
  

 

Analysis of Smoak Tannins 

 

A Project Report for E&J Gallo Winery and Worcester Polytechnic Institute 

 

Submitted to the Faculty of the  

 
Department of Chemical Engineering 

Worcester Polytechnic Institute 

Worcester, MA 01609 

 

And  

 
Modesto, CA 95354 

 

April 4, 2017 

  



     

 

    CONFIDENTIAL TRADE SECRET MATERIAL 

    LIMITED ACCESS AND DISTRIBUTION 

 

CONFIDENTIAL TRADE SECRET MATERIAL        4/2/2017 

LIMITED ACCESS AND DISTRIBUTION 
1 of 189 

Table of Contents 

Table of Contents ............................................................................................................................ 1 

List of Tables .................................................................................................................................. 4 

List of Figures ................................................................................................................................. 5 

List of Equations ............................................................................................................................. 6 

Acknowledgements ......................................................................................................................... 7 

Abstract ........................................................................................................................................... 8 

Executive Summary ........................................................................................................................ 9 

Background ................................................................................................................................... 12 

History of Winemaking............................................................................................................. 12 

Process of Winemaking ............................................................................................................ 13 

Sensory Evaluation ................................................................................................................... 15 

Tannins Being Observed ........................................................................................................... 16 

Purpose .......................................................................................................................................... 18 

Expected Benefits ......................................................................................................................... 19 

Experimental Background & Methodology .................................................................................. 20 

Separation and Extraction Techniques...................................................................................... 21 

Cooking Conditions .............................................................................................................. 21 

Column Chromatography...................................................................................................... 24 

Distillation............................................................................................................................. 25 

Steam Stripping ..................................................................................................................... 29 

Falling Film Evaporator ........................................................................................................ 31 

Liquid-Liquid Extraction ...................................................................................................... 33 

Lab Tests at Gallo ..................................................................................................................... 36 

Results ........................................................................................................................................... 37 

Cooking ..................................................................................................................................... 37 

Effect of Total Suspended Solids and Alcohol Content ........................................................... 37 

Acetic Acid Production ............................................................................................................. 38 

Sensory Testing ......................................................................................................................... 39 

Analytical Lab Results .............................................................................................................. 40 

Effects of Alkaline on Methoxyphenol Production .................................................................. 41 

Liquid-Liquid Extraction (LLE) ............................................................................................... 44 



     

 

    CONFIDENTIAL TRADE SECRET MATERIAL 

    LIMITED ACCESS AND DISTRIBUTION 

 

CONFIDENTIAL TRADE SECRET MATERIAL        4/2/2017 

LIMITED ACCESS AND DISTRIBUTION 
2 of 189 

Scale-Up ................................................................................................................................ 47 

Batch Distillation ...................................................................................................................... 49 

Steam Stripping ......................................................................................................................... 57 

Sequential Distillation ............................................................................................................... 60 

Column Chromatography.......................................................................................................... 60 

Wine Dosing ............................................................................................................................. 66 

Aspen Simulation Results ............................................................................................................. 69 

Distillation................................................................................................................................. 69 

Falling Film ............................................................................................................................... 70 

Liquid-Liquid Extraction .......................................................................................................... 70 

Conclusions and Recommendations ............................................................................................. 72 

References ..................................................................................................................................... 76 

Appendices .................................................................................................................................... 78 

Appendix I: Experimental Procedures ...................................................................................... 78 

I.A Cooking: ......................................................................................................................... 78 

I.B Liquid-Liquid Extraction: ............................................................................................... 78 

I.C Column Chromatography: .............................................................................................. 78 

I.D Rotary Evaporator (Rotovap): ........................................................................................ 79 

I.E Liquid-Liquid Extraction ................................................................................................ 79 

I.F Steam Stripping ............................................................................................................... 79 

Appendix II: Important Data/Graphs/Pictures .......................................................................... 82 

II.A Cooking ......................................................................................................................... 82 

II.B Liquid-Liquid Extraction ............................................................................................... 90 

II.C Batch Distillation ........................................................................................................... 94 

II.D Steam Stripping ........................................................................................................... 101 

II.E Wine Dosing ................................................................................................................ 106 

Appendix III: Aspen Results ................................................................................................... 107 

III.A: Distillation Column ................................................................................................... 107 

III.B: Liquid-Liquid Extraction .......................................................................................... 124 

Appendix IV: Raw Data.......................................................................................................... 128 

IV.A Cooking ...................................................................................................................... 128 

IV.C Batch Distillation ....................................................................................................... 130 

IV.D Steam Stripping.......................................................................................................... 132 



     

 

    CONFIDENTIAL TRADE SECRET MATERIAL 

    LIMITED ACCESS AND DISTRIBUTION 

 

CONFIDENTIAL TRADE SECRET MATERIAL        4/2/2017 

LIMITED ACCESS AND DISTRIBUTION 
3 of 189 

IV.E Column Chromatography ........................................................................................... 146 

IV.F Dosing......................................................................................................................... 148 

Appendix V: Lab Notebook .................................................................................................... 149 

 

  



     

 

    CONFIDENTIAL TRADE SECRET MATERIAL 

    LIMITED ACCESS AND DISTRIBUTION 

 

CONFIDENTIAL TRADE SECRET MATERIAL        4/2/2017 

LIMITED ACCESS AND DISTRIBUTION 
4 of 189 

List of Tables 

Table 1: List of Boiling Temperatures (Restek), Molecular Weight, Vapor Pressure, and 

Flavor/Smell Components ............................................................................................................ 27 

Table 2: Analytical Tests at Gallo ................................................................................................ 36 
Table 3:Table 3: MF2 1:1 Extraction Components ...................................................................... 45 
Table 4: MF2 1:2 Aroma and Volume Results ............................................................................. 45 
Table 5: Scale-Up Results for MF2 1:1 Extraction ...................................................................... 48 
Table 6: Scale-Up Results for MF2 1:2 Extraction ...................................................................... 48 

Table 7: Sensory Results from First Pass Elutions ....................................................................... 64 
Table 8: Sensory Results from Second Pass Elutions ................................................................... 66 
Table 9: Bed Volume 4 Dosing Results ........................................................................................ 67 

Table 10: Bed Volume 4 Dosing Results ...................................................................................... 67 
Table 11: Bed Volume 6 Dosing Results ...................................................................................... 68 

 

  



     

 

    CONFIDENTIAL TRADE SECRET MATERIAL 

    LIMITED ACCESS AND DISTRIBUTION 

 

CONFIDENTIAL TRADE SECRET MATERIAL        4/2/2017 

LIMITED ACCESS AND DISTRIBUTION 
5 of 189 

List of Figures 

Figure 1: Overall Project Methodology ........................................................................................ 20 
Figure 2: Various Pressure and Time Effects on Concentration of ELT Waste Stream ............... 21 
Figure 3: Outline of Cooking Process ........................................................................................... 22 
Figure 4: High Pressure Soxhlet Extractor (used for cooking) ..................................................... 23 
Figure 5: Results from Past Study on Methoxyphenol Production (Peng) ................................... 24 

Figure 6: Column Chromatography Process ................................................................................. 25 
Figure 7: Distillation Column Separation ..................................................................................... 28 
Figure 8: Distillation Column Set-up ............................................................................................ 29 
Figure 9: Steam Stripping Column Set-up .................................................................................... 31 
Figure 10: Falling Film Evaporator (Evaporation Technique, 2016) ........................................... 32 

Figure 11: Bench-scale Rotary Evaporator Set-up ....................................................................... 32 

Figure 12: Liquid-Liquid Extraction Process ............................................................................... 34 

Figure 13: Liquid-Liquid Extraction Set-up ................................................................................. 34 
Figure 14: Liquid-Liquid Extraction Lab Process (Multi-stage) .................................................. 35 

Figure 15: TSS versus Post-Cook pH ........................................................................................... 38 
Figure 16: Alcohol Concentration versus Post-Cook pH with 5 grams of oak ............................ 39 

Figure 17: All Cooking Trials (for TSS & Percentage Alcohol) .................................................. 40 
Figure 18: Precipitation During pH Decrease Step....................................................................... 42 
Figure 19: Effect of Base on Methoxyphenol Production ............................................................ 43 

Figure 20: Evaporated K2CO3 Samples ....................................................................................... 44 
Figure 21: MF2 1:1 Extraction Components ................................................................................ 46 

Figure 22: MF2 1:2 Extraction Components ................................................................................ 47 
Figure 23: Distillation Column Set-Up for 10% Ethanol Trial..................................................... 50 

Figure 24: Distillation Results (Absolute) of 5 Gram Oak, 10% Ethanol .................................... 51 
Figure 25: pH Trend for 5 Gram Oak, 10% Ethanol Distillation Trial......................................... 51 

Figure 26: Distillation Column Set-Up for 20% Ethanol Trial .................................................... 52 
Figure 27: Distillation Results (Absolute) of 5 Gram Oak, 20% Ethanol .................................... 53 
Figure 28: Distillation Results (Absolute) of 5 Gram Oak, 20% Ethanol .................................... 54 

Figure 29: pH Trend for 5 Gram Oak, 20% Ethanol Distillation Trial......................................... 54 
Figure 30: Distillation Column Set-Up for 20% Ethanol Trial..................................................... 55 

Figure 31:Distillation Results (Absolute) of 5 Gram Oak, 10% Ethanol ..................................... 56 
Figure 32: Distillation Results (Absolute) of 5 Gram Oak, 10% Ethanol .................................... 56 
Figure 33: pH Trend for 5 Gram Oak, 15% Ethanol Distillation Trial......................................... 57 
Figure 34: Steam Stripping at Feed Flow Rate of 8 RPM ............................................................ 58 

Figure 35: Steam Stripping at Feed Flow Rate of 6 RPM ............................................................ 58 

Figure 36: Steam Stripping Fortified Feed at Flow Rate of 8 RPM ............................................. 59 

Figure 37: Column Depletion Results Using ELT-03 as Feed (Taken from Devin Ergler) ......... 61 
Figure 38: Column Depletion Results Using MF2 as Feed .......................................................... 61 
Figure 39:First Pass Column Elution Results ............................................................................... 62 
Figure 40:pH Trend First Pass Column Elution ........................................................................... 63 
Figure 41: Second Pass Column Elution Results .......................................................................... 65 

Figure 42: pH Trend Second Pass Column Elution ...................................................................... 65 
  



     

 

    CONFIDENTIAL TRADE SECRET MATERIAL 

    LIMITED ACCESS AND DISTRIBUTION 

 

