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Today’s discussion
A) Acid/Base content:  an important parameter to know before the reformulation efforts start
B) Determination of acid/base quantity
C) Determination of acid/base strength
D) Amines as bases
E) The formulator’s spreadsheet:  include the acid/base ratio
F) What is the best amine?
G) Many properties to consider; Pow is an important one
H) Conclusions



Acid/Base content, quantity & 
strength 



Acid value & base value 
measurements
A procedure that converts the quantity of acid or base present to a common standard of mg 
KOH needed to neutralize (for acids) or mg of “virtual” KOH available (for bases) per gram of 
material.

Note that acid and base values accurately tabulate the amount of acid or base present but not 
the strength.  Bases weaker than KOH are treated on an equivalent for equivalent basis the 
same as KOH, and all acids titratable by KOH are treated the same.

Acid Value =
mg KOH needed

g of material
Base Value =

mg KOH supplied
g of material



Acid Value =
Vml titrant x 𝐍

mequiv KOH
ml titrant

x
56.1 mg KOH
mequiv KOH

G grams of acidic material

Mass Acidic Material =
Mass Basic Material x Base Value

Acid Value
Mass Basic Material =

Mass Acidic Material x Acid Value

Base Value

Acid values
Use a direct titration of a massed amount of material by KOH(aq) to an appropriate (usually alkaline) 
endpoint.

Guy Verdino’s Titration Method:

Weigh about 1.0 g of the substance into a 250-mL flask.  Add 50 mL of a mixture of equal volumes of 
ethanol and ether, both of which have been neutralized with potassium hydroxide.  Add about 1 mL of 
phenolphthalein/ethanol indicator and heat, if necessary, until the substance has completely dissolved.  
Cool and titrate with potassium hydroxide ( 0.1 N), constantly shaking the contents of the flask until a pink 
color persists for 15 seconds.  Note the number of mL required (V)

Calculate the acid value from the following formula:

One convenient thing about Acid Values and Base Values is that they allow for a quick determination 
of the mass of a given basic material needed to neutralize a given mass of an acidic material.



Acid Value = A=
(56.1) x (VN)

G

mg KOH needed to Titrate

gram of amine

(VN) = mequiv. base used = mequiv. of acid present.

VNmilliequiv. acid x
1 equiv. acid

1000 milliequiv. acid
= 
VN
1000

equiv. of amine

Acid Apparent Equivalent Weight = EW=
1000 x G

VN
=

56.1 x 1000

A
=

𝟓𝟔, 𝟏𝟎𝟎

A

EW=
56,100

A
A=

56,100

EW

For an Acid Value, the apparent EW is only valid if a pure sample is tested.  If the material is in 
solution, then G must be multiplied by the mass fraction concentration of the acid to get an accurate 
EW. 



Acid Value picks up both protons from dicarboxylic acids without differentiation

versus Potentiometric Titration

Source: Wikipedia



Endpoint determines strength of bases counted as KOH

Representative procedure for base 
value determination
Source: SurfaTech Brochure



Amines as Bases



Amine Value (amine number) = Base Value =
mg KOH
g amine =

mg KOH
1000mg amine

= A

Where mg KOH is the mass of KOH necessary to titrate the amount of acid required to titrate one gram of the amine.

Volume Acid Titrant in ml = V Normality of Acid Titrant = N Grams of Amine = G

KOH:  GMW = GEW = 56.1 grams/mole = 56.1 grams/equivalent

A =
V (ml titrant) x N

(mequiv acid)
(ml titrant)

x
1 mequiv KOH
1 mequiv Acid

x
56.1 mg KOH
mequiv KOH

G (grams of amine)

Amine Value =Amine Number = A=
(56.1) x (VN)

G

mg KOH

gram of amine

Amine value:  a unique sort of 
base value



Assuming a pure amine is used.  If the original amine sample is a solution, then G 
must be multiplied by the mass fraction of amine in the solution to get an accurate 
EW.  The amine solution solvent must also be “blanked”.
Note that an “Amine Value” implies a purified amine sample whereas a “Base Value” 
or “Acid Value” can apply to any type of mixture with some net excess base.

Amine Value =Amine Number = A=
(56.1) x (VN)

G

mg KOH

gram of amine

(VN) = mequiv. H+ consumed = mequiv. of amine base OH equivalents.

