1075 M, (Da)!8!
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Fig. 11 Molecular structure diagram of the mPAO!.

Lopez-Barron 55600 % F IG5 A A oK 701
WG T — RIS FEA 9 T RIZREY
FTWEIT 7 HAOR S SR VAT NI R R X R
F 53 W R GV B SCEE 7y 1 B Il T aPP (I 5
MeEsyrE, BTIAESERR. EERAEY. D
XSG S TR SRR, IR TS 3
BEK RGN, 47 SRS S BE (R PR () 3
K, HHEER) ARG K, 1557 8 1)
AR, HEAEFHEES, FEE R
AN, AR ECR RS, B L AR T R R R
ik — B R ERC, 24, > 1.4 nm i,
I3 T IR EER R (Gpp) B T ARE , LI R 3 Bk
AR BN, 5 EBERFETCR.

22 FimEeE

R RE SV R R R AR L —, A
CLEH BT AR A (VI R &, VMBS, KA
TP 2R R AR A R i R )S, BRI 1 R



10 =t

n T

Fok

o, XRS5 S T4WE 5%
IR AR,

Kioupis 51496318 it 43 50 J) 2 AU = Fh
ANE G5 K ) PAO [A] 73 i AR (R % 234k
) (B2 MR AR TERE R IR AT . &5 kW], F%
I 1 45 46 1) S A RE FE BB 0% 98 55 PAO 52 5
WA, EDREEEFRECE & . b, BIES
PRI S 194 i) PR A8 K T Sife L v VB AR AT A
e, PERERINERA: MM nFREFE
() VIEAE A s 3R e, (R RE R, It
ANIEAAE AN AT

M
W —_— =
PN
1-hexene Star C18
O~
o~ e =
AN
1-hexene Highly branched C18
4\/+\/
P —_— n-Cig =
PN
1-hexene Linear C18
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Review

Structure-Property Relationships of Metallocene Polyalphaolefin: From the

Molecular Structure of Catalysts to the Performance of Base Qils

Yu-fei Qin!, Jian Xu2, Yu-lian Li!, Lin Liu!, Xin-yue Liu!, Yu-fei Bian!, Jiu-sheng Li?", Pei-gian Yu!,
Rong-juan Cong!, Lin-feng Chen!, Yue Yu'*
(!National Institute of Clean-and-Low-Carbon Energy, CHN Energy Investment Group, Beijing 102211)
(?Laboratory of Advanced Lubricating Materials, Shanghai Advanced Research Institute,
Chinese Academy of Sciences, Shanghai 201210)

Abstract This review comprehensively investigates how the molecular structures of metallocene catalysts govern
the molecular structures of polyalphaolefins (PAOs), focusing on stereoregularity, regioregularity, and molecular
weight. It also elucidates the critical relationship between PAO molecular structures and their performance
properties. Specifically, it analyzes how key molecular parameters—including branch length, branch number,
molecular weight, and stereochemistry—influence essential performance of base oil such as viscosity, viscosity
index, pour point, crystallizability, shear stability, and tribological behavior. By synthesizing these structure-
property-performance relationships, this article establishes a systematic framework for understanding the mPAO-
based lubricants and serves as a foundational reference for developing high-performance mPAO-based lubricants.
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