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Evonik Industries AG ]

More than
BVB!
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Evonik.

One of the
world’s leading
specialty
chemicals
companies.

EVOnNIK
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Let it flow. Resource-efficient lubricant additive solutions

The Oil Additives Business Line

Evonik’s oil additives products are designed for use in
automotive and industrial lubricants, hydraulic
fluids, fuels and in refinery processing. Evonik’s

. . «extensive wledge and experience comes from its
AVe "o |t|M@:@ p&aﬁﬁ] formulators, OEMs and end
users around the world, collaborating to deliver

solutions that enable improved fuel consumption and
reduced carbon emissions.

Collaborating for the future — Let it flow.
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Focus on fluids for industrial applications

Hydraulic Fluids

Stationary, e.g. Injection Molding Mobile, e.g. Excavators

Industrial Gear Oils

e.g. Wind Turbine Gearboxes

* Increasing demand for energy efficiency Growth in developing markets for

in plastics processing industry. construction and mining equipment

+ Simple monograde hydraulic fluids are « Conventional hydraulic fluids without
predominantly used. efficiency claims most common

» High potential to improve efficiency via » Very high potential to improve efficiency
process control and changes to the via changes to the hydraulic fluid

hydraulic fluid
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Growth in the wind power market has
triggered the demand for high
performance fluids

Equipment protection and extended oll
drain intervals are prevailing
requirements

Package technologies improve
efficiency
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Hydraulic fluids formulated with DYNAVIS®-technology broaden the

temperature window

An ISO 46 fluid formulated with DYNAVIS®
broadens the temperature operating window

DYNAVIS*

The ISO 46 fluid matches a standard
temperature operating window

A shift to an ISO 32 fluid formulated with DYNAVIS®
is assuring pump wear protection at high temperatures
and reduced hydromechanical losses

DYNAVIS®
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Looking for the best balance of hydro-mechanical and volumetric efficiency

Poor Volumetric
Efficiency

Volumetric Efficiency Ty

O Additives GmbH

Efficiency

Optimum Operating
Range

High frictional losses

—— Viscosity >
<— Temperature
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Viscometric view on monograde vs. high VI industrial oils

n
0,70
9rs . : .
(o/ Higher volumetric efficiency
O/'/

Viscosity

Better equipment protection due to
higher lubricant film strength at high
temperatures

I-Addiives-GmbH

High v o1

ISO Ev

Viscosity "
Grade !

Higher mechanical
efficiency due to

Fewer churning losses

Less friction

40°C Temperature
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Hydraulic fluids formulated with DYNAVIS® technology provide:

More for
less...

Sustainable increases in productivity and reductions in energy
consumption

Widened temperature operating window

vonik Oil Additives (GmbH

Increased pro n and extension
drain intervals

@ evonik
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Versified applications for industrial lubricants

— * Injection Molding
* Rubber/Tire

Manufacturing

!ﬁﬁb daiti ElevatorsG m b H

Mobile

: + Automated
machinery

Manipulators
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A closer look into Hydraulic fluids

Monograde Multigrade

0
ca. 1% AW Package ca. 1% AW Package

onik Oil Add

ca. 99% Base Oil

ca. 10%
Viscosity Index Improver

ca. 89 % Base Oll
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Market Overview Industrial Hydraulic Equipment
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The facts and figures of success

Practical tests have been carried out
in the following fields:

In-house tests at Evonik and at OEMs

= Construction machines and mining = Stationary industrial equipment

= Up to 30% lower energy consumption to complete the = Up to 10% energy savings in Injection Molding machines
same amount of work
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DYNAVIS® in the In-House Test
Injection Molding Machine

Performed by the Evonik R&D Department using a Krauss-Maffei injection molding machine

VI optimized fluid Reference fluid
3 temperatures were Low
tested :
for each fluid Mid
High

e EvoniKZiPAdditives GmbH
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Performance demonstration — En

e
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DYNAVIS® technology amplifies efficiency
in injection molding equipment
In today's Injection molding equipment marketplace, energy efficlency has become almost as important as high levels of technical
sophistication. With over 60,000 sold over the past quarter century, the “Victory” series of Injection molding machines manu-

factured by EngelIs an Industry “workhorse”. But even with Its smart design and energy efiiclent concepy, there's still room for
Improvement. Where, you ask. Is energy consumption!