VNmilliequiv. amine x 1 equiv. amine
1000 milliequiv. amine

= 
VN
1000

equiv. of amine

Amine Equivalent Weight = EW=
1000 x G

VN
=

56.1 x 1000

A
=

𝟓𝟔, 𝟏𝟎𝟎

A

EW=
56,100

A
A=

56,100

EW



Various ways to determine the 
base/amine value

One can add an excess of acetic acid (helps to decarbonate the amine) and back titrate with base.



Titrate an acetic acid neutralized 
base with an acid stronger than 
acetic acid

From Wikipedia; test method TBN ASTM D2896:  A sample is typically dissolved in a pre-mixed solvent of 
chlorobenzene and acetic acid and titrated with standardized solution of perchloric acid in glacial acetic acid 
for fresh oil samples.  The end point is detected using a glass electrode.



Amines Amine (Base) Value (mg KOH/gram 
amine)

Apparent Equivalent 
Weight

MEA 920 61
MIPA 748 75

Morpoline 645 87
AMP 95 591 95

Triazine Biocide 578 97
DEA 534 105

Synergex 479 117
MDEA 471 119

45% KOH 450 125
DMAPF 432 130
DIPA 422 133

Corrguard EXT 387 145
TEA 99 377 149
DIPA 85 367 153

Synergex T 348 161
TEA LF 327 171

Synergex LA 324 173
DCHA 309 181
TIPA 294 191

Synergex T Plus 259 217
Toly Triazole 50% 195 288

EW=
56,100

A
A=

56,100

EW



Example Acid Value Apparent Equivalent Weight
Boric Acid 905 62

Eastman™ 1,4-CHDA-HP 652 86

Sebacic acid 555 101

Octenyl succinic anhydride 534 105

Corfree M1 510 110
Octenyl succinic acid 492 114

Isononanoic acid 355 158
Undecylenic acid 305 184

TOFA 28 191 293
Dover EM 706 155 362
Mayfree 133 155 362

Mayfree NCL2 125 449
Maylube 830 72 779

Maylube S003 20 2805
Doverlube NCEP 10 5610

Klorfree 100 5 11220

EW=
56,100

A
A=

56,100

EW

B(OH)3 +KOH  KB(OH)4

diprotic acid
diprotic acid

hydrolyzed to diacid; not pure
diprotic acid

Acid values



The formulator’s spreasheet



Original formula
Component Description %BW Base value Weight equivalent Base eq. total

Water Water 65.80
Secondary amine A Amine 8.75 479 41.91

DCHA Amine 4.50 309 13.91 60.32
45% KOH Amine 1.00 450 4.50

Acid value Acid eq. total
Boric acid Acid 3.50 905 31.68

C6 to 12 Diacid blend Acid 4.25 509 21.63 59.41
Isononanoic acid Acid 1.50 355 5.33
Acid phosphate Acidic 0.50 155 0.78

PAG Nonionic 8.00
Anti-microbial Biocide 2.00

Anti-foam Anti-foam 0.20
B/A ratio

Total 100.00% 1.02
Modified formula

Component Description %BW Base value Weight equivalent Base eq. total
Water Water 68.95
MDEA Amine 5.00 471 23.55
DBAE Amine 3.00 324 9.72 60.81
MEA Amine 3.00 918 27.54

Acid value Acid eq. total
Boric acid Acid 3.50 905 31.68

Sebacic acid Acid 3.30 555 18.32 59.82
Isononanoic acid Acid 2.55 355 9.05
Acid phosphate Acidic 0.50 155 0.78

PAG Nonionic 8.00
Anti-microbial Biocide 2.00

Anti-foam Anti-foam 0.20
B/A ratio

Total 100.00% 1.02

Bases

Acids

Light duty full synthetic formula I



Original formula
Component Description %BW Base value Weight equivalent Base eq. total

Water Water 52.20
TEA 99 LFG Amine 17.50 327 57.23

MEA Amine 9.00 918 82.62 147.95
45% KOH Amine 1.80 450 8.10

Acid value Acid eq. total
Boric acid Acid 7.00 905 63.35

Corfree M1 Acid 8.50 509 43.27 118.82
Isononanoic acid Acid 3.00 355 10.65

Dover EM 706 Acidic 1.00 155 1.55
B/A ratio

Total 100.00% 1.25
Modified formula

Component Description %BW Base value Weight equivalent Base eq. total
Water Water 56.30

