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DISCLAIMER

The Standard Bio-oil Analytical Methods (Methods) are provided by the National Renewable Energy Laboratory
(NREL), which is operated by Alliance for Sustainable Energy, LLC (Alliance) for the U.S. Department of Energy
(DOE). These methods were developed and written for commercial research and educational use only.

Access to and use of these Methods shall impose the following obligations on the user. The user is granted the
right, without any fee or cost, to use, copy, modify, alter, enhance and distribute these Methods for any purpose
whatsoever, except commercial sales, provided that this entire notice appears in all copies of the Methods. The
user agrees to credit NREL/Alliance in any publications that result from the use of these Methods. The user also
understands that NREL/Alliance is not obligated to provide the user with any support, consulting, training or any
training or assistance of any kind with regard to the use of these Methods or to provide the user with any updates,
revisions or new versions.

THESE METHODS ARE PROVIDED BY NREL/Alliance "AS IS" AND ANY EXPRESS OR IMPLIED
WARRANTIES, INCLUDING BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL NREL/Alliance/DOE
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER, INCLUDING BUT NOT LIMITED TO CLAIMS ASSOCIATED WITH THE LOSS OF DATA OR
PROFITS, WHICH MAY RESULT FROM AN ACTION IN CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
CLAIM THAT ARISES OUT OF OR IN CONNECTION WITH THE ACCESS, USE OR PERFORMANCE OF
THESE METHODS.
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Introduction

1.1

1.2

This laboratory analytical procedure covers the determination of acidic content of bio-
oils using potentiometric titration with automatic end point detection. Acids in bio-oils
contribute to corrosion of materials used during storage and handling. Reduction of
acids is one important aspect of oil upgrading, which can be monitored using this
methodology.

This methodology is based on the ASTM standard method D664, test method B for
determination of acid content of petroleum products [1]. Modifications to the standard
method have been made to improve detection of phenolic content of bio-oils. The
modifications are the replacement of potassium hydroxide titrant with tetrabutyl
ammonium hydroxide (TBAOH) and replacement of the lithium chloride electrolyte
solution with tetraecthyl ammonium bromide (TEABr). This combination of titrant and
electrolyte has been found to improve detection of phenolics over the standard
methodology [2].

Scope

2.1

This procedure is developed for the determination of both carboxylic acid numbers
(CAN) and total acid numbers (TAN) of bio-oils. Total acid number includes
carboxylic acids as well as weaker acidic compounds such as phenolics. As such, the
results of this procedure can be used to differentiate carboxylic acids from other acidic
components such as phenolics.

Terminology

3.1

32

33

Bio-o0il — The crude liquid product of converting solid biomass into a liquid via fast
pyrolysis or other thermochemical conversion process.

End Point — The point of inflection in a titration curve (plot of pH vs titrant volume)
recorded by automatic titrator software. The point of inflection can be determined from
the derivative of the titration curve.

Carboxylic acid number (CAN) — The portion of acidic content of bio-oil that can be
attributed to carboxylic acids expressed as mg KOH/g of sample.

3.4 Total acid number (TAN) — The total amount of acidic content of a bio-oil determined
by titration, expressed as mg KOH/g of sample.
Interferences
4.1 Bio-oils can coat the pH electrode used to monitor the progress of titration. It is

imperative that the pH probe be cleaned thoroughly between titrations to maintain
adequate signal for analysis.



4.2 Bio-oils are known to degrade over time when exposed to oxygen and heat. Samples
that have aged may not be representative of the original bio-oil product.

4.3 Identification of the second endpoint (TAN) can be troublesome for some bio-oils.
Limiting TAN identification to a specific pH window is necessary for a reliable
analysis using this method. This pH window is defined below for an oak-derived raw
pyrolysis bio-oil.

