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FATORES CHAVES

e As graxas de base bioldgica sao um segmento de mercado muito pequeno,
mas crescente.

e As preocupacoes ambientais e a conformidade regulatoria sao a principal
motivacao para o uso de graxas de base bioldgica.

e O diferencial de desempenho e preco entre graxas de base biologica e
minerais esta diminuindo.
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PRINGIPAIS FALHAS
DA INDUSTRIA METAL MECANICA

B - mm
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A relacdo carga / lubrificante vem aumentando

DESGASTE

A maioria dos elementos de
maquina falharam devido ao
excesso de desgaste.

LUBRIFICAGAO

Reducao dos intervalos de
trocas dos lubrificantes
usados devido a degradacgao
acelerada.
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POLUICAC

Emissao de gases de efeito
estufa (GEE) aumentando a
temperatura do planeta e
prejudicando a qualidade do ar

CONTAMINACAO

do solo e da dgua devido a
vazamentos ou descarte
incorreto de lubrificante usado



PRINGIPAIS COMPONENTES DA GRAXA

Base 0il

hydrocarbons

triglyceride oil

diesters and polyal
esters

palyglycals (2.q.,
polyethylene glycal,
polypropylene glycol)

Disadvantages

non-renewable feedstock, toxicity,
environmental damage, price and
supply fluctuations

thermal and oxidative instability,
cost

diesters can degrade elastomer
seals, high cost for polyol esters

can degrade seals, paints

poly-alpha-olefin
(PAD) oils

high-viscosity forms have varying
degrees of biodegradability

~ 75% de 6leo basico

C ke | Diatanes |

simple soap (9.,
lithium ar aluminump

limited temperature and
performance range; can
stiffen after extended use

complex soap (commanly
based on lithium, aluminum,
or calcium sulfonate)

organo-clay
polyurea

&3

fumid zilica

can be water-sensitive; may
harden if overheated

may form residues in the
hausing after extended use;
incompatible with mast other
grease types

difficult to manufacture; toxic
ingredients; some types are
incompatible with mest cther
Qreases

Additive

Zn dialkyl dithiophosphates
(ZDDP); Mo, b, or Pb dialkyl
dithiocarbamates (DTC); Pb
naphthenate

Bi naphthenate

Disadvantages

toxicity, environmental
effects, can accumulate
in mechanisms and cause
wear

active sulfur co-EP agents
Can Increase wear scarring
at high speads

polar additives can disrupt the
silica particle netwaork

~ 20% de espessantes

MoS,, graphite

dodecylene succinic acid
and other succinate
derivatives

particles can accumulate
in compenents and cause
wear

not as effective in
preventing corrosion on
cast iron or lead

5a 10% de aditivos




OLEOS DE BASE VEGETAL

H = C- O (liquido polar)

Functional groups and polarity T
+ Viscosity

+ Tribofilm adhesion

X Pour point (increase)

Numbers of branching T

 Load-carrying capacity
v Pour point (decrease)

X Thermo-oxidative stability

—

Non-polar group

X Chemical wear

e

Glicerol
C3H803

Saturados (C16:0, C18:0) ® Monoinsaturado (C18:1) © Poliinsaturados (C18:2, C18:3)

100% -
90%

80%
70%

T
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Carbon chain length T

+ Viscosity

+ Viscosity index

X Pour point (except for molecules with steric hindrance)
X Oxidative stability

v Oxidative stability
v Thermal stability Degree of unsaturation T
X Tribofilm adhesion  Pour point {decrease)

X Tribofilm adhesion

X Oxidative stability
] X Thermal stability

? Acidos Graxos

v Pros
X Cons
R carbon chain




A EVOLUGAO DOS ADITIVOS

Nanoparticles
as additives

Environmental Conformity

Lubrication Performance

vironmentally Acceptable Lubricant

nanoparticles |

polymer FMs = |

soluble moly FMs| |
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TRI BU FI LM E ZD D P u (A) superficie original iniciando acdo triboldgica

