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" Fortune 500 specialty materials
company with 2017 revenue
of ~$9.5B

® Global manufacturer and
marketer of advanced materials
and specialty additives
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" Four business segments
" Global team of ~14,500

" Serving customers in
>100 countries

A global industry leader
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Today’s Discussion

A) Use of Amines in Metalworking Fluids
B) Benefits of Alkanolamines

C) The Synergex Product Line

D) Synergex and Biostability

E) Synergex and Emulsion Stability

) Synergex LA

(5) Conclusion
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" Amines are soluble bases that are:
* Less corrosive than an inorganic base
* Compatible with O/W and W/O emulsions

Amines are necessary to adjust the pH of
functional fluids.
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Amine choice is a formulator’s

decision.
Examples of amines
S SNH, /\N/\ /\|}|/\
H CH;
Primary Secondary Tertiary
1° 2° 3°

A) Hydrophobic versus hydrophilic o~ AN Monoethanolamine

B) Volatile (odorous) versus non-VOC

: . Ho NH~_~oH Diethanolamine
C) Alkanolamine versus alkylamine

D) Multifunctional (e.g., corrosion inhibitor) versus HO/\/(I:H\S/\OH N-Methyldiethanolamine
pH only
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What are the ideal properties of an

amine?
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Alkanolamines provide good base strength
and capacity at a reasonable cost with low
VOC contribution and low odor.






. EASTMAN
N-alkyl alkanolamines (AAAS)

R=C1-C38



The Synergex product line

" Synergex—excellent supplementary biostability, low volatility and
odor, good corrosion inhibition, colloid stabilization

" Synergex T—good supplementary biostability, tertiary amine, very
low volatility and odor, colloid stabilization

" Synergex LA—capable DCHA replacement that pairs well with
lower-MW primary alkanolamines such as MEA and MIPA

EASTMAN
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 Amine | MW | EW | pKa |mgKoWg|HB| _ BP
S ar 161.24 161.24 8.9 347 12 285°C (normal)
Synergex 117.19 117.19 9.7 478 10  200°C (normal)
SIECEY W 17330 173.30 103 324 6  230°C (normal)

MDEA 119.16 119.16 8.8 471 17  247°C (normal)

MW = molecular weight (g/mole)

EW = equivalent weight (g per equivalent of amine)

pKa = negative log of the equilibrium constant for dissociation of the protonated amine (water, RT)

mg KOH/g = mass of KOH with same number of moles as 1 gram of the amine

HLB = calculated floor function of {60/MW} x 20 for monoethoxylate and {104/MW} x 20 for diethoxylate
BP = boiling point; normal designates a pressure of 1 atmosphere
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Fluid user and formulator—Working
together to optimize biostability

Emulsion fluid

100 SUS oil

60% sulfonated oil
DEA fatty acid amide
Tall oil fatty acid
BASF 17R4

Triethanolamine (85%)

Alkanolamine
Water

72 g/kg
72 g/kg
72 g/kg
72 g/kg
24 g/kg
100 g/kg

40 g/kg

Balance

EASTMAN

Add biocide.

— Keep fluid clean.

Optimize formula.




Corrosion Inhibitors as
Preservatives for Metalworking
Fluids — Ethanolamines

E O. BENNETT (Nembe, ASLE)
Unéversity of Houston
Houston, Texes 77004

Fiftr-nine wonoelaenamines, dirthanadamines sud ricthe-
walnmmes wree duded for their autimaerdenl ppertics i 17
ouiting flaid produc's. !t was found that 24N armyl) rihand
amine exhibated autstanding actnity in al of e provucts. Giher
compounds prodieing ignificant inkibition of mierelvil groh
ncludedt N-methyl etawolamine, N-ctbyd ethanolamine, N-ind
cthandlamine,  2{N-mekslN-beptyl) cthanslamine,  2.cycion
Aexrl cthavlamine, aud N.Bemsst eohansdmine,