CONFIDENTIAL TRADE SECRET MATERIAL        4/2/2017 

LIMITED ACCESS AND DISTRIBUTION 
6 of 189 

List of Equations 

Equation 1: Formation of Alcohol from Sugar and Yeast ............................................................ 13 
Equation 2: The Kremser Equation............................................................................................... 47 

Equation 3: Stripping Factor ......................................................................................................... 47 
Equation 4: Distribution Factor .................................................................................................... 48 
  



     

 

    CONFIDENTIAL TRADE SECRET MATERIAL 

    LIMITED ACCESS AND DISTRIBUTION 

 

CONFIDENTIAL TRADE SECRET MATERIAL        4/2/2017 

LIMITED ACCESS AND DISTRIBUTION 
7 of 189 

Acknowledgements 

Thank you to the two project advisors Nikolaos Kazantzis and David DiBiasio for their 

encouragement and feedback during this project. Another massive thank you to Alex Kopchik 

and Ravi Ponangi, the on-site project advisors for helping out with research, calculations, and 

brainstorming ideas. Finally, a massive thank you to each and every single one of the Process 

Technology employees at E&J Gallo for their willingness to help run experiments and show their 

support for this project. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



     

 

    CONFIDENTIAL TRADE SECRET MATERIAL 

    LIMITED ACCESS AND DISTRIBUTION 

 

CONFIDENTIAL TRADE SECRET MATERIAL        4/2/2017 

LIMITED ACCESS AND DISTRIBUTION 
8 of 189 

Abstract 

E&J Gallo (Gallo) currently has a large waste stream that is a by-product of their oak 

toasting process in Livingston, CA that is used for flavor production. These materials are currently 

being stored and contain components that are of interest to the company. Because the process 

comes from oak, Gallo would like to use this existing waste stream to deliver a new tannin product 

differentiation tool. The goal of this project was to develop various isolation and extraction 

processes to separate the smoky flavors in the waste stream. In order to do this, the concentrations 

were first increased through pressure cooking and then exposed to five different 

separation/extraction processes: liquid-liquid extraction, column chromatography, batch 

distillation, steam stripping, and evaporation. Once the ideal tannins were extracted, the final step 

was to dose and spike wines to come up with the right flavor profile. While there were some results 

that were not conclusive, there was a positive outcome from other trials that will allow the 

company to create new aroma notes that may increase commercial sales and save the company 

money by removing the need to process the waste stream. 
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Executive Summary 

This report was a cumulative effort between Worcester Polytechnic Institute and E&J Gallo 

Wineries. This project examined the analysis of smoky oak tannins (“Smoak”) in a large waste 

stream. The purpose of this project was to use this waste stream to deliver a new smoke tannin 

product differentiation tool for the company. Analysis of different compounds of interest in each 

solution was conducted primarily through three processes: increasing the production of 

methoxyphenols through cooking, various extraction/separations techniques, and dosing the 

extracted tannins in wine to create new aroma notes. The extraction/separation techniques used in 

this project were liquid-liquid extraction (LLE), batch distillation, steam stripping, and column 

chromatography. The compounds of focus were guaiacol and syringol. Guaiaicol is known for its 

smoky aroma whereas syringol is known for its mouth-feel and taste. Vanillin and other tannins 

are also included in the data for Gallo’s future interest. Unfortunately, Gallo was unable to obtain 

the waste stream of interest for this project, the Extracted Livingston Tannin (ELT-03) stream and 

so commercial tannins were used instead.  

The major focus of this project involved the analysis of methoxyphenol production through 

cooking. Two different types of trials were conducted: one where total suspended solids (TSS) 

were varied and one where potassium carbonate was used to adjust the pre-cook pH. In total, 

thirteen trials were conducted. The results with varying TSS show that the post-cook pH decreased 

more with increasing oak chips (the solids), however this trend was not necessarily true for syringol 

and guaiacol production. The ideal TSS was found to be five grams of oak. With the use of 

potassium carbonate as the alkaline base, the results showed that the methoxyphenol 

concentrations increased 3-fold, giving promising results for separation. 

Another focus involved the separation and extraction of guaiacol and syringol. The 
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methods used—batch distillation, steam stripping, and LLE—yielded mediocre separation results. 

An attempt was made to simulate the distillation and extraction by using AspenPlus, a simulation 

software, but due to the non-ideal nature of the solution, the system was not obtaining real world 

results. For batch distillation and steam stripping, the separation was as expected with guaiacol 

coming off the condensate, and syringol concentrating in the residual/bottoms. In order to improve 

separation, Gallo should look into a sequential distillation process that first utilizes steam stripping 

and then batch distillation. Because there was more guaiacol in the bottom during steam stripping, 

Gallo should attempt sequential distillation to see the separation potential. LLE results essentially 

showed the entire feed matrix coming out with the solvent stream, indicating that a five stage 

extraction may be too high. It would be interesting for Gallo to do a simple one stage extraction to 

get a better idea of the separation in the raffinate and extract streams.  

Overall, the best results came from column chromatography elutions. With column 

chromatography, the second pass elution showed promising results, both aromatically and 

analytically. There reached a point where the aroma was predominately smoky and smelled like 

pure guaiacol, of which analytical results showed high concentrations. The highest concentration 

of guaiacol and syringol in both elutions occurred around 40-60% elution, which is an economic 

advantage for Gallo. This is because high proof ethanol is costly, so with the knowledge that 

elution results are optimal at 40-60%, higher concentrations of ethanol do not need to be used for 

elution – thus saving the company money. Though the elution results were positive, the column 

adsorption results were poor, but this may be due to the increased number of tannins present in the 

feed, thus leaving less room for the guaiacol and syringol to adsorb onto the FPX-66 resin.  

The final component of this project examined spiking wine with the eluted samples from 

column chromatography. With wine dosing, the best aroma/flavor was achieved at approximately 
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43 ppb of guaiacol, which allows the company to dial back on their 75 ppb guaiacol goal in each 

sample. This is a promising result that can be further expanded through more taste and aroma trials 

that will allow Gallo to come up with new aroma notes. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Disclaimer: Due to the similarities with the parallel 2017 Gallo MQP, there are components of 

this report that are shared in both papers, predominantly in the sections regarding background 

and steam stripping/distillation. There are also similarities to the 2014 Gallo MQP in terms of 

background information for Gallo-specific processes. 
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Background 

History of Winemaking 

Wine has been a part of human history since before civilization. According to 

paleontologists, some form of wine has been around for more than 100,000 years. From Arabs in 

early Mesopotamia, Egyptian pharaohs, and the ancients Greeks, all the way to today’s society, 

humans throughout history have been consuming wine (Vine et al., 2002). Despite its long history, 

Christianity is considered by some as the reason that wine has become the developed industry it is 

today. Christ offering his cup at the Last Supper motivated monks to plant vineyards wherever 

they settled during the Middle Ages and the Renaissance, and this movement lasted into the New 

World, with the development of wines in both New York and California, but it wasn’t until 1860 

with Pasteur's discoveries that people understood the process behind fermentation (Vine et al., 

2002). However, the mid 1800s saw an infestation of Black Rot fungus, which caused a lot of 

discouragement to winemakers. To battle the fungus, a disease-resistant vine was produced in 

1854, after 7 years of testing. The cost was $5 per vine, which was an incredibly high price at the 

time, but the disease-resistant vines brought back the enthusiasm of the winemakers after the 

fungus epidemic. At the same time, vines from American vineyards were taken to Europe to help 

combat the Phylloxera root louse that was destroying European grapevines. As a result, there are 

still classic vines in European countries, such as France, that are still grafted on the American roots 

(Vine et al., 2002). 

In addition to the problems caused by rot and fungus, the prohibition movement, started in 

1846 in Maine, caused significant damage to the wine industry, and resulted in the burning of 

much of the recorded history of American wine. The prohibitionists worked to strike the word 
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wine from the Bible, claiming it was actually “grape juice,” and tried to ban Greek and Roman 

classic literature that mentioned wine. While some winemakers got around the Volstead Act, which 

approved prohibition across America, by marketing their wine as medicinal, sacramental, or as 

cooking wines, many others were forced to shut down their businesses (Vine et al., 2002). Despite 

prohibition, home winemaking became legal, and allowed each household to produce up to 200 

gallons of wine per year for household consumption. Regardless, some winemakers chose to 

continue production illegally, and became bootleggers, which then became a huge industry for 

gangster networks, who could get around law enforcement.  Finally, in December of 1933, the 

Repeal came into effect, and ended the continued destruction to the wine industry in America (Vine 

et al., 2002). Since the end of prohibition, the wine industry has boomed. 

Today, it is estimated that approximately 1 in every 100 people works in the wine industry, 

whether at the vineyard, the winery, or in the wine marketing sector. Additionally, it is estimated 

that the French and the Italians consume about 16 gallons of wine per person per year, as opposed 

to the 2 gallons per person per year in the United States (Vine et al., 2002). As a whole, the wine 

trade has maintained a sense of stability and proved itself as a lasting industry. 

Process of Winemaking 

Wine is produced through a chemical reaction called fermentation, which uses the yeast on 

the grape skins and, if desired, added yeast to create an alcoholic solution from the grapes’ juices. 

The glucose from the grapes reacts with the yeast to form both ethanol and carbon dioxide, as 

shown in Equation 1 (Boulton et al., 2002).        

Equation 1: Formation of Alcohol from Sugar and Yeast 

C6H12O6 + Yeast → 2C2H5OH + 2CO2 
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The process begins with collection during the harvest. Afterwards, the grapes are exposed 

to approximately 30-100 ppm sulfur dioxide to kill and prevent any further growth of unwanted 

bacteria on the grapes before undergoing fermentation (Boulton et al. 2002 and Vine et al., 2002). 

Dry wines can be protected from the bacteria with the low end of 30 ppm sulfur dioxide while 

wines that have residual fermentable sugar are protected by 100 ppm or more sulfur dioxide (Vine 

et al., 2002) Finally, the wine is clarified before it is distributed to customers (Boulton et al., 2002).  

While the general fermentation processes between red and white wine are essentially the 

same, the initial process differs. Red wine gets its color from the tannins in grapes (tannins are a 

material naturally in plants that precipitate protein), so the juice is allowed to stay in contact with 

the skins during fermentation. White wines, on the other hand, are made by pressing the grapes as 

quickly as possible and removing the skins, thus reducing contact time. The lower contact time 

gives less time for the color and tannins to seep, giving a whiter color and different flavor. 