nany Engel max “tle-barless  that B0 % of Engel machines are ordered with *Engel Ecodrive”
technology”, a barrler-free mold area design that provides speaks for Iiself.
ahost of benefis, Including a smaller machine footprint, faster

1ol changing greater flexibility and llimproved  Not surprisingly, the Engel Teamwas only 90 eager to meet
accessibllity, which facilitates the addition of other functonal with the DYNAVIS* Effictency Team to leamwhat a difference
elements such as robotics. As If these features werer't enough, a more efficient hydraulic fluld could make In tts already highly
Engel’s y dellvers low energy efficlent Injecion molding equipment.
low-friction, clampling pressure lock-In and an electro- hy draulic
control pump. An Initiative by Total and Engel:

Muttiple Hydraulic Fluid Tests

Aotal of six different hydraulic fluids were evaluated In
the testing. As previously nated, the Totl fluld featured
DYNAVIS® technology.

Inthe chiart below, two disdnce groups are Identiflable In terms
of their viscosty. The first four flulds demenstrated at 40 °C
values around theaverage of 33 mmés and the last awo, values
of approximately 48 mm?/s. The drive energy of the hydraulic
pump: basts for fluid's effclency.

Viscosity in mm?/s at 40 °C

The Test Subject: Engel Victary 330/120 Tech

The Engel Viceory was used to produce a polypropylene
panel within a cycle ime of 24.35 seconds at a shotof
38 grams. To create Idendcal st condidons, the oll
tempersture was a controlled 32°C.

Significant Differences in Drive Energy
Measurements were conducted over a perlod of twa hours to
obtain realisd c avera ge values. k became dear that the flulds
with lower viscoslty consumed less drive energy than the
two VG 46 olls tested. Amang all the lower-viscostey olls,
one oll stood out— the oll featuring DYMAVIS® tachnology,
achieving an Imprassive 6.17 percent In energy savings.

OF the remaining low-viscosity flulds, the best-parforming
could only achleve a savings of just under five percant.

PR —————

FACTS AND FIGURES

ENGELVICTORY 3307120 TECH
1.200kN

Conswnt purp and
ENGEL ecodrive sevamator

Pump dive

FOTAL EQUWVIS HEZ2

The DYNAVIS® technology Advantage
Qver 6% in Drive Energy Savings

It comes as no surprise that fluids, which are essler to pump
require less drive energy than Alulds that are more viscous.

However, It Isvary Impressive that the DYNAVIS™- formulated
fluid parforms significantly better compared with fluids in the
same viscosity category. b saves tha most energy.
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The Best Formula Wins: The Secret Behind DYNAVIS
Asa result of a higher viscosity index, DY NAVIS® flulds
retaln more viscosity when they heat up compared o other
flulds, Consequently, they are dassifled as one, or passibly
w0 ISOVG classifications below the fluids spacifiad by the
machine - In addition, fluids with
DYNAVIS* technology do not heat up as much as comven-
+ionz| fluids.

DYNAVIS*formulated flulds also exhibit excellent shear
stabllity charactarlstics, even aiter long periods of continuous
operation. The hydraulic flud formulated with DYNAVIS®
technelogy relizbly maintined equipment durability, with

10 evidence whatsoever of abnormal wear.

Engel Victory: Designed for Energy Efficiency
Firstly Engel states that i Victory serles saves up to 70 % of
the di 0y equip-
ment. Secondly, the Victory design renders oll cooling practically
obsolete, which means that Engel equipment can operate

h y g comp jpon which the
majority of compedtive equipment relles. With Its “Engel eco-
drive?, the company optimizes equipment efilclency. The fact

»Dynavis

More Power « Less Fuel

The hydraulic oll spectalists from the Total energy company
learned about the testing undenway by the DYNAVIS® Eff-

clency Team using Viscoslty Index (V1)-optmized hydraullc
fluld on other Injecton molding equipment.