INTRODUCTION

In recent years, lubrication engineers have been con-
fronted with the prablem of increasing cous relied 1o he

L pr I, maint . and daposal of
miahorsing Muids. At 3¢ same time, they have had 1o
cope with incremig resinicons perainieg 10 1he use of
presenvatives in thewe producs,

B wauM be of comuderable advantage if 2 coxilant could
Be formulated with an ingredient which has several differ.
ent functions in egards 10 metalwarking while, at the same
time, exhibiting antimicrobial properiies 16 provide panial
or complete rancidity control. In this way, it might be possi-
bie 1o panially coatrol increasing coss of these lubricants s
well & provicing increased fife under industrial conditins.

Antianirobial agents and corrosion inhibitors constitice
twe imporaca ingredicats of mewworking Tuids which
commanly are depleted fasier than the other components
of the produxts. Quite ofte both of these materialy must be
adéed 10 3 coolant 21 veriofic intervals in orler 10 compen
saic for their loss from the cootants.

Presenvatives are removed from the fluid a3 the ckemials
zombine with the niicrobes to bring aboul their ahubiton br
deah. The gresier 1he microbial population, the more

they arc lost fium ihe sysem, Thus. the concentra-
dan of any praerarive declincs with time and may be re
duced 10 subinhilitrry levels =1 only 3 few wecks.

Rustinkibitors have an ability 10 shusrb to metal surfaces.
They usually cast the me1l being worked as well ac the sur.
e of the machine and circultion sysem. They sometimes
ev€ prevent the coating of metals with the oily commanly
enenuntered ‘n cutling Muds (7). Thus. the concentration

: 30 AN 2 52 ™
R

of the sus inhiditee in 2 cutting fuid alo dedines wich fime
M it swmoved fium the sysiem an the incral pans being
warked.

[t would be wonhwhile then o scarch for «hemicals
Which @an function boch 3 eomoson inhibitar ss well s
antimicrobial agents. The deveopment of such chemicals
rould 3bo have the sdded advantage of allowing the dis.
continuance of nitrites in metalworking Nuids as corrosion
inhibitors.

Niirftes have a2 aumber of dsadvartages when used in
these lubricants, They caa be toxic (0 Aumans as they may
produce ancmia and lower biood pressure (2). They may
combine with secondary amines (0 prodice nitrosoarm nes
which hane carrincgenic propertica 0. It hua alreacy teen
nated that 2 grinding Muid conaining rethanolamine and
nilrite may also contain mitroscamines (4. It i alws known
that same of the arganisms mmonly found in e ¢
4ns an produce nitrosoaming from secondary smines
nd nitrice (). The practical imaonance of these obmera.
clans is sill questionable a1 this time since n& msoamines fan
b readily destroyed by 2 number of different arganisms
) ever, there are indications ‘hat (he remoal of ni.
Intes ‘ram these lubricants wuuld impros e their compasdak
ity wish uman health.

Nitnter are ideal foods for microvrganisms and beir
presence in these lubricants undoubxed'y incrraus | he
aroblem of rancdity and corrosion control. 1t has been
shown that 0.013 pereent 5: Tam nirite s com pkeard
utilized by bacterna within . ,_ciod of anly three days (75
Thus. the removal of nitrises from metaswocking Muds sy
Pousbly be 3 major siep twwanis making those poeduas
TGRS riuant 10 beudegradation, panicuarte if the naby
soree of nirogen in the molant could be found 1 o
molecube which alsa cxhibits antimicrobial propen e,

Nitntes abo have been found 10 create e ment sl
probicms 25 they greatly increae the mi robial papuburns
of rivers und streams. For this reason and o hery, neniey
cant 0 longer be cmployed in coclants Lace it 3 number of
Furapean counties (personal communical o

The idea of employing 3 compuund »hich [t 2
EOIDLOA inhihins 2 well 2 an antimicmbaal agees o 4 e
bricam 71 not new. More than rernty veans g, b ame ol
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Using amines as
multifunctional additives in
metalworking fluids — not a
new concept

In 1979 journal article, E.O.
Bennett affirmed Synergex™
as “producing significant
inhibition of microbial growth”



Proteus mirabilis (ATCC 7002) =ASTHIAN

TSB media, 78.5% MEA triazine
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4,000 ppm amine, Psuedomonas
aeruginosa, TSB growth slope in
millOD/min, 48-hour run

Growth slope
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Observations

" Synergex T can be used as
part of a biostable, low-VOC
metalworking fluid.