Additionally, red wines must mature, while maturation is less important for white wines (The 

Difference Between Red and White, n.d.).  

One of the most important steps of the winemaking process involves the sensory 

component, generally completed during mixing. For example, red wines are aged in oak barrels so 

that the oak tannins can be extracted. The oak tannins create a smoky flavor in the wine (Kopchik, 

2016 and Vine, 2002). Other factors that play into the overall flavor of the wine are sweetness, 

acidity, body, and fruit. Sweetness is controlled by how much sugar is left unfermented in the 

wine, while acidity is a measure of tartness. As a result, a balance between acidity and sweetness 

must be achieved to obtain an optimal flavor (Vine, 2002). The body of a wine is similar to the 

mouth feel, or how the wine feels in the mouth, whether heavy or light. Finally, the fruit flavor in 

the wine has a huge impact on how the wine is perceived by tasters. The intensity of the fruit flavor 
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varies with the alcohol content; the pH; and the aging material, as some wines are aged in oak 

barrels while others are aged in steel containers (Vine, 2002). 

Sensory Evaluation 

While the sensory components of wine are adjusted during the winemaking process, there 

are several different aspects that affect the tasting process. Some of these aspects include the 

physiological standings of the taster—hunger, fatigue, ability to smell and taste, et cetera (LaMar, 

2001). Others involve both the shape and size of the wine glass, as different sizes affect the 

collection of wine volatiles (Mansfield, 2010). The combination of these attributes, along with a 

tasting process, allow a person to thoroughly experience and taste a wine.  

The tasting process includes four elements: smell, taste, feeling, and seeing. A person’s 

sense of smell is about 1,000 times more sensitive than their sense of taste, and as a result, smell 

is one of the most important elements in wine tasting. In fact, the flavor a person tastes is greatly 

influenced by smell, with about 75% of the flavor coming from smell, or olfaction, and the other 

25% coming from taste, or gustation. With these facts in mind, the first step of the tasting process 

is to swirl the wine in the glass and smell the aroma. Doing this can give the taster an indication 

of the alcohol level in the wine. If the smell is similar to rubbing alcohol, the alcohol content is too 

high for the type of wine. Additionally, if upon tasting, the wine as a hot sensation, it is possible 

again that the alcohol content is high. However, if the wine “feels thin and unsatisfying on the 

palate,” then the alcohol content is on the low side (5 Key Wine Components, 2012).  

The combination of smelling, tasting, feeling, and seeing lead to a taste process that is 

thorough and thoughtful. To start tasting, about one-third or less of a wine glass should be filled, 

as this allows the vapors to stay in the glass. The wine should then be swirled in the glass to bring 

some of the vapor molecules into the air and increase the surface area for vapor to move. Next, 
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one should smell the wine to play to the olfactory senses. This prepares the brain for the flavor to 

come. After smelling the wine, a sip should be taken and swirled around the mouth. This allows 

the taster to experience the mouthfeel of the wine. Slurping while drinking aerates the wine, 

volatizing it, which increases the intensity of the smell and flavor (LaMar, 2001). The taste testing 

process is an important part of analyzing the wine flavors produced during ingredient development 

and can be used to help ensure that a wine will be liked by consumers. 

Tannins Being Observed 

E&J Gallo has two major tannin production processes: ELT and LLT. At Gallo, the tannins 

from these two processes are combined together and treated to produce a final product that can be 

added to wine. 

The Extracted Livingston Tannin (ELT) is produced by toasting oak chips in a rotary 

toaster followed by three washes. The chips are placed in a 13% ethanol bath and then two separate 

water baths for 24 hours each. The bath solutions are then combined and evaporated so that the 

desired tannins are concentrated at the bottoms and the oak condensate can be collected separately. 

At this point, the condensate is subject to many pH shifts and put through evaporation processes 

to increase the concentration of the tannins. The pH is first increased to 10 to reduce the volatility 

of the acidic solution and allow the ring structures of the tannins to open before going through an 

evaporation process. The pH is then increased to 12 to further the reaction and again evaporated 

to increase tannin concentration. In order to stop the reaction, the ring structures must be closed, 

so the product from evaporation is treated with citric acid to bring the pH down to 3. The 

condensate solution is then subject to column chromatography where the the solution is washed 
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with two 40% ethanol washes followed by two to three 80% ethanol washes to obtain the final 

product (Ames & Walker, 2014). 

The Livingston Liquid Tannin (LLT) has a much simpler production process, as it is just a 

highly concentrated condensate product formed from the wood toasting process. This condensate 

is condensed and concentrated by a factor of ten and then purified through column 

chromatography. In the resin column, the solution is washed with two 40% ethanol washes and 

two 80% ethanol washes to give the final product (Ames & Walker, 2014). 
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Purpose 

The main purpose of this project was to use the waste stream from the ELT process and 

separate the desired flavors. The ELT-03 waste stream was a by-product of E&J Gallo’s primary 

oak extraction step involved in flavor production. This stream contained ethanol, water, and other 

organic compounds. These other organic compounds include guaiacol, syringol, and other 

methoxyphenol and non-methoxyphenol compounds. Each of these compounds had a different 

flavor profile, but the products with smoke flavor were of importance in this project. 

Unfortunately, due to the processing time of the oak chips, the ELT-03 waste stream was not 

available for testing. Instead, many stand-ins such as MF2 (Mocha Fume 2), lab-made oak slurries 

of various concentrations, and another waste streams (CT-04) were used. Using these stand-ins 

should, in theory, yield similar results to the waste stream except with cleaner results.  Once these 

components were extracted, they were able to be added to unprocessed wine for flavoring. 
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Expected Benefits 

          By recycling the ELT-03 waste stream, it is expected that Gallo will save money on 

treatment processes, as the amount of waste will be decreased.  As an added bonus, creating a new 

smoky flavor may allow Gallo to start a new line of wines, thus increasing commercial sales. 

Because the process will not require the use of any new equipment, production costs should not be 

affected, and Gallo should instead see an increase in their revenue. 
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Experimental Background & Methodology 

The two main smoky flavors of importance were predominantly guaiacol and syringol. 

These were found in very small concentrations in the waste stream (parts per million) and needed 

to be separated from the rest of the waste stream. Once the desired smoky flavors were separated, 

it was possible to add them to wines in different samples and conduct taste tests to determine 

optimal flavor. The final step was to use this concentration to estimate the feasibility of production 

as well as provide a case count based on the quantity of the flavor necessary for each bottle of 

wine. This process is illustrated in Figure 1 below. 

Figure 1: Overall Project Methodology 

 

There were five ideas for separation: distillation, steam stripping, column chromatography, 

evaporation, and liquid-liquid extraction, which are described in further details in the next section. 

Bench scale trials were conducted to find the ideal scheme for isolation/separation of guaiacol and 

syringol in the waste stream. 

 

 

Pressure Cooking

•Formation of 
methoxyphenols
from lignins

•Primarily 
guaiacol and 
syringol

Separation Processes

•Column 
Chromatography

•Batch Distillation

•Steam Stripping

•Liquid-Liquid 
Extraction

•Evaporation

Wine Spiking

•Blending syringol
& guaiacol

Feed: ELT-03 Waste Stream 



     

 

    CONFIDENTIAL TRADE SECRET MATERIAL 

    LIMITED ACCESS AND DISTRIBUTION 

 

CONFIDENTIAL TRADE SECRET MATERIAL        4/2/2017 

LIMITED ACCESS AND DISTRIBUTION 
21 of 189 

Separation and Extraction Techniques 

Cooking Conditions 

One way to increase the compounds of importance was to introduce the waste stream to 

different pressure, temperature, and pH ranges to try and increase the guaiacol and syringol 

concentrations in the stream. Gallo had already conducted proof of concept experiments in their 

lab using their small pressure-rated cooking vessel in the past to try to raise these concentrations. 

As seen in Figure 2, the waste stream lignins are converted to guaiacol and syringol at high 

temperatures, pH levels, and with more cooking time.  

Figure 2: Various Pressure and Time Effects on Concentration of ELT Waste Stream  

(provided by Gallo) 

 

Based on past work conducted by intern Devin Ergler in 2014, optimal cooking parameters 

were found to be at a basic pH of 12, 40 psig maximum cooking pressure, and 120 minutes of 

cooking time. From this information, Gallo wanted to gain an understanding of the total suspended 
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solids versus alcohol content in the cooked product. In order to understand this, various slurries of 

oak, water, and ethanol were mixed and cooked in a high pressure Soxhlet extractor, seen in Figure 

4. The process is outlined below in Figure 3. 

Figure 3: Outline of Cooking Process 

 

The pH was increased to 12 using potassium hydroxide in order to open the ring structures 

of the lactones and shift the reaction. After the cooking process, the pH was adjusted to 3-3.5 in 

order to increase the volatile aroma compounds and to re-close the ring structures. A more detailed 

procedure can be found in Appendix I.A. Once cooked, 50 mL of the sample was sent to the lab 

to test for aroma compounds and alcohol content. The rest of the samples were stored for further 

separations and extractions processing. 
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Figure 4: High Pressure Soxhlet Extractor (used for cooking) 

 
Further research also indicated that methoxyphenol production is affected by the type of 

alkaline used to initially increase the pH of the slurry to 12. A study showed that “carbonates 

obviously promoted the production of methyoxyphenols while hydroxides greatly increased the 

alkyl-phenol production” (Peng, 2014). As seen in Figure 5, the 2-methoxyphenol production 

increases 3-fold when potassium carbonate (K2CO3) is used as the alkaline additive instead of 

potassium hydroxide (KOH). Once the optimal total suspended solid was determined with KOH 

as the alkaline, K2CO3 was also used to see the effects on guaiacol and syringol increase. 
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Figure 5: Results from Past Study on Methoxyphenol Production (Peng) 

 
All in all, thirteen different trials were conducted where total suspended solids versus 

alcohol content and the effects of alkalinity were tested. Once the optimal cooking parameters 

were found and these concentrations were increased, the next step was to try to separate out the 

smoke components. 

Column Chromatography 

 Chromatography, in general, is used to separate components. Column chromatography, 

specifically, also purifies components. These components are separated into two different phases: 

mobile phase and stationary phase (“CHE310: Column Chromatography”, n.d.). The stationary 

phase in column chromatography is the packed resin bed, a solid adsorbent placed in a glass 

column. The mobile phase is added to the top of the glass column and allowed to flow through the 

stationary phase using external pressure (a peristaltic pump). In theory, the mobile phase is the 

ELT-03 stream, but Mocha Fume 2 diluted with water and CT-04 was used instead. The column 
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was packed at a 50 milliliter bed volume of FPX-66 resin, a food grade adsorbent resin used in 

Gallo’s lab. The overall process of column chromatography is illustrated in Figure 6.  