They decided to analyze the potential of TOTAL EQUIVIS HE
hydraullc fluld featuring DYNAVIS® technology. Thanks 1o an
already well-established relationship with Engel, the tests
were arranged In no tme.

JUST BY CHANGING
YOUR HYDRAULIC FLUID

DYNAVIS* 53 brand of Bvorik
or ona of Is subskdiares.

W we W oW B owm omowom

ate
Where to find lydraulic fluids formulated with

.
DYNAVIS* technology? Visit dynavis.com :. Dynavls
tge

More Power - Less Fuel

Increased energy efficiency for injection molding machines with DYNAVIS® Technology

FACTS AND FIGURES

Machine ENGEL VICTORY 330/120 TECH
Clamping force

Constant pump and

Pump drive EMNGEL ecodrive servomotor

OTAL EQUINVIS HE32
with DYNAVIS®
Technology

Drive enerav consumotion 1.7778 KWh/h | 1.6681 KWh/h

Drive energy savings effect
at a constant 32 °C
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Performance demonstration, BOY Injection Molding Machines

19

Hydraulic fluid formulated with DYNAVIS®

technology makes injection molding machines

more efficient!

The plastics Industry Is partculady compedtive. BOY Injection molding machines offer a genulne competitve edge In this
context. They operate with high degrees of accuracy, rellability and are also extraordinarlly cost-eficlent. This Is In large part
due to the ourstanding energy efficlency of BOY machines. However the search for additional savings potential continues. One
highly promising new area of Inquiry that had previously not been taken Into accounts the replacement of the standard hydraulic
fluld used In BOY machines with a fluid formulated with DYNAVIS® technology.

Up to now, the hydraullc flulds used In BOY Injection molding
equipment met all demands In terms of and com-

The viscosky of a hydraulc flud can b s crudal facor in
Fluids formulated

patibllity. The fact that more suktable, customtzed fluids could
generate significant energy-savings had previously not been
known, and, of course, had not been verified with testing on
BOY equipment.

The DYNAVIS® Eficlency Team contacted Boy, and soon after,
an Inaugural test was launched.

Dynavis

More Power * Less Fuel

with DYNAVIS® technology optmize viscostey In twoways:
atlow temperatures, dhey ae more fud,30d st high tempers-
tures, they
flulds. And It ralses the question, "What, If anything, does this
optimized viscoslty bring about In terms of the energy con-
sumption of Injection molding equipment?* BOY Injection
molding equipment already enjoys a reputation for being
highly optimized In terms of energy consumpton. Could
additional savings be In the cards?

JUST BY CHANGING
YOUR HYDRAULIC FLUID

DYNAVIS® 15 3 brand of Bvorik
or cna of Its subsidrtes.

A Fundamental De dsion in Favor of Mere Efficency
¥a better hydraulc fluld saves energy, this constutes a simple

FACTS AND FIGURES

153 anvwal savings of apprimanly €400,

and slmast cost-neutral aption for all hydraullc p
systems 1 Increaise thelr efficlency: smply replace the old
hydraulic flulds with new ones. BOY provided the maching
Evonlk the fluld - tests could begin.

One Machine. Two Fluids, Two Cycles.

Three Temparstu

achine
kN Bne 25t o
EcanPlast =g th

R & o

ssure, prassure during supply and =
hydmul\cmmrind the ejactor, as well 25 the pump spesd
were recorded and analyzed.

The Path to 2 Customized BOY Hydraulic Fluid
A5 a first step In the benchmark +est, commerdially avallabla
flulds for DYNAVIS® logy were tested and
analyzed. Subsequently, a customized version was developed
thatwas adapted o the unique conditions In BOY hydraulic
equipment. This version has besn exclusively licensed t BOY
and has been analyzed and labelled as BOY EconFluid in the
power-temperature graph on the right.

Savings Effect: BOY EconFluid Meets High Demands

The energy consumption of the drive was significantly reduced
by using opdmized oil. At some stages, savings of over 10%
were achleved with BOY EconFluld. Even at the lowest lavels,
the savings totaled 7%.

