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Where did the amines come from?

Air Products sells amines business to Taminco

2007 Arkema sells specialty amines business to
Taminco
- Eastman acquires Taminco in the second largest

2014 acquisition in Eastman history




Today’s discussion

0 Amines in Metalworking Fluids

0 Benefits of Alkanolamines
Biostability

Emulsion Stability

Corrosion Inhibition

o The Synergex Products
Synergex

Synergex T

Synergex LA

0 The Future

New amine additives - is there a need?
C8/10 amides for metalworking

0O Summary






Amines are MWF-soluble bases that are:

v More compatible than an inorganic base
v Compatible with O/W and W/O emulsions

Amines are necessary to adjust the pH of functional
fluids






Amine choice is a formulator’s decision.

Examples of amines

SSNH, NS NS

H CH;
Primary Secondary Tertiary
1° 2° 3°
A. Hydrophobic versus hydrophilic o Nz Monoethanolamine
B. Volatile (odorous) versus non-VOC wo ™~~~ g, Diethanolamine

: : N ; i
C. Alkanolamine versus alkylamine Ho/\/éHa\/\OH N-Methyldiethanolamine

D. Multifunctional (e.g., corrosion inhibitor) versus pH only



What are the ideal properties of an amine? EASTIAN

It depends
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Alkanolamines provide:

v'good base strength and capacity at
v'reasonable cost with
v low VOC contribution and low odor
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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— tertiary amine and capable DCHA replacement that pairs well
with lower-MW primary alkanolamines such as MEA and MIPA

* Synergex T Plus/Premier: available if there is sufficient customer demand

* THE FUTURE?
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Amines: key physical properties

___Amine | MW | EW | pKa |mgKOH/g|HLB| _ BP(°C)

SEear | 16124 16124 89 347 12 285 (normal)

Synergex 11719 11719 9.7 478 10 200 (normal)
o4y W 173.30 173.30 10.3 324 6 230 (normal)
119.16 119.16 8.8 471 17 247 (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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. . EASTVMIAN
Fluid user and formulator—working

together to optimize biostability

Emulsionfuid fad brocide.

100 SUS oil 72 g/kg

60% sulfonated oil 72 g/kg

DEA fatty acid amide 72 g/kg )

Tall oil fatty acid 72 g/kg — Keep ﬂu Id CIean'
BASF 17R4 24 g/kg

Triethanolamine (85%) 100 g/kg \
Alkanolamine 40 g/kg Optimize formula.
Water Balance

e :



Biocide reductions possible with Synergex EASTIMAN

products
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Observations EASTVIAN

All Synergex products 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).

Synergex T MDEA
and MDEA






. . EASTVMINAN
Emulsion basics

Dispersed phase
g _ea__m{—
None (miscible) Aerosol (mist) Solid aerosol (smoke, dust)
Continous phase  Liquid Foam Emulsion (O/W, W/O) Solid (dispersion)

Solid Solid foam Gel Solid sol




EASTNMAN

Why is liquid/liquid interfacial tension
important?

Emulsions are
destabilized by a
large increase in
oil/water surface

area

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

AE (YWater/oiI)AAwater/oil TASmixing




Liquid/liquid interfacial tension in dynes/cm

Interfacial tension (dynes/cm)
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m Versus Soybean Oil

Synergex Synergex T MAE DGA MEA TEA Water

5% wt/wt alkanolamine(aq)






Passive dissolution of copper

(0.3 M amine, 0.2 M octanoic acid, 8 days)
(Unleaded brass CA-260, pH adjusted to 8.5 with H;PO,/KOH)
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Passive ferrous dissolution from mild steel panels

(32g/L amine, 36 g/L of 1/1 caprylic/dodecandioic acids)
(pH = 8.5 adjusted with KOH or H;PO, for 30 days)
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Corrosion Rate (mils per year)
S

Corrosion rates of steel by polarization resistance

Octanoic:Synergex

Octanoic:AMP-95

Octanoic:DGA

Octanoic:MEA




Visual appearance of immersed steel after 1 week
(0.3 M octanoic acid, 0.2 M amine, pH to 8.5)

! ! ! ! !

Synergex Synergex T AMP95 MEA/TEA DGA






EASTNMAN

Synergex LA

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.

HLB Typical use  Oil/water Ka Optimal
level % partition P replacement for
Synergex 200 99 mid-range 4-6 water 19 D CI__IA" wise
choice for
SynergexT 285 <8 hydophilic 2-10 water 9 formulators
Synergex LA 230 99 hydrophobic  4-8 oi 10 looking for
alternatives

NBP = normal boiling point

% VOC per ASTM-E1868

NK = not known

Biostability assessment via integrated MTA (microtiter assay) experiments

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.

In North America, no more hazard of acute toxicity on SDS
US domestic transport only with the change from Class 6.1 to Class 8.
No more problems with shipping






Revisiting an old idea: Ed Bennett's
amylaminoethanol work

/\/\/NHZ o NN N\/\OH
o)

A :
OH

Better biostability than current amines but at a higher price
Secondary amine
Is there an interest?




Corrosion inhibiting amides C10 and C810
amides in MWF?

* More hydrophobic

 Made from renewable resources
like CNO or PKO

« Good wetting, coupling,

N biosynergy, and corrosion inhibition
\/\Wﬂ/ » Useful in degreasers
« Commercial products available

globally
« REACH compliant




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, enhanced emulsion stability, low/zero VOC/odor and
long life.

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

We're interested in new ideas and want

to work with you!
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Contact

To learn more about Synergex, visit www.SynergexAmine.com.

Eastman contact: Car.Johnson@eastman.com or one of our distributors:

TH
3'!:HILSON"

Partof  CHEMICALS

U.S. West Coast/OK/TX U.S. Midwest U.S. East Coast Canada


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.

© 2019 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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