" Fluids based on the Synergex
N-alkyl alkanolamines do not
stain aluminum (AL 2024
pieces dipped in the fluids
shown; MDEA for reference).




Biocide reductions possible with

Synergex products

% Biocide needed

100 ~

90 -

80 -

70 A

60 -

50 ~

40 -

30 ~

20 1

10 -

EASTMAN

o CMIT/MIT
® Triazine
OBIT

No Synergex With Synergex T With Synergex

Biocide type

With Synergex T Plus



Synergex a




. . EASTMAN
Emulsion basics

Standard emulsion

Qil phase Water phase

Dispersed phase

Phase

Gas Liquid Solid
Gas None (miscible) Aerosol (mist) Solid aerosol (smoke, dust)
Continous phase | jquid Foam Emulsion (O/W, W/O) Solid (dispersion)

Solid Solid foam Gel Solid sol



Why is liquid/liquid interfacial EASTMAN

tension important?

T — T

""\—\_._\_\_\_\_\_\—'_'_'_'_‘_'_,.:—f -\-\_\-\'\_\_\_\_\_\—'_‘_'_'_,_I-'—'—/
Mg =
Water .Cl:unﬂ.nmus Phise of Water ©
o

a I 3 a

o "\‘\ = T @

Dicperzed Phace of 0il Drops

Two Phase Systerm Colloidal Systern: OW Erdsion

Energy difference between O/W emulsion and
two separate oil and water phases

AE = YWater/oil)AAwater/oi - TAS

mixing
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Liquid/liquid interfacial tension
In dynes/cm

Interfacial tension (dynes/cm)

60 -

50

40

30

20

10

m\Versus Soybean Oil

Synergex Synergex T MAE DGA MEA TEA Water

5% wt/wt alkanolamine(aq)



Air/solution and air/oil interfacial EASTMAN

tensions by bubble pressure (dynes/cm)

[] SYNERGEX | SYNERGEX T| AMP DGA MAE MEA TEA
0.1% 59.8 60.1 70.4 72.1 70.7 72.3 70.2
0.5% 52.8 54.8 68.8 70.9 69.7 72.3 70.1
5% 37.9 41.0 60.6 68.0 64.6 70.6 66.6
50% 29.8 33.4 41.3 55.6 46.0 60.7 54.8
Oil Surface tension
(dynes/cm)

Soybean oil 54.8

Methyl oleate 34.6

Dodecane 39.3




Representative liquid/liquid EASTMAN

interfacial tension calculations

Oil/aqueous interfacial tensions (y) in dynes/cm

solution o1l A?q C()ail Aqel)oil f0) | 9®) | h(®) Airiaq Airzoil OiIiaq
Water SB 29 | 53 43 0.295 0.167 | 0.217 | 72.8 | 54.8 56.5
0.5% SYN | SB 35 53 57 |0.260  0.167 | 0.148 59.8 | 54.8 43.2
0.5% MAE| SB 39 | 53 54 |0.238|0.167 | 0.162 | 70.7 | 54.8 47.4
1% SYN | MeOle | 36 @ 47 44 1 0.2550.197 0.212 52.8 | 34.6 31.3
1% AMP MeOle 40 | 47 56 | 0.233 0.197 | 0.153 68.8 @ 34.6 60.4

SB = soybean oil, MeOle = methyl oleate, SYN = Synergex,
MAE = methylaminoethanol, AMP = 2a-amino-2-methyl-1-propanol




Why I1s HLB important?