Apparatus
5.1 Analytical balance accurate to 0.1 mg
5.2 Ultrasonic bath (Branson 3510 or equivalent)

5.3 Automatic titration instrument including stirring plate and automatic burette (Metrohm
Titrando 809 or equivalent)

5.4 Combination pH electrode (Metrohm 6.0229.010 Solvotrode or equivalent)

Reagents and Materials Needed

6.1 Reagents

6.1.1 Isopropyl alcohol (VWR BDH20880 or equivalent)

6.1.2 Tetrabutyl ammonium hydroxide (TBAOH), 0.1 M in 10:1 (v/v)
isopropyl alcohol/methanol (Sigma-Aldrich 86891)

6.1.3 Tetraethyl ammonium bromide, 0.4 M in ethylene glycol (Metrohm
6.2320.000 or equivalent)

6.1.4 Potassium hydrogen phthalate (KHP) (Sigma-Aldrich 179922 or
equivalent). Dried for a minimum of 2 hours at 120 °C.

6.1.5 Deionized (DI) water, 18.2 MQ

6.1.6 Phenol (Sigma-Aldrich P5566 or equivalent)

6.1.7 Glacial acetic acid (Sigma-Aldrich 320099 or equivalent)

6.1.8 pH 4 buffer (Metrohm 6.2307.100 or equivalent)

6.1.9 pH 7 buffer (Metrohm 6.2307.110 or equivalent)

6.1.10 pH 9 buffer (Metrohm 6.2307.120 or equivalent)

6.2 Materials
6.2.1 Glass jars, 120 mL (VWR 16151-622 or equivalent)
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6.2.2 Disposable plastic beakers, 120 mL
6.2.3 Teflon lined stir bars

6.2.4 Volumetric flask, 50 mL (Class A)

7. ES&H Considerations and Hazards

7.1 Isopropyl alcohol is extremely flammable
7.2 Acetic acid is corrosive and flammable

7.3 Tetrabutyl ammonium hydroxide is corrosive
7.4  Phenol is a significant health hazard

7.5 Follow all applicable chemical handling procedures

8. Sampling, Test Specimens and Test Units

8.1 Bio-oil should be allowed to reach room temperature and thoroughly homogenized to
obtain a representative sample.

8.2 Exposure to oxygen and heat should be minimized to prevent sample degradation prior
to analysis.

9. Analytical Procedure
9.1 pH calibration

9.1.1 Following the instrument manufacturer’s instructions to calibrate the
pH range of the pH probe using the pH 4, 7, and 9 buffers.

9.1.2 The slope of the calibration must be > 95%.

9.13 The difference between the mV reading of the pH 4 and pH 7 buffer
must be > 162 mV.

9.14 A slope below 95% or reading difference between pH 4 and 7 below
162 mV indicate the pH probe requires maintenance or should be
replaced. Follow manufacturer’s instructions for cleaning and
maintaining the pH probe.

9.2 Prepare KHP solution for titrant standardization

9.2.1 Into 50 mL volumetric flask weigh approximately 100 mg of dried
KHP and record weight to 0.1 mg.
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Fill volumetric flask with DI water to the graduation mark and record
weight of water to 0.1 mg.

Place mixture into ultrasonic bath at 30°C and sonicate until dissolved,
approximately 5 minutes.

Alternatively, dried KHP can be titrated directly as in 9.3.2.

9.3 Standardize titrant

9.3.1

932
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9.4 Blank titration

9.4.1

94.2
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9.5 Sample titration

9.5.1

Into a 120 mL glass jar weigh approximately 5 g of KHP solution and
record weight to 0.1 mg.

Alternatively, into a 120 mL glass jar weight approximately 100 mg
dried KHP powder and record weight to 0.1 mg. Add 5 mL DI water
and ensure KHP is fully dissolved.

Add 50 mL of DI water to glass jar.

Add stir bar and titrate solution with 0.1 M TBAOH while stirring. A
total titrant volume of 2 mL is recommended if titrating the KHP
solution as in 9.3.1. A titrant volume of 10 mL is recommended if
titrating dried KHP powder as in 9.3.2. Determine the potentiometric
end point using the automatic titrator software. Record volume of
titrant and determine molarity as in 10.2.

Determine molarity in triplicate. The average value of triplicate
determinations should be used to determine acid numbers. The average
value should agree + 0.0005 M of each reading.

Add 50 mL isopropyl alcohol to a disposable 120 mL beaker and add
stir bar.

Titrate solution using 0.1 M TBAOH while stirring. A total titrant
volume of 2 mL is recommended. Record titrant volume of
potentiometric end point.

Note that the blank may not contain sufficient acidic content to be
detected, resulting in an invalid result by the titration software. In this
case the blank titration volume is 0 mL.

Into a disposable 120 mL beaker weigh 200 +50 mg of sample and
record weight to 0.1 mg.
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9.5.5

Add 50 mL of isopropyl alcohol and a stir bar.