Figure 6: Column Chromatography Process 

 

There were 20 liters of the feed added to the column where the flow rate was controlled 

with the pump around 8-10 milliliters/minute. The stream exiting the resin column contained the 

depleted tannins and samples were collected every 4 liters in order to map out how much of the 

tannins adsorbed onto the resin column. Once all 20 liters were depleted, the column was eluted 

with ten bed volumes of ethanol at various ethanol concentrations: 20%, 40%, 60%, 80%, and 

95%. The depleted tannins were then re-fed through the resin column and eluted in order to 

further separate and purify the components in the feed stream.  

Distillation 

 Distillation is a process of separation that can generally occur in either a batch process or 

a continuous process. Batch distillation tends to have a product with a lower alcohol content than 

with continuous distillation. With the production of alcoholic beverages, the distillation process 

separates alcohol and water. Heat is used to vaporize one of the components and isolate the alcohol 
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and congeners within the feed (Total Wine & More, 2016 and How Distilling Works, n.d.). The 

first part of the alcohol mixture, known as the wash, is the heads. The heads contains the materials 

that have lower boiling points, such as ethanol and syringol. The seconds part of the wash to 

vaporize is the hearts. The hearts have the highest concentration of the desirable alcohols, such as 

the esters, which contribute fruity flavors. Finally, the last part of the wash to vaporize is tails. The 

tails has predominantly water. Like in non-alcohol based distillation, each stream will have 

different concentrations of each component than originally found in the feed (Total Wine & More, 

2016 and How Distilling Works, n.d.). 

The distillation process starts with a base containing sugars. The sugars are converted in 

the fermentation process into alcohol, which is then distilled. After distillation, flavoring can be 

adjusted to change the style and flavor template. In the wine process, the grape juice is fermented, 

and the product can then be distilled into brandy (Total Wine & More, 2016 and How Distillation 

Works, n.d.). Higher alcohol content in wine or wine products such as brandy require distillation 

because fermentation is not enough to get achieve the high alcohol content. Alcohol levels around 

14-18% are toxic to the yeast in the fermentation process. As a result, another method must be 

used to get a more concentrated beverage (How Distillation Works, n.d.).   

The main organic compounds of focus were syringol and guaiacol. As seen in Table 1, 

these have very different boiling points, so it would normally be very difficult to get the two 

organic compounds out together. 
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Table 1: List of Boiling Temperatures (Restek), Molecular Weight, Vapor Pressure, and Flavor/Smell Components 

Component 

Boiling 

Temperature 

(oC) 

Molecular Weight 

(g/mole) 

Vapor Pressure 

(20-25 C) 
Flavor/Smell 

Ethanol 78.37 46.068 7.33 kPa Sweet 

Water 100 18.02 3.17 kPa - 

Guaiacol 204-206 124.14 0.0137 kPa 
Roasted 

Coffee 

Syringol 50-57 154.165 0.000823 kPa Smokey 

 

 The idea for the distillation column was to have ethanol and guaiacol come off the top of 

the column and water and syringol off the bottoms stream, as seen in Figure 7. Once separated, the 

residual stream and condensate stream can be evaporated using a rotary evaporated, which will be 

described in a later section, to concentrate the guaiacol and syringol. 
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Figure 7: Distillation Column Separation 

 

Three different distillation trials were conducted using the material from the cooking trials 

at three different alcohol levels and with different column types. The condensate was then collected 

in increments of 10% of the feed volume in order to map out separation of the important 

components. This set-up can be seen in Figure 8. These results were then compared with expected 

results from Aspen simulation software.  
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Figure 8: Distillation Column Set-up 

 

Steam Stripping 

Steam stripping is a type of distillation that makes use of steam at the bottom of the column 

instead of using a reboiler.  In steam stripping, water is the heavy component from which the other 

components, generally volatile organics, are separated (Steam Stripping, n.d.). There are several 

typical applications which stream stripping can be used for, including alcohol removal from water. 

The process will usually take place at temperatures close to 100oC, the boiling point of water. 

While steam stripping requires lower operating temperatures than air stripping, another separation 

technique, steam stripping is more capital intensive (Steam Stripping, n.d.). 

In steam stripping, steam is injected into the bottom of a tower as a means of heating the 

system and beginning vapor flow. The heat provided from the steam then brings the organic 
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material, in this case, alcohol, into the vapor phase, where it can be carried out the top of the 

column. The stream is fed into the top of the column, and vaporization occurs as the feed falls 

(Steam Stripping, n.d.). The flow rate and pressure of the steam varies with the operating pressure, 

the material being separated, and the desired percentage of separation. The separation 

thermodynamics cannot be based on Henry’s law because of the temperatures, interactions 

between materials, and varying concentrations, so the non-random two liquid (NRTL) activity 

coefficient model is used. It is recommended that laboratory tests be completed to determine the 

varying parameters, but usually vapor pressure data proves to be adequate (Steam Stripping, 

n.d.).  This information was important while completing Aspen simulations. 

The CT-04 waste stream was used as feed for steam stripping where 500 milliliters was fed 

to the system and completely stripped. The set up for this experiment can be seen in Figure 9. 

Various trials were conducted where the flowrate was adjusted and the feed was fortified. The 

condensate and bottoms were then sent for sample analysis. 
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Figure 9: Steam Stripping Column Set-up 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

Falling Film Evaporator 

The falling film evaporator works as a special type of heat exchanger and can be used to 

increase the concentration of certain components in the liquid. Here, the feed enters the top of the 

tubes and flows down, due to gravity, the evaporator. Steam is used as an external heating source, 

and two phases form inside the tubes and are separated by means of an external separator. As the 

waste stream flows down the tube, partial evaporation occurs, which can increase the composition 

of the desired guaiacol and syringol in the stream. This concept is demonstrated in Figure 10. 
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Figure 10: Falling Film Evaporator (Evaporation Technique, 2016) 

 

Gallo has a LUWA-type falling film evaporator that separates light and heavy components 

using indirect heat transfer. However, the large scale evaporator was never used due to time 

constraints. Instead, smaller rotary evaporators were used for separation. The rotary evaporator, as 

seen in Figure 11, consists of a vacuum system, a condenser, and a motor unit that rotates the feed. 

The water bath was increased to about 70oC, the chiller adjusted to -3oC, and the feed was added 

to a round bottom flask and rotated. The vacuum was then turned down and the pressure was set 

to 300 milliPascals (mPa) until a desired ratio of condensate to residual was attained. 

 

 

 

 

 

Figure 11: Bench-scale Rotary Evaporator Set-up 
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Liquid-Liquid Extraction 

This separation technique is based on solubility. In theory, the waste stream would be 

combined with a solvent in order to separate the aqueous and non-aqueous phases to extract only 

the desired organic compounds (M., 2010). As seen in Figure 12, the feed and the solvent mix 

together to pull out the desired solute, in this case guaiacol and syringol, into the extract stream. 

Figure 13 shows the physical set-up of the liquid-liquid extraction process. 
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Figure 12: Liquid-Liquid Extraction Process 

 

Figure 13: Liquid-Liquid Extraction Set-up 

 

N-butanol was the solvent of choice as it ties to another project where n-butanol can be 

separated from the fusel oil side stream from brandy stills. Bench trial scales were conducted using 
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a separatory funnel. Mocha Fume stand-ins were used as the feed and three trials were conducted. 

Two trials were conducted where the ratio of the feed to the solvent was maintained at a 1:1 ratio 

(50 mL each) and 1 trial was conducted where the the feed to solvent ratio was 1:2 (50 mL feed, 

100 mL solvent). These trials mocked a five stage extraction where the organic phase was treated 

as the new feed and fresh solvent was added to the separatory funnel each time. This principle is 

illustrated in Figure 14. 

Figure 14: Liquid-Liquid Extraction Lab Process (Multi-stage) 
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Lab Tests at Gallo 

At Gallo, three analytical lab tests were run on all smoak samples submitted. These tests 

are described in Table 2. 

Table 2: Analytical Tests at Gallo 

Test Name Test Purpose 

MVAZ 

-Enzymatic volatile aromas 

-Indicates amount of acetic acid 

 

MALC 
-Ethanol concentration 

 

$MAROMOAK 

-Aroma concentrations of of various 

compounds 
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Results  

Cooking 

 As previously mentioned, the optimal cooking conditions had already been determined to 

be 40 psig for 120 minutes at a pH of 12. The main focus for cooking was to discover the effect of 

methoxyphenol production from the amount of total suspended solids (TSS) and alcohol content 

as well as the use of different bases. In total, thirteen trials were conducted.  

Effect of Total Suspended Solids and Alcohol Content 

 The slurries were created with oak chips of various ethanol concentrations from 0-20% and 

the TSS varying from 1-60 gram(s). As seen in Figure 15, the post-cook pH, before it was re-

adjusted back down to 3, decreased with increasing TSS. This was due to the breakdown of the 

lignins in the oak chips during the pressure cooking step. With more oak, there is more lignin 

breaking down and, as a result, more acetic acid production which reduces the final pH from the 

starting pH of 12.  



     

 

    CONFIDENTIAL TRADE SECRET MATERIAL 

    LIMITED ACCESS AND DISTRIBUTION 

 

CONFIDENTIAL TRADE SECRET MATERIAL        4/2/2017 

LIMITED ACCESS AND DISTRIBUTION 
38 of 189 

Figure 15: TSS versus Post-Cook pH 

 

Acetic Acid Production 

 The amount of acetic acid produced for each trial was also calculated using the ICE method 

and the pKa values. The concentration of acetic acid produced was very low and these calculations 

can be found in Appendix II.C.  