= A s -0 " .
v (-i? ) Hydrocarbon-rich layer
Vi S C.efk
Organic Fe, FeO ~ s . ’ .
Glassy radicals FeS (B) adsorgao quimica ocorrendo na superficie

K Eoé}fgoéigaw increasing increasing

Inorganic layer

i .".,. N _ ! -' : : , { : 4 Iron sulphide
_ = Fedaagr il et andfor oxides
(C) reagao formando tribofilme devido a agao triboldgica
Iron/steel substrate

(D) acao continua de crescimento do tribofilme

(E) diferenca de potencial iniciando corrosao da superficie

(F) delaminacdo do tribofilme através de fadiga superficial

geragao de

“Sera que o ZDDP, nunca sera substituido?” fragmentos para
Tribology & Lubrication Technology (Jan/2022) o tribosistema k
Garcia, 2014
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LUBRIFICANTES SOLIDOS

Revestimentos Superficials

BUCK

N Lamelares
Egpessura da camada (profundidade Micro fissuras) ’
Polimeros
. Cr Comp Mo Nltret\ M eta |S
Tratamento Superficial (A1O,) (Cr,Cy)

(MoC)

a

Sais metadlicos (ZDDP, WS2)

A

Copolimeros, silicones, PMMA

Oxidos

Desgaste do anel E
Desgaste do cilindro

Resisténcia ao Scuffing
Durabilidade

SIMPLES HIBRIDOS

Compositos

NTC  —
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Controle de éleo
Controle de emissdes
Controle de Blow by
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CONCEITOS DE NANOTECNOLOGIA

Volume

Humano

i

Hueso

Pelo
Células
Bacterias e
Proteinas Nanoparticulas :::.. , #
e.g Insulina r' ’ <

Ibuprofeno a

pm

! rticulas metdlicas
(Oro, éxido de hierro, etc)

Nanoparticulas

Dimensdes
‘ 1D
HH 0
L 3D

Aumento da area superficial

< botton/up
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(processo de sintese) top/down >

I ci st }j
Clustenng Ball beanng cffect
. ¥
mtarfacial Layr ~~ Nanolubricant  Thisd body mechanism
Kotia,2018
. . Menos estaveis
= | Atomos
20 | isolados
)
e
-l

. . Mais estaveis

Atomos
ligados




APLICAGOES DE NANO FLUIDOS

Automation and
Safety and Security Tea l'mdl.lr:hm
Mobile 5% nsport ENEINCCTIng
0% 14%

Communication
1%

1% 1% Saxena,2018
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REGIMES DE LUBRIFIGAGAO

Additives lain be
important here plain bearings
- - ! skirt 7 -
piston rings - ?1
valve frain '\ .
E -: '
7]
9
Motor ;g Viscosity
o important here
[ = [
% Srmsiyfe  PRANG R s,
L boundary | mixed ‘ Fluud film (HD, EHD:I
Oil Film Thickness/Roughness ]
Garcia, 2019
o  Hertzian EHL pressure distribution
bl B pressure
ﬁ g distribution % EHL temperature distribution
a +.
ilE
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Wldth of Hertzian
con act area
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Engrenagem / /‘\Mang 2007

EHL film thickness distribution

Coeficiente de Atrito

Misto e EHD

| l
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Cho, 1997 ' A=1la3 j

et

131. Nnimn LLIT]



MECANISMOS DE DESGASTE

— T — e — — e —

Wear Loss

(a)

Run-in———Time or Distance

Wear Loss

Time or Distance
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Zum Gahr, 1987

normal force

cracking

plastic
deformation

o

tangential
force

_‘\-—m

heating

bl

% Energy dissipation

Etotal = u. Fn. V

l':} Wear

Abere, 2017

Deformacao plastica superficial




Rolling Protecting

effect effect
J mesh
I bearing film
100 ' % w
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EXPERIMENTOS COM BIO GRAXA

formulations of multipurpose grease with lithium stearate.and oleato.