Amietol M12 Amine 8.00 471 37.68
Synergex LA Amine 6.00 324 19.44 148.92

MEA Amine 10.00 918 91.80
Acid value Acid eq. total

Boric acid Acid 7.00 905 63.35
Sebacic acid Acid 6.60 555 36.63 119.64

Isononanoic Acid Acid 5.10 355 18.11
Dover EM 706 Acidic 1.00 155 1.55

B/A ratio
Total 100.00% 1.25

Bases

Acids

Revised light duty full synthetic formula I



Original formula
Component Description %BW Base value Weight equivalent Base eq. total

Water Water 62.75
TEA 99 Amine 5.00 327 16.35

MEA Amine 5.00 918 45.90 74.30
Triazine Biocide Amine 2.00 578 11.56

Toly-Triazole 50% Basic 0.25 195 0.49
Acid value Acid eq. total

Corfree M1 Acid 5.00 509 25.45 33.20
Mayfree 133 Acidic 5.00 155 7.75
220 cSt PAG 15.00

B/A Ratio
Total 100.00% 2.24

Modified formula
Component Description %BW Base value Weight equivalent Base eq. total

Water Water 61.50
Synergex LA Amine 5.00 324 16.20

MEA Amine 5.00 918 45.90 73.81
MIPA Amine 1.50 748 11.22

Toly-Triazole 50% Basic 0.25 195 0.49
Acid value Acid eq. total

Octyl succinic anhydride Acidic 4.75 534 25.37 33.12
Mayfree 133 Acidic 5.00 155 7.75
220 cSt PAG 15.00

BIT 20 2.00
B/A ratio

Total 100.00% 2.23

Heavy duty full synthetic formula

Bases

Acids



Original formula 
Component Description %BW Base value Weight equivalent Base eq. total

Water Water 62.75
TEA 99 Amine 5.00 327 16.35

MEA Amine 5.00 918 45.90 74.30
Triazine biocide Aminic 2.00 578 11.56

Toly-triazole 50% Basic 0.25 195 0.48
Acid value Acid eq. total

Corfree M1 Acid 5.00 509 25.45 33.20
Mayfree 133 Acidic 5.00 155 7.75
220 cSt PAG 15.00

B/A ratio
Total 100.00% 2.29

Modified formula
Component Description %BW Base value Weight equivalent Base eq. total

Water Water 61.65
Synergex T Amine 5.00 348 17.40

MEA Amine 5.00 918 45.90 75.01
MIPA Base. 1.50 748 11.22

Toly-triazole 50% Basic 0.25 195 0.48
Acid value Acid eq. total

Sebacic acid Acidic 4.60 555 25.53 33.28
Mayfree 133 Acidic 5.00 155 7.75
220 cSt PAG 15.00

Bit 20 2.00
B/A ratio

Total 100.00% 2.25

Revised heavy duty full synthetic formula

Bases

Acids



What is the best amine?



Amine choice is a formulator’s 
decision

A) Hydrophobic versus hydrophilic

B) Volatile (odorous) versus non-VOC

C) Alkanolamine versus alkylamine

D) Functional (e.g., corrosion Inhibitor) versus pH adjustment

Examples of Amines

Primary
1°

Secondary
2°

Tertiary
1°

Boratrane
TEA + Boric Acid

Monoethanolamine

Diethanolamine

N-Methyldiethanolamine



Properties to consider
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What properties of an amine are ideal?

0 ppm Amine                            4000 ppm Amine
BAE DCHA             AMP

Proteus mirablis (ATCC 7002)
TSB media, 78.5% MEA Triazine

0 ppm

50 ppm

100 ppm

250 ppm

400 ppm

800 ppm

Odor/Volatility

Staining

Emulsion Stability

Biostability



How does the chemistry of 
primary/secondary/tertiary amines differ?

Carbamic acid Carbamate salt

Bicarbonate



log(POW) for switchable amine solvents is
1.8 < Ideal log POW < 2.0





Synergex LA and stability 



Conclusions

I) Use of B/A ratio is a convenient shortcut in formulation
II) Selection of the right amine(s) is an important first step
III) Tertiary amines have unique chemistry that allows O/W partition
IV) Optimized formulas will last longer and work better



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.

© 2017 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.



Thank you