 While there was a trend with TSS, varying the ethanol concentration did not have a large 

effect on post-cook pH.  Figure 16 shows four different alcohol concentrations at a constant 5 

grams of suspended solids in the slurry. In comparison to the 0% ethanol concentration, there is a 

pH decrease for the other samples in the chart. However, the trend is not consistent as the pH 

increases at 15% and 20% ethanol.  
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Figure 16: Alcohol Concentration versus Post-Cook pH with 5 grams of oak 

 

Sensory Testing 

 All samples were sent to the lab for analytical testing to get concentration profiles of the 

methoxyphenol production. However, lab results take about two weeks to process so sensory 

testing was performed at the end of the cooking trials to understand how to further experimental 

trials. The aroma for each specific trial can be found in Appendix V. Most samples had varying 

intensities of campfire smoke with notes of mocha and fall spices. In order to collect unbiased and 

well-rounded data, many employees at Gallo were asked to give their input. The sample with the 

most overall pleasing aroma was at 5 grams of oak and 10% ethanol with deep wood and pumpkin 

spices. It is important to note that the aroma of the cooked oak slurry varies significantly from the 

aroma of the ELT-03 waste stream. Devin Ergler’s results in 2014 mentioned pungent notes of 

cumin and fish along with smoky aromas while the cooked oak aromas were much cleaner. 
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Analytical Lab Results 

In terms of tannin production, there are three major tannins of focus for this MQP: syringol, 

guaiacol, and vanillin. Syringol and guaiacol are important due to their contribution of the smoky 

flavors and vanillin production is, in general, of interest for the company. There are other 

interesting trends in production of eugenol, cis-oak lactone, and trans-oak lactone that can be found 

in more detail in Appendix II. Figure 17 illustrates the different concentrations produced from 

cooking at various conditions.  

Figure 17: All Cooking Trials (for TSS & Percentage Alcohol) 

 

Looking at only guaiacol, there was a two-fold increase in concentration between the 1 

gram oak and 60 grams of oak at 10% ethanol and 120 minutes of cooking. However, the difference 

in concentration between 5 grams and 60 grams at the same conditions were minute. Another 

interesting phenomenon was the spike in guaiacol and syringol concentration when there was no 

ethanol added to the 5 grams oak slurry, suggesting that the alcohol actually negatively impacted 
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methoxyphenol production in the Soxhlet extractor. However, maintaining the pressure was a 

major challenge in this experiment, as the power had to be continually adjusted to keep a constant 

pressure.  There were many instances when the pressure would overshoot to 50 psig or undershoot 

to 35 psig with a slight change in voltage. This instability affected the reaction mechanisms and 

therefore the methoxyphenol production, which likely is what resulted in inconsistent data. From 

the data collected, no definite conclusions can be made about the effect of alcohol on the 

methoxyphenol production until more trials are conducted for reproducibility. 

 Taking into account the multiple factors, it was decided that the trial with 5 grams of oak 

and 10% ethanol was the “optimal” condition for further testing at Gallo. While other trials had 

higher syringol and vanillin concentrations, this trial had the closest aroma to what was expected. 

The TSS in the slurry also closely mimicked the ELT-03 waste stream; only 1 gram of oak would 

have been too little in the waste stream and 60 grams would be oversaturated with oak chips.   

Effects of Alkaline on Methoxyphenol Production 

 The past cooking trials were tested using KOH as the base to increase the pH before 

cooking. As mentioned before, past research indicates an increase in methoxyphenol production 

of K2CO3, as seen in Figure 5 in the Methodology. In order to test these results, 5 grams of oak 

with 10% ethanol slurries were used for consistency.  Three trials were conducted: one where the 

pH was adjusted to 12 using only KOH, one with pH adjusted to 12 using only K2CO3, and one 

where a mixture of both bases were used. There were two major issues with the use of K2CO3 only. 

The first was trying the maintain pressure in the extractor and the second problem was with 

precipitation. K2CO3 increased the production of CO2 in the extractor and the pressure would 

overshoot to 60 psig. Then, in order to maintain equilibrium, the pressure would then shoot back 
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down to zero and the cooking process would have to be restarted. The other problem was foaming 

and solidification when citric acid was added to the cooked slurry. With each increment of citric 

acid added, bubbles formed due to the reaction of citric acid with K2CO3, as seen in Figure 18. 

There reached a point around a pH of 4 where the slurry completely solidified into a peanut butter-

like texture. The solid was vigorously agitated and left sitting for a few hours and separation 

between the liquid and solid phase was noticed. Once there was known separation, the solidified 

slurry was centrifuged had approximately a 54% yield. Since the liquid recovery was so low, it 

was decided that a combination of KOH and K2CO3 should be used to increase the pH before 

cooking. After about a pH of 10, K2CO3 reaches its equivalence point in the slurry, and it takes 

almost twice as much base to increase the pH. This may have oversaturated the slurry, thus causing 

solidification during the post-cook pH adjustment. To prevent this, the pH was increased to about 

9.5 with K2CO3 and then fully increased to 12 using KOH. 

Figure 18: Precipitation During pH Decrease Step 

 

 As seen in Figure 19, the concentrations of guaiacol and syringol increased by over 50 

times when K2CO3 was used to increase the pH to 12 instead of KOH. When using a combination 

of the two bases, the guaiacol and syringol concentrations were a little smaller, but the vanillin 

concentration increased. Although the concentrations of the smoky tannins are lower, there was 

no solidification of the slurry and therefore no centrifuging step necessary. The tradeoff then 
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became liquid yield versus increased concentration. Based on the results, it was recommended that 

the last two data sets (on the right) would be great concentrations for Gallo to work with. For 

example, the ratio of K2CO3 to KOH can be further examined and developed to see if a higher 

concentration of guaiacol and syringol can be obtained. 

Figure 19: Effect of Base on Methoxyphenol Production 

 

When performing sensory analysis of these samples, it was noted that with K2CO3, the 

smoky aroma was not pertinent. Instead, there was a much stronger starchy/pretzel aroma. With 

the pH decrease, the aroma became sweeter with a slight licorice/root beer undertone. In order to 

try to get the targeted aroma and see the effects of concentration, two samples of 5 grams oak, 10% 

ethanol, and pH adjusted with only K2CO3 were evaporated using a rotary evaporator after cooking. 

The cooked slurry was evaporated until about 60% condensate was produced. One sample was 

evaporated after the pH was adjusted back down to 3-3.5 (referred to as “post-rotovap”) and 

another was adjusted back up to a pH of 12 after cooking and then evaporated and re-adjusted back 

down to 3-3.5 (referred to as “pre-rotovap”). After evaporation, the bottoms had a slight wet-wood 

aroma, more so in the pre-rotovap sample and these sensory results follow the analytics. As seen 
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in Figure 20, the guaiacol and syringol concentrations increased in the pre-rotovap bottoms sample. 

However, in the post-rotovap sample, there is a higher guaiacol concentration in the condensate. 

This may be due to the lower pH during evaporation. The tannins and aroma compounds were 

more volatile at a lower pH so guaiacol was more likely to come off as the condensate since it was 

the lighter key. 

Figure 20: Evaporated K2CO3 Samples 

 

Liquid-Liquid Extraction (LLE) 

 The purpose of LLE was to see the effect of separation using n-butanol as a solvent. Two 

trials were conducted using diluted Mocha Fumes (MF2) as the feed in a 1:1 ratio (1 part feed to 

1 part solvent). One trial was conducted using MF2 as the feed in a 1:2 ratio (1 part feed to 2 parts 

butanol). Tables 3 and 4 describe the aroma compounds during the five stage extraction. 
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Table 3: MF2 1:1 Extraction Components 

"Stage" Aroma (Organic) 
Color 

(Organic) 
Color (Aqueous) 

Volume 

(Aqueous) mL 

1 BBQ Sauce Dark Brown 
Dark/Medium 

Brown 
50 mL 

2 
Honey BBQ 

Sauce/Bacon 
Dark Brown Medium Brown 40 mL 

3 BBQ Sauce Dark Brown Honey 35 mL 

4 
Stronger bacon 

notes/hickory 
Darker Brown Light Honey ~22 mL 

5 Undertones lost Dark Brown Light Honey 18 mL 

    
Final Volume: 15 

mL 

 

Table 4: MF2 1:2 Aroma and Volume Results 

"Stage" Aroma (Organic) 
Color 

(Organic) 

Color 

(Aqueous) 

Volume 

(Aqueous) mL 

1 
Very strong butanol/light notes of 

BBQ sauce 

Dark 

Brown 

Dark/Medium 

Brown 
50 

2 
Honey BBQ sauce, notes of 

bacon 

Dark 

Brown 

Medium 

Brown 
40 

3 BBQ Sauce 
Dark 

Brown 
Honey 35 

4 Notes of bacon, strong butanol 
Dark 

Brown 
Light Honey 22 

5 
Very much butanol - undertones 

of bacon lost 

Dark 

Brown 
Light Honey 15 

    

Final Volume: 

15 mL 

(70% loss) 

 

 When n-butanol was added, the mixture separated into a dark brown, viscous layer and a 

lighter brown, nonviscous layer. Using aroma and visual senses, it was assumed that the organic 

layer (the darker, viscous layer) was the extract and the lighter layer was the raffinate. However, 

when the lab results came back, the opposite was true. The aqueous, nonorganic phase was 
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determined to be the true extract phase, as the important solutes from the feed came out in this 

phase (recall that the extract phase is solute-rich and the raffinate phase is solute lean). As seen in 

Figures 21 and 22, nothing came out in the raffinate stream (the viscous stream that was assumed 

to be the organic phase). This is perplexing because the smoke and bacon aromas were present in 

the raffinate stream. It is possible the entire feed matric was extracted along with the n-butanol and 

the smoke aroma molecules stayed behind and concentrated with the rest of the feed. This would 

explain why the darker, viscous stream lost volume over time; the solutes were pulled out and the 

aroma molecules stayed intact.  

Figure 21: MF2 1:1 Extraction Components 

 

 

 

  

0

20000

40000

60000

80000

100000

120000

140000

160000

P
P

B

Component

Feed

Extract

Raffinate



     

 

    CONFIDENTIAL TRADE SECRET MATERIAL 

    LIMITED ACCESS AND DISTRIBUTION 

 

CONFIDENTIAL TRADE SECRET MATERIAL        4/2/2017 

LIMITED ACCESS AND DISTRIBUTION 
47 of 189 

Figure 22: MF2 1:2 Extraction Components 

 

Scale-Up 

 In order to scale up the LLE results from the two conducted trials in the separatory funnel, 

the Kremser equation was used to translate the results to a continuous counter-flow extraction. The 

Kremser equation (Equation 2) gives the number of theoretical stages from the following equation: 

Equation 2: The Kremser Equation 

 

where E is the stripping factor which indicates the ratio of the solute being stripped from the 

extract. In the Equation 3, V is defined as the solute in the extract and L is defined as the solute 

in the raffinate. 

Equation 3: Stripping Factor 
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The stripping factor uses a distribution factor, K, which is the concentration of the solute in the 

extract phase (y) divided by the concentration in the raffinate phase (y), as seen in Equation 4 

(Wankat).  