Serial Component Form. 1 Form. 2 Form.3 Form.4 Form.5
Number
1 Jatropha base oil 06 635 94 63.5 935
2 Lithium Stearate 3 3 5 5 5.5
3 Additive 1 1.5 1 1.5 1
(zDDP)

2500 — Weld |Oad ‘-'5—_
IP-239 ]

2000
E 1.2 H
E 4
=z Z 1.0 o
o 1500 = 1
2 % 0.8
> & ]
= 1000 E 0.6 -
= J
0.4 -

500
0.2 -

Formula &

Form ulai FormulaZ Formula 3 Formula £ Formula 5 Formula B Formuala 7

Farmulaltian

*Jatropha, dleo vegetal ndo comestivel conhecido como pinhdo manso

0.0 Illilp
Formula 1 Formula 3 Fo

Form.6 Form.7 Form.§

93.5 90 B
- - 91
Lithium oleato 5 5 4
1.5 5 s

Wear scar
ASTM D2266

¥ 1
rmiula 4 Formuwla 5 Formula B Formula 7 Formula B

orm ula 2

Formulatian

Nagendramma, 2015



EFEITOS TRIBOLOGICOS DOS NANOADITIVOS

Graxa de complexo de aluminio de qualidade alimentar

—

NLGI 2 food
safe grease

Same
+5% WS,

Tribological characteristics

Same
+5% IF-W§S;

Four ball wear, mm

0.59 0.39 0.45
~ (ASTM D 2266)
Suplementagao — Four ball weld. k
“OUr Dall we g2
S 315 670 540
(ASTM D 2596)
Timken OK load, kg .
- (ASTM D 2509) '8 30 > Zhmud, 2013
)’ (b} (7 :
o rh it rh ob b Hybrid
R Pfi- ~I~ —1— '_:Es-
< < | =
4 m 2 = ’_I—‘ |+‘ Gong, 2021
i : 3 : g " y s 7 " 'D'zla'lj'.h
nirne-PTFE
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EXPERIMENTOS NANOSTAR

. . 3
014 Base stock oils * Garcia 2022
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0 FUTURO DAS BIO GRAXAS

Lubricant Base il

Ratio of EAL cost to
Conventional Mineral (il
Lubricant Cost

Mineral Onl

|

Vegetable Oils

1.2

Synthetic Esters

2to3

Polyalkylene Glycols

2to 3

https://www3.epa.gov/npdes/pubs/vgp_environmentally_acceptable_lubricants.pdf

* As regulamentacdes ambientais continuarao impulsionando a mudanca
para produtos de base biolégica, assim como aumentara a procura por

aditivos mais compativeis.

* Novos oleos basicos poderao entrar em jogo, utilizando dleos de plantas
exoticas ou algas, ou ainda misturas de o6leos de base bioldgica com

O6leos minerais e sintéticos.

e As flutuacdes nos precos do petrdleo e os dleos de base bioldgica com
melhor desempenho irao acrescentar mais incentivos para tornar a

graxa ecologico.



MERCADO GLOBAL DE BIOLUBRIFIGANTES

Europe 28%

Asia 9%

South
America 9%

Worth America 49%

Sources Kline i Comparry, July 2020, Bino-Lubricants; Marke: Analysis and Opportunities
Lubesnhreases com

BlIOLubrificantes
Mundo USS 3,5 BM
Brasil USS 206 MM

GMR Analisys 2023

Greases 3%
IT/AT 1% ~

Automaotive engine oils 5%

Chainsaw oils 6%

Demand Other industrial-a 3%
by Product

MWFs 19%

Transformer oils 10%

Hydraulic fluids 41%

Automotive Engine Oils

Transmission Fluids

Hydraulic Oils
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