Titrate solution with 0.1 M TBAOH while stirring. A total titrant
volume of 15 mL is recommended. Record titrant volume of
potentiometric end points.

For bio-oils containing only carboxylic acids one endpoint will be
detected. For bio-oils containing both carboxylic acids and phenolics
multiple end points may be detected. The pH reading of carboxylic
acids in isopropyl alcohol is in the range of 8 to 11 and for phenolics
between 12 and 14. pH readings of individual systems may vary
depending on pH calibration, pH probe, and sample size titrated.
Individual systems should be checked with model compounds to
ensure accurate detection of compound types. Mixtures of acetic acid
and phenol have been found to be sufficient for determining pH
ranges. Alternatively, multifunctional compounds such as syringic acid
(4-Hydroxy-3,5-dimethoxybenzoic acid) or vanillic acid (4-Hydroxy-
3-methoxybenzoic acid) can be used.

After each titration, thoroughly rinse the pH probe with isopropyl
alcohol to remove any residue. After isopropyl alcohol rinse soak the
probe in DI water for at least 3 minutes prior to the next titration.

9.6 Standard mixture for system check

9.6.1

9.6.2

9.6.3

9.6.4

Into a 50 mL volumetric flask weigh approximately 400 mg of phenol
and 400 mg acetic acid and record weights to 0.1 mg. Fill flask to the
graduation mark with isopropyl alcohol and record weight to 0.1 mg.
Invert flask a minimum of 3 times to mix. If phenol is not fully
dissolved approximately 1 minute of sonication should complete
dissolution.

Into a 120 mL glass jar weigh approximately 1 g of standard mixture.
Add stir bar and titrate following procedure used for bio-oils.

Alternatively, multifunctional compounds such as syringic acid or
vanillic acid can be weighed individually and titrated to check the
system.

Compare measured carboxylic acid and phenol concentrations in
mmol/g to known values. Measured values should not differ from
actual by greater than 5 % for carboxylic acid and 10 % for phenol.



10. Calculations
10.1 KHP solution:
KHPpmor/g = (KHP, * 1000)/[204.235/mo; * (KHP 4 + watery)]
10.2 Titrant molarity:

If titrating KHP solution as in 9.3.1:

(KHP Solutiong* KHPmmol)
g

M =

titrant volumey,

If titrating dried KHP powder as in 9.3.2:

_ (KHPg)
(titrant volume,m*204.23 g /mot)

10.3 Standard mixture:

Aceti d _ Acetic acidg * 1000
cetteact %OI ~ 60.05 g_ = total weight,

mol

Phenolymei/g = (Phenoly x 1000)/(94.11_g_ * total weight,)
mol

10.4 Acid number:

(V7—Vp) * M = 56.15/mol
Ang KOH/g = W

Where:

Vr = Titrant volume to generate end point in mL
Vy, = Titrant volume for solvent blank in mL

M = Titrant molarity in mol/L

W = Sample weight in grams

10.5 % Relative Standard Deviation (%RSD)

g

%RSD = (m ) 100

ean
Where:

o = the standard deviation of concentration from replicate analyses
mean = the average concentration determined from replicate analyses



11. Report Format

11.1

Report CAN and TAN as mg KOH/g of sample.

12. Precision and Bias

12.1

In 2015, an inter-laboratory study was performed on a raw pyrolysis bio-oil using the
method as described here [3]. The first endpoint, CAN, had very low inter-laboratory
variabilities (less than 5% RSD). In the round robin study, only three of the five labs
were able to successfully identify the TAN endpoint. While the TAN variability was
low between the three reporting labs (less than 2% RSD), the results showed that TAN
identification can be problematic. Due to these difficulties, it is critical that the user
follow all instructions carefully to obtain reliable results, including the pH windows for
the identification of CAN and TAN endpoints.

13. Quality Control

13.1

13.2

13.3

The 0.1 M TBAOH titrant should be standardized weekly to monitor for any changes in
titrant concentration due to reaction with carbon dioxide. When not in use the titrant
should be stored in the dark in a closed container. Exposure to carbon dioxide should be
avoided to prevent degradation.

It is recommended that a representative bio-oil or standard solution containing acetic
acid and phenol be analyzed with each sample set to provide a daily check standard.
Results of this standard should be tracked to monitor for out of control results.

A minimum of 1 sample per sample set should be analyzed in triplicate. % RSD of
CAN should not exceed 5 % and TAN should not exceed 10 %.
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