Equation 4: Distribution Factor 

 

 The results of this scale-up can be seen in Tables 5 and 6. The value for the stripping factor 

and distribution factor are extremely high in both cases, and the theoretical number of stages is 

approximately -1, which cannot occur in practice. The high factor values indicate that the solute 

in the feed has completely come out in the extract phase, as suggested in Figures 21 and 22. The 

nonsensical negative number of stages is an indication that there is actually over extraction in the 

five stages, meaning that one stage may be sufficient for extraction. These calculations can be 

found in Appendix II. 

Table 5: Scale-Up Results for MF2 1:1 Extraction 

MF2 (1:1) 

 Solute 

K E Number of Theoretical Stages 

Guaiacol 236.35 2718.02 -0.973829761 

Syringol 61.76 710.24 -0.996541394 

 

 

 

 

 

 

Table 6: Scale-Up Results for MF2 1:2 Extraction  

K=Distribution Factor=
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MF2 (1:2) 

 Solute 

K E Number of Theoretical Stages 

Guaiacol 72.36 1133.78 -0.9859 

Syringol 17.40 272.67 -0.9984 

 

 The poor results from the scale-up and from the lack of separation may be due to 

assumptions made in these experiments. Kremser assumes that the diluent (water) and solvent (n-

butanol) are completely immiscible. However, the water from the MF2 feed and the n-butanol are 

actually miscible up to approximately 20% by volume, which would have skewed the results. Also, 

the Kremser equation is used for counter-current extraction, but these experiments were run using 

five stages of co-current extraction. It is recommended that Gallo look into the results from a quick 

one stage extraction and compare the separation to these five stage separation results. It may also 

be interesting to look at the effects of feed temperature and pH on separation. 

Batch Distillation 

 Three distillation trials with the 5 grams cooked oak slurry at different ethanol 

concentrations were combined and used as the feed. The first trial was only 10% ethanol, and as 

Figure 23 shows, a vigreux column was used with 3 valve trays. In order to maintain constant 

concentration of the condensate, the aim was to begin collection at a steady temperature of 78-

80oC. However, during the actual run, the temperature would spike well above 90oC every time 

the reflux valve was opened to let out the condensate. It was also noticed that the liquid never went 

down the vigreux column, yet there was quite a bit of vapor going up. This was most likely an 
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indicator that the system reached a pinch point, or that there was no liquid hold up in the column 

and the vigreux column was experiencing bad column performance. 

Figure 23: Distillation Column Set-Up for 10% Ethanol Trial 

 

 Figure 24 shows the results of this separation. All the alcohol (MALC) was distilled 

within the first two collections, leaving almost none in the residual. The trend in alcohol 

concentration closely follows the trend in pH spike, as shown in Figure 25. With increasing 

ethanol in the sample, the pH became more basic. In terms of component separation, the syringol 

stayed in the bottoms whereas most of the guaiacol was present in the condensate, as expected. 
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Figure 24: Distillation Results (Absolute) of 5 Gram Oak, 10% Ethanol 

 

 
Figure 25: pH Trend for 5 Gram Oak, 10% Ethanol Distillation Trial 
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 The next trial was the 5 grams oak sample, except with 20% ethanol. This time, six bubble 

cap columns were used in place of the vigreux column, as seen in Figure 26.  The first two 

collections had notes of sweet potatoes and vanilla but the third collection had a salty and 

unpleasant odor. At this point, it was noticed that there was more vapor and less liquid condensing 

in the column. This trial also ran into a similar problem with maintaining constant temperature as 

in the previous trial. The condensate temperature kept spiking to 90oC and then undershooting 

below 80oC when the reflux valve was closed. With the thought that the ambient temperature 

changes were causing these problems (opening and closing doors to let in cool air), the column 

was then insulated for the rest of the trial. The temperature then started to stabilize and the 

condensate was collected. 

Figure 26: Distillation Column Set-Up for 20% Ethanol Trial 
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 The results of this trial are shown in Figure 27 and Figure 28. As seen from the first trial, 

the ethanol concentration decreases with each condensate collection, and all the guaiacol is 

evaporated when all the ethanol has been distilled. The separation with 20% ethanol shows more 

promising separation that the 10% ethanol, as there is a high concentration of syringol in the 

bottoms and very little guaiacol. This suggests that the light key (guaiacol) is more likely to distill 

off with higher alcohol content. 

Figure 27: Distillation Results (Absolute) of 5 Gram Oak, 20% Ethanol  
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Figure 28: Distillation Results (Absolute) of 5 Gram Oak, 20% Ethanol 

 

 The pH trend for the 20% ethanol, as seen in Figure 29, is slightly different from the 10% 

ethanol trend. The pH of condensate 2 decreased and then increased in the next collection before 

stabilizing. It was expected that the pH would continually decrease as guaiacol is removed from 

the feed, as the volatile components are increasing in the condensate. This slight change in trend 

may be due to the temperature inconsistency when collecting the condensate.  

Figure 29: pH Trend for 5 Gram Oak, 20% Ethanol Distillation Trial 

 

0

5

10

15

20

25

0

200

400

600

800

1000

1200

1400

Bottoms Feed

M
A

LC

G
ra

m
s

Sample

Guaiacol

Syringol

Vanillin

MALC

0

1

2

3

4

5

6

7

Feed Condensate 1 Condensate 2 Condensate 3 Condensate 4 Bottoms

p
H

pH



     

 

    CONFIDENTIAL TRADE SECRET MATERIAL 

    LIMITED ACCESS AND DISTRIBUTION 

 

CONFIDENTIAL TRADE SECRET MATERIAL        4/2/2017 

LIMITED ACCESS AND DISTRIBUTION 
55 of 189 

 In order to map out better separation, the 15% ethanol trial was run with only 3 valve trays, 

as seen in Figure 30. The first few collections smelled of sweet caramel and then the smell of 

ethanol started to overpower the condensate collections. The last collection had a sour note and 

the bottoms had a woodsy aroma. With this column, the temperature managed to stay constant 

until the last two collections. At these two collections, the guaiacol concentration is highest, as 

seen in Figure 32. MALC results were not given back from the lab in time for this project report, 

but it is expected based on the last two trials that the ethanol concentration was lowest at these two 

collections. 

Figure 30: Distillation Column Set-Up for 15% Ethanol Trial 
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Figure 31:Distillation Results (Absolute) of 5 Gram Oak, 15% Ethanol 

 

 
Figure 32: Distillation Results (Absolute) of 5 Gram Oak, 15% Ethanol 
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line with the information given in Figure 32 where the concentration of guaiacol is the highest at 

both of these collections.  

Figure 33: pH Trend for 5 Gram Oak, 15% Ethanol Distillation Trial 
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parameters were kept constant. Samples from both the distillate and bottoms were collected and 

sent out to be analyzed. The results of the analyzation are shown in Appendix II.D. 

 Figure 34 and Figure 35 show the concentration of the bottoms and distillate at two 

different flow rates: 8 rpm and 6 rpm. These results show that the higher flow rate yielded better 

separation of guaiacol in the distillate. As expected, guaiacol was pulled out in the light phase with 

the alcohol. 

Figure 34: Steam Stripping at Feed Flow Rate of 8 RPM 

 

Figure 35: Steam Stripping at Feed Flow Rate of 6 RPM 
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Aroma testing was completed on both the bottoms and distillate samples to complete a 

sensory analysis. The samples taken from the distillate had a stronger alcohol smell, as was 

expected, because alcohol is more volatile than water, meaning it was more likely to come off the 

top of the column. This was corroborated by the lab results, which showed that most of the distillate 

samples contained predominantly furfural and furfural alcohol. The distillate was also clear, as the 

color components in the VDR were too heavy to transform into the vapor phase. Additionally, the 

samples collected from the bottoms had a significantly weaker smell for the same amount of 

volume. However, the smell among each distillate sample and among each bottoms sample were 

very similar. The smells were reminiscent of oak, which was supported by the fact that the smoak 

material gets its scent from oak tannins. 

After completing several trials of steam stripping, the initial feed was fortified, taking the 

ethanol content from about 7% to about 10% by volume. This result can be seen in Figure 36. 

These variations with the feed were intended to see how the different levels of ethanol affected the 

overall separation. 

Figure 36: Steam Stripping Fortified Feed at Flow Rate of 8 RPM 
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All in all, there were four key results from steam stripping the CT-04 stream: 

1. There was 7.5 times the amount of guaiacol in the distillate than bottoms. 

2. The non-fortified feed had little to no recognizable guaiacol in neither the bottoms 

nor distillate. 

3. Fortifying the feed increased percentage of guaiacol in the distillate  

4. Increasing feed flow-rate increased guaiacol production in distillate. 

Sequential Distillation 

Steam stripping and batch distillation showed inadequate separation results, with high 

amount of guaiacol still in the bottoms for steam stripping. It would be interesting for Gallo to 

look into sequential distillation to see how much further the waste stream components can be 

separated. It is recommended that Gallo steam strip the waste stream first and then batch distills in 

order to achieve further separation.  

Column Chromatography 

 One full set of column chromatography was done with the diluted MF2 substituting as the 

waste stream. This feed was diluted to about 10 ppm guaiacol in order to mimic the ELT-03 waste 

stream. There was 20L of the diluted MF2 run through 50 mL of FPX-66 resin in order to compare 

results collected by Devin Ergler in 2014. He used the ELT-03 waste stream and his results can be 

found in Figure 37. The results from the experiment completed using the diluted MF2 can be found 

in Figure 38 and follow a similar trend, decreasing adsorption over time.  
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Figure 37: Column Depletion Results Using ELT-03 as Feed (Taken from Devin Ergler) 

 

Figure 38: Column Depletion Results Using MF2 as Feed 
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 The data for this experiment was normalized so that it could be compared to Devin’s bed 

volume of 25 mL. In Figure 38, “1” refers to the first pass column chromatography results and “2” 

refers to the results from the second pass, when the depleted tannins from the first pass were re-

used as feed. In Figure 37 (Devin’s data), “400” refers to the first pass and “800” refers to the 

second pass. The results from using the MF2 had a much lower yield in terms of the guaiacol, 

syringol, and vanillin adsorbing to the column. This was due to the fact that the MF2 stream had 

more components in the stream than the waste stream did, making it much “busier.” Since there 

were many concentrations in the MF2 feed, there was most likely other high affinity components 

that displaced the guaiacol in the resin, which is why the percent adsorption drops very quickly.  

  After the feed was run through the column both times, the column was eluted with ten bed 

volumes at five ethanol concentrations: 20%, 40%, 60%, 80%, and 95%. The concentration spikes 

can be seen for both elutions in Figure 39 and 41.  