® The hydrophile/lipophile balance (HLB)
° Low HLB is good for corrosion inhibition and biocide synergy, but
too low an HLB leads to low water solubility.

* High HLB is good for water solubility, but too high an HLB leads
to poor secondary performance and poor coupling.

Mid-range HLB leads to the optimal balance of

solubility and performance.

EASTMAN




Why do alkanolamines behave
differently?

HLB

EASTMAN

20 (hydrophilic molecular weight)

(total molecular weight)

Floor Function:

Hexane:

Synergex LA:
Synergex:

Synergex T:

AMP
Methylaminoethanol:
Monoethanolamine:

HLB = 00
HLB= 6
HLB = 10
HLB =12
HLB = 13
HLB =15
HLB = 20



Synergex LA—New




Synergex LA ENSTMAN

As the newest addition to our Synergex product line, Synergex LA serves
as an excellent hydrophobic alkanolamine for hydrophobic/hydrophilic
amine combinations. Excellent biostability and easy incorporation into
O/W emulsions.

Formulating with the Synergex amines

) : : Optimal
: Typical |Mycobacterial | Oil/water
0
Amine NBP % VOC HLE use level | inhibition | partition PKa replacement for
Synergex 200 °C 99 mid-range | 4% - 6% moderate water 10 DCHA; wise choice
for formulators
Synergex T | 285 °C <8 hydrophilic | 2% - 10% none water 9 looking for
Synergex LA| 230 °C 99  |hydrophobic| 4% - 8% none il 10| alternatives

NBP = normal boiling point

% VOC per ASTM-D1868

NK = not known

Biostability assessment via integrated MTA (microtiter assay) experiments

Mycobacterial inhibition

Typical use level designates the typically optimal amount to use in a concentration, which in turn will
be diluted to = 5% in the working fluid.



Summary

> Selection of the best amine(s) is the critical first step in
formulation.

» Synergex™ alkanolamines are the optimal choice for
metalworking fluids, providing biostability and enhanced
emulsion stabillity.

» By optimizing your formula, you’re ensuring formulation
longevity and enhanced product performance.

EASTMAN



Contact

® To learn more about Synergex, visit
WWW.SynergexAmine.com.
" To place an order in North America or for more information,

contact Caroline Johnson: Car.Johnson@eastman.com O one
of our distributors:

2?
%elndusmes SHILSON BRENNTAG s
C O M P A N Y
U.S. West Coast/OK/TX U.S. Midwest/East Coast Canada
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http://www.synergexamine.com/
mailto:Car.Johnson@eastman.com

Although the information and recommendations set forth herein are presented in good faith, Eastman
Chemical Company (“Eastman”) and its subsidiaries make no representations or warranties as to the
completeness or accuracy thereof. You must make your own determination of its suitability and
completeness for your own use, for the protection of the environment, and for the health and safety of your
employees and purchasers of your products. Nothing contained herein is to be construed as a
recommendation to use any product, process, equipment, or formulation in conflict with any patent, and we
make no representations or warranties, express or implied, that the use thereof will not infringe any patent.
NO REPRESENTATIONS OR WARRANTIES, EITHER EXPRESS OR IMPLIED, OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE, OR OF ANY OTHER NATURE ARE MADE HEREUNDER WITH
RESPECT TO INFORMATION OR THE PRODUCT TO WHICH INFORMATION REFERS AND NOTHING
HEREIN WAIVES ANY OF THE SELLER’S CONDITIONS OF SALE.

Safety Data Sheets providing safety precautions that should be observed when handling and storing our
products are available online or by request. You should obtain and review available material safety
information before handling our products. If any materials mentioned are not our products, appropriate
industrial hygiene and other safety precautions recommended by their manufacturers should be observed.

© 2018 Eastman. Eastman brands referenced herein are trademarks of Eastman or one of its subsidiaries or
are being used under license. The ® symbol denotes registered trademark status in the U.S.; marks may
also be registered internationally. Non-Eastman brands referenced herein are trademarks of their respective
owners.
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