Temperature Effect: BOY EconFluid Remains Cooler

It also became clear that BOY EconFluid remalns significanthy
cooler during operation, which reduces energy demands for
oll cooling. This effect was not taken Into account dunng
measurements and i has consequantly not been Integrated
Inta the current energy savings effect.

Where to find hydraulic fluids formulatad with
DYNAVIS® technology? Visit dynavis.com

Increased energy efficiency for injection molding machines with DYNAVIS® Technology
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DYNAVIS® Technolegy Fluid alse Scored High in Tuned

Injection Melding Machines
As mentloned above, the test machine featured EconPlast
A host of d to boost the

eficency, such 1 the Instalaton of rger hoses affxed to the
ydraulic motor.

As aresult, In this case the enargy-saving DYNAVIS® tachno-
logy effectwas not as Impressive s with comentional Injection
molding equipment. Nevertheless, the energy-saving contri-
bution of DYNAVIS® technology was still notceable. And, as
yet &0 be quaneiied, are xtended length of Auld raplacement
Intervals. The replacement Intervals are expected to be 1.5
imes longer for the EconFluid formulated with DYNAVIS®
technology than for monograde hy draulic fluids.

R

. Dynavis

® %" More Power - Less Fuel

FACTS AND FIGURES

Machine

Pump drive

Energy consumption/ operating cycle
(d= p<nding on the tem pn:r]turf::l

eS Energy cansumption/ operating cycle

(depending on the 'rt-rnpn:raturelh.'.-rrh 1.60-1.8
equipment

1.96-2.22 KW | 1.78 -2.07 KW

KW 1.55-1.3 kW
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Performance demonstrations summary

Equipment Energy savings Hydraulic Fluid
' %
(I;II::;I)( %rih?ﬂ?}gklﬂ 4,2% 2 ~ Extended operating window
T=44°D ":;‘ | S
w
3
Krauss Maffei KM 80 CX SP 380 4-5 9 g%
Clamp force: 800 kN ;’

e Evonik Qjl Addithy

Engel Victory
Clamp force: 1200 kN BERERRREY
T=132°C A6 o

32 I R, - = = e |

Boy 35 E 7-10 %
Clamp force: 350 kN 7
T=27-44°C

Haitian MA10000 I 11 %
Clamp force: 10000 kN
T=49+2°C Temperature 40°C  100°C

20 Increased energy efficiency for injection molding machines with DYNAVIS® Technology @ EVU n I K

POWER TO CREATE



Test results led to the idea to create a performance

DYNAVIS® standard which helps the equipment owner to
Performance identify energy efficient hydraulic fluids formulated

Standard with the DYNAVIS® technology

onik Oil Additives GmbH
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Extract of the DYNAVIS® performance standard

Performance Requirement Comments Units Limit
ISO Viscosity Grade New Oil HVLP ISO VG 32
Viscosity Index New Oil HVLP -
| | : . | | | | | | .

) E VO N Mk kviboctel ifdaie s (oo b H

Shear Stability bench tests, predicts operating S >5.9
viscosity in the pump (cSY)

Guaranteed Energy Savings vs. Hydraulic monograde fluid, %
- Denison T6C Vane Pump same ISO VG, VI=100

* Guaranteed energy savings with ISO VG 46 > 5%

22 Increased energy efficiency for injection molding machines with DYNAVIS® Technology

Limit Limit
46 68

> 160

>7.5 >10.0

>3.5 *
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Summary
More for less...

Hydraulic fluids formulated Performance Efficiency
with DYNAVIS® technology
provide:

Top tier multigrade

High tier monograde fluids DYNAVIS®
fluids

= Sustainable increases in

productivity and reductionﬁ VO

energy consumption :

= Extended temperature Conventional monograde Conventional multigrade
operating window fluids fluids
VI ~100 VI ~ 140

Selection of addltlannd base oils

—

= Improved protection and Viscosity Index = Width of Temperature Operating Window

extension of oil drain intervals

. @ evonik
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What’s next?

= Extend focus of plastic injection molding to other industrial hydraulic applications,
e.g. hydraulic presses, elevators etc.

= Projects with Oil formulators and OEMs in the area of industrial hydraulic

Evonik Oil Additives GmbH

= Work with end users to quantify the reduction of total cost of ownership
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