Figure 39:First Pass Column Elution Results 
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 In the first pass elution, the concentration (especially of syringol) increased around bed 

volume 4, reached its peak around bed volumes 5 and 6, and rapidly decreased afterwards. This 

reduction in volatile components affected the pH trend of each elution and the pH slightly 

increased as the tannin concentrations decreased, as shown in Figure 40. Aroma tests were also 

conducted for each elution, as seen in Table 7. The more pleasant aromas were present at bed 

volumes 4-6, which is also where the tannin concentrations were highest. 

Figure 40:pH Trend First Pass Column Elution 
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Table 7: Sensory Results from First Pass Elutions 

Bed Volume Percentage Ethanol Aroma 

1 20% Barbeque sauce, hint of brown sugar 

2 20% Concentrated barbeque sauce, bacon 

3 40% Campfire smoke, hint of barbeque 

4 40% Barbeque, smoke 

5 60% Firewood 

6 60% Firewood smoke 

7 80% Cedar, cigars 

8 80% Hint of bacon, pipe tobacco 

9 95% Cigar, leather 

10 95% Very faint tobacco 

 

In the second pass elution, the concentration of the tannins increased around bed volume 

4, reached its peak around bed volumes 5-7, and rapidly decreased afterwards, as shown in Figure 

41. As in elution 1, the pH trend, displayed in Figure 42, increased after bed volume 7, indicating 

that there were less volatile components detaching from the resin. The aromas for each bed volume 

are described in Table 8, and it was noticed that there was no complexity in the aroma from bed 

volumes 5-7. In fact, these aromas smelled predominantly of pure guaiacol. 
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Figure 41: Second Pass Column Elution Results 

 

Figure 42: pH Trend Second Pass Column Elution 
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Table 8: Sensory Results from Second Pass Elutions 

Bed Volume Percentage Ethanol Aroma 

1 20% Smokey, hint of crème brulee and bacon 

2 20% Smokey, roasted coffee, bacon 

3 40% Smokey, vanilla, cake-icing 

4 40% Spice + coconut 

5 60% Guaiacol 

6 60% Guaiacol, less flavor complexity 

7 80% Guaiacol, less flavor complexity 

8 80% Guaiacol, fainter aroma 

9 95% Guaiacol, fainter aroma 

10 95% Very faint smokey smell 

Wine Dosing 

 The final step in this project was to dose wines using the extracted tannins from one of 

the separation techniques. Pinot Noir was chosen as the wine of choice for dosing because it 

pairs well with the smokiness in guaiacol and syringol. The elutions from the first pass column 

chromatography were used for the dosing. Bed volumes 4-6 were chosen based on the pleasant 

aroma results, and their high tannin concentrations. Bed volume 6 was dosed straight into the 

wine, whereas bed volumes 4 and 5 were evaporated using the rotary evaporator to concentrate 

guaiacol in the condensate and syringol in the residual. Past results suggested that the best way to 

concentrate guaiacol and syringol was to dilute the elution to 16% alcohol by volume and then 

rotovap the samples to achieve 68% of the feed volume in the condensate.  
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The concentrations of the tannins as well as the amount of tannins dosed in unprocessed 

Pinot Noir can be seen in Tables 9, 10, and 11.  

Table 9: Bed Volume 4 Dosing Results 

Bed Volume 4  (Rotovap)   

Guaiacol 21226.1 PPB 

 Volume guaiacol added 
(mL) in 100 mL wine 

Volume guaiacol 
in 1L 

PPB Guaiacol 

0.5 5 106.1305 

0.25 2.5 53.06525 

Syringol 94148 PPB 

 Volume syringol added 
(mL) in 100 mL wine 

Volume syringol 
in 1L 

PPB Syringol 

1.4 14 1318.072 

0.7 7 659.036 

 

 
Table 10: Bed Volume 4 Dosing Results 

Bed Volume 5   (Rotovap)   

 Volume guaiacol added 
(mL) in 100 mL wine 

Volume guaiacol 
in 1L 

PPB Guaiacol 

0.3 3 86.4363 

0.15 1.5 43.21815 

Syringol 144965 PPB 

 Volume syringol added 
(mL) in 100 mL wine 

Volume syringol 
in 1L 

PPB Syringol 

1.3 13 1884.545 

0.65 6.5 942.2725 
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Table 11: Bed Volume 6 Dosing Results 

Bed Volume 6     

Guaiacol 41034.4 PPB 

 Volume guaiacol added 
(mL) in 100 mL wine 

Volume guaiacol 
in 1L 

PPB Guaiacol 

0.18 1.8 73.86192 

0.09 0.9 36.93096 

 

The original goal was to aim for 75 ppm of guaiacol in the pinot noir. However, when the 

trial was conducted using 75 ppm of guaiacol with bed volume 7, it was found that the flavor 

profile was too overwhelming and did not provide the right mouth-feel. Instead, the wines were 

dosed based on aroma until a hint of smoke was detected in the wine and then allowed to sit to let 

the flavors marry into the wine before tasting. The concentrated syringol and guaiacol from 

evaporation were dosed separately. These concentrations were also cut in half for another set of 

tastings, providing ten different dosings.  

The full analysis of the tastings can be found in Appendix V, but overall it was decided 

that the best result was the guaiacol at bed volume 5 where the flavor was described as “dark and 

jammy.” This occurred at 43 ppb (see Table 10) which is much lower than Gallo’s target at 75 

ppb. A lower dosing allows Gallo to dial back on the amount of product to add to the wine, thus 

making it more economically favorable. 

 There was unfortunately no time combine the syringol and guaiacol. It is recommended 

that Gallo try different blend ratios of the two in order to attain more favorable flavors. Another 

recommendation is to dose the second pass column chromatography trials. With the knowledge 
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that the concentrations of guaiacol and syringol were higher in these trials, Gallo should 

specifically look into dosing bed volumes 5-7 in either Pinot Noir or Chardonnay.  

Aspen Simulation Results 

Distillation 

For simulation purposes, Aspen Plus was used to try to obtain results for a continuous 

system. The column was designed with 40 stages operating at 25oC and 15 psi. The total waste 

stream entering was input at 100 kmol/hour consisting of 15% guaiacol, 35% syringol, 25% 

ethanol, and 25% water, with the side draw stream coming out at 15 kmol/hour. These 

concentrations were chosen at random since the exact composition of the waste stream is unknown. 

There were three varied parameters of focus in the simulation: side draw stage, reboiler duty, and 

bottoms flow. As seen in Appendix III.A, the side draw stage was varied from stage 10 to stage 15 

and showed the largest concentration of guaiacol coming out at 74%. Increasing the reboiler heat 

duty increased the syringol concentration coming out of the bottoms but decreased the guaiacol 

concentration coming out the distillate. As seen in Appendix III.A, a high reboiler heat duty of 

10.75 shows that the system produces 100% syringol at the bottoms and 0% guaiacol at the top. 

Finally, the higher bottoms flowrate shows and increase of guaiacol concentration at the bottoms, 

as seen in Appendix III.A.  

Next, a rotary evaporator would have been used to evaporate the ethanol and water to obtain 

pure guaiacol and syringol. A side stream was used to evaluate intermediate compositions in the 

column. When doing Aspen simulations, the side-draw was used to find the stage and temperature 

at which the guaiacol concentration was largest. These exact conditions were not replicable at 

Gallo and bench scale trials did not include reflux changes, reboiler heat duty changes, or the use 

of a side draw. 
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Falling Film 

Ideally, the falling film evaporator can be simulated as a distillation column with no 

rectifying section. However, when consulting WPI faculty and AspenTech, it was determined that 

Aspen Shell & Tube Exchanger program would yield more accurate results, where the film would 

be on the tube side and the evaporator would be a vertical heat exchanger. This program is not 

available on the WPI servers and a consultation with the engineers at Gallo determined that 

software simulation would not be accurate. Gallo has a LUWA-type film evaporator with a 400 

gallon capacity, but the temperature and pressure ranges are fixed. The only conditions available 

for change are to choose between vacuum, steam, or cooling water. While there was no opportunity 

to use the LUWA while at Gallo, evaporation was conducted at the bench scale level using a rotary 

evaporator to evaporate alcohol from experimental samples before sending them in for trials. The 

chiller operated at -3oC and the vacuum pressure was set to about 200 mPa. 

Liquid-Liquid Extraction 

For simulation purposes, Aspen Plus was used to obtain separation results with the 

extraction column. In LLE, the ELT-03 waste stream enters in at the top of the column and the 

solvent enters at the bottom of the column. The waste stream consisted of water, ethanol, and 

guaiacol and n-butanol was tested as the solvent. Ideally, n-butanol should exhibit preferential 

affinity towards selected components in the feed (in this case, the guaiacol in the waste steam). As 

a result, two streams should exit—the extract, which contains the desired components extracted 

from the feed and the raffinate, which contains residual feed solution and solvent. 

 In Aspen, various pressures, temperatures, and number of stages were tested. For 

simulation purposes, it was assumed that the feed solution came in at 100 kmol/hour with 20% 

ethanol, 70% water, and 10% guaiacol and that the n-butanol solvent stream entered at the very 

last stage of the column at 200 kmol/hour. At various pressures, there was no change noted with 

the amount of extraction so other trials assumed the pressure of the column to be at 1 atm 
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(atmospheric pressure). As seen in Appendix III.B, the separation increased at high temperatures 

and more stages. However, Aspen was not extracting all the water from the feed stream, and it 

instead came out with the rest of the extract. This does not represent the bench-scale trials at Gallo 

since pressure or temperature were not changed in the separatory funnel. It is recommended that 

with further LLE trials, Gallo looks into simulating a settler-mixer instead of an extraction column. 

This may give more accurate separation results. 
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Conclusions and Recommendations 

 In essence, the completion of this project was a successful continuation of Devin Ergler’s 

work and the work performed by WPI students in 2014. Both proof of concept and novel 

experimental trials were conducted. However, there are still many directions that this project can 

take. Due to the short seven-week window, most trials were not able to be repeated for 

reproducibility, so it is highly possible that there may be data that needs to be re-evaluated. It is 

also important to note that the ELT-03 waste stream was never in use during this project, so the 

expected results will not be an exact match in terms of aroma, methoxyphenol concentrations, etc. 

 Overall, the best results came from pressure cooking, column chromatography elutions, 

and dosing. With pressure cooking trials, the ideal slurry parameter was determined to be at 5 

grams of oak and 10% ethanol and there was indeed a significant methoxyphenol production with 

the use of K2CO3 as the base. It is recommended that the ratios of KOH and K2CO3 are varied to 

see the effects on the tannin production while decreasing the likelihood of foaming reaction. With 

column chromatography, the second pass elution showed promising results, both aromatically and 

analytically. There reached a point where the aroma was predominately smoky and smelled like 

pure guaiacol, of which analytical results showed high concentrations. The highest concentration 

of guaiacol and syringol in both elutions occurred around 40-60% ethanol, which is an economic 

advantage for Gallo. This is because high proof ethanol is costly, so with the knowledge that 

elution results are optimal at 40-60%, higher concentrations of ethanol do not need to be used for 

elution, saving the company money.  Though the elution results were positive, the column 

adsorption results were poor. This may be due to the increased number of tannins present in the 

feed, which left less room for the guaiacol and syringol to adsorb onto the FPX-66 resin. It would 

be interesting for Gallo to try and neutralize or change the pH of the feed (which started at a pH 
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of approximately 3) to see how it would affect the affinity of the tannins on the resin column.  

 With wine dosing, the best aroma/flavor was achieved at approximately 43 ppb of guaiacol 

which allows the company toe dial back on their 75 ppb guaiacol goal in each sample. This 

promising result should be further expanded by conducting more tasting and spikings by blending 

the syringol and guaiacol. Gallo should also spike the second pass elutions as those samples have 

a higher concentration in guaiacol and syringol and may lead to even more successful results. 

 Batch distillation, steam stripping, and LLE yielded mediocre separation results. For 

batch distillation and steam stripping, the separation was as expected with guaiacol coming off 

the condensate and syringol concentrating in the residual/bottoms. In order to improve 

separation, Gallo should look into sequential distillation. Since there was more guaiacol in the 

bottom during steam stripping, Gallo should try to first steam strip the waste stream and then 

batch distill the bottoms in order to see the separation. LLE results essentially showed the entire 

feed matrix coming out with the solvent stream, indicating that a five stage extraction may be too 

high. It would be interesting for Gallo to do a simple one stage extraction to get a better idea of 

the separation in the raffinate and extract streams. These trials were also run at standard 

temperature and pressure. While there would be no way to change the pressure in a separatory 

funnel, it would be interesting to see the separation that would occur when the feed is subject to 

pH and temperature changes. 

Over the course of this project, there were some drawbacks that prevented extensive data 

analysis. First of all, there were many limitations with the bench scale equipment. The pressure 

cooker occasionally had pressure leaks coming out the top, making it difficult to maintain steady 

pressure. With steam stripping and batch distillation, the limitations hindered efforts to change 

parameters for separation. There were several limitations on the equipment: lack of ability to adjust 
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pressure, lack of ability to adjust or completely control temperature, lack of ability to fully control 

reflux ratio on the distillation column, trouble getting steam to rise in the steam stripper, heating 

capability of the stills, and steam production. All of these limitations made it incredibly difficult 

to vary the separation parameters and find the best option available to separate the tannins. Should 

these limitations be addressed, then more thorough research and separation trials could be 

completed. A huge challenge in this project was conducting six different types of experiments, 

while running multiple pieces of equipment simultaneously. It was very difficult to monitor 

multiple experiments alone, as the equipment would occasionally malfunction, thus shifting focus 

to one experiment. However, while on the other side of the lab, another piece of equipment would 

also malfunction, causing a vicious cycle that hindered not only the precision of lab data, but also 

lab analysis. There was not much downtime in the lab for data analysis due to the demand of 

watching multiple pieces of equipment. This problem, along with lack of lab accessibility (interns 

were not allowed to be in the lab without other employees present) meant that there was a very 

small time frame left for data analysis. This project was heavily dependent on past research which 

Gallo would not distribute prior to the start of the project due to confidentiality restraints. This 

made days at the lab very strenuous with research and experimental trials, leaving less time for 

calculations and data analysis. Effective work could have been conducted if increased time was 

spent on analysis and reproducibility. It is heavily recommended that should this be a future project 

in a seven week time span, it should be a group effort, not a solo project. Planning ahead is another 

important recommendation, as the ELT-03 stream was not available for use during the project. As 

a result, different commercial tannins were used. However, the use of these stand-in tannins were 

not consistent, as different ones were used for different experimental trials. Each of these tannins 

had various starting concentrations of guaiacol and syringol, so these results may not be true when 
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reproduced when using the ELT-03 waste stream as the feed. These recommendations should help 

in developing future projects related to tannin extraction and separation.  
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Appendices 

Appendix I: Experimental Procedures 

I.A Cooking: 

1. Increase the pH of using KOH oak slurry to desired starting pH. 

2. Load the slurry into the Soxhlet high pressure extractor. 

3. Add the top and use an allen wrench to tighten the screws. 

4. Put the extractor in the insulated woven jacket and place on top of heating mantle. 

5. Turn the heating mantle on high and increase the powerstat to 90-100 Volts. 

6. Once the pressure gage reaches 10 degrees less than desired pressure, turn off heating 

mantle and powerstat. 

7. Once pressure stabilizes, turn the powerstat to 70-75. 

8. Start cooking timing when desired pressure is reached. 

9. Adjust the power as needed to keep pressure constant and prevent overshoot. 

10. Once cooking has finished, turn off the powerstat and take the extractor out of the jacket. 

11. Place the extractor in an ice bath until the pressure decreases to 0. 

12. Decrease the pH of the cooked product to 3-3.5 using citric acid or potassium carbonate 

and store in 750 mL bottles for further processing.  

I.B Liquid-Liquid Extraction: 

1. Place measured amount of solute and solvent in the separatory funnel. 

2. Put a stopper on the funnel and slowly mix the contents of the funnel. 

3. Once mixed, allow for the particles to settle and two distinct phases will appear: the hevy 

phase and the light phase. The heavy phase will be the solute (containing organics) and 

the lighter phase will be the solvent with extracted components. 

4. Pour out the two phases into separate beakers. 

5. If further separation is necessary, use the already extracted solute with fresh solvent and 

repeat steps 1-4. 

I.C Column Chromatography: 

1. Set up the chromatography column and cover the filter with a small piece of steel wool. 

2. Obtain a 50 mL FPX-66 resin, mix with a small amount of DI water to create a slurry and 

pour into the column to pack it. 

a. Tap the bed to get rid of air bubbles. 

3. Turn the pump on and run DI water slowly through the column to clean the resin. 

4. Load feed through the column, collecting 4L fragments and submitting samples for 

analysis. 

5. Once the feed runs through, the desired aromas should be held tightly by the resin. 
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6. Regenerate the column by eluting it with 2 bed volumes (100 mL total) of various ethanol 

solutions, starting with the most diluted concentration. 

I.D Rotary Evaporator (Rotovap): 

1. Set chiller temperature to -3 degrees Celsius. 

2. Set water bath temperature to 75-80 degrees Celsius. 

3. Grease round bottom flasks and clip the collection and sample flasks onto the apparatus. 

4. Close the air valve to pressurize the system. 

5. Lower the round bottom flask (with the feed inside) into the water bath and start the 

motor to start rotating the flask. 

6. Start the pressure at 350 mPa and slowly decrease to avoid dumping. 

7. Allow evaporation to occur until desired ratio of condensate to residual is attained. 

I.E Liquid-Liquid Extraction 

1. Place desired amount of feed in funnel, ensuring that the stopcock is in close position. 

2. Add solvent to the funnel and close the funnel with a stopper. 

3. Gently mix the two liquids by slowly flipping the funnel back and forth a few times. 

4. Place the funnel back on the ring stand and remove the stopper and allow the phases to 

separate. 

5. Collect the different phases separately.  

I.F Steam Stripping 

1.   Obtain: 

a.   One heating mantle with controller 

b.   One hot plate/stirrer with stir bar 

c.   One one-liter double-necked round-bottom flask with plug 

d.   Two beakers or Erlenmeyer flasks for hold unstripped and stripped liquid 

e.   Any number trays worth of oldershaw columns 

f.    One distillation column middle-stage liquid collector 

g.   One distillation column middle-stage liquid injector 

h.   One distillation reflux/condenser head 

i.     Two 24/40 to 29/42 GGJ adapters 

j.     Boiling stones 

k.    Ring stands for securing glassware 

l.     Flask for collecting distillate 

m.  One digital readout peristaltic pump with 24-gauge masterflex tubing 

n.   One glass elbow with ball-in-socket GGJ for collecting stripped bottoms 

o.   High-temperature tubing for collecting stripped bottoms 
   
2.  Fill three-quarters of one round bottom flask with a saturated salt solution (note: salt is optional 

but will create hotter steam temperatures) and drop in a few boiling stones. Keep more pure water 

reserved for refilling. 
   
3.   Put water-filled flask in heating mantle and turn on the heat to 80-100. 
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4.  Stack the glassware in the following order. Please apply a small amount of grease on all GGJ’s: 

a.   Liquid collector (must be adapted from 24/40 to 29/42) 

i.    Attach glass elbow to ball-in-socket GGJ with clip 

ii.   Attach high-temp hose to glass elbow 

iii.  Put end of hose in clean beaker to collect water during heat-up 

                       iv.  Plug open port with stopper or thermometer 

b.   Oldershaw column 

c.   Liquid injector 

                       i.    Attach masterflex tubing to injection port 

                       ii.   Plug open port with stopper 

d.   Condenser/reflux head (must be adapted from 29/42 to 24/40) 

e.   Attach collection flask to reflux head using keck clip 

f.    Insulate areas of single-walled glass using aluminum foil or padded insulation. 
    

5.   Put the liquid to be stripped on the hot plate/stirrer. Heat and stir, but monitor the temperature 

closely. Do not allow this liquid to boil or evaporate significantly unless a reflux is set up. 

a.  Note: pre-heating the liquid will improve the efficiency of the stripper, but over-heating 

the liquid with cause the masterflex hose to break down as it is not rated for high 

temperatures. Significant evaporation of this liquid will cause fractionation before the 

stripper and this will skew results. 

 

6.  Allow the glass to heat up. Watch the distillate collection for condensate dripping and watch 

for the thermometer on the top of the reflux head to reach over 98 C. Once this happens, turn 

the heat up to max. This might take quite a while, an hour or more. Collect the condensed 

water in the collection flask, but remember to switch this flask out before collecting product 

 

7.   Slowly introduce the liquid to be stripped to the top of the column by turning on the peristaltic 

pump. 

a.  Start with a low setting, around 10, and ramp up slowly. Monitor the vapor temperature 

at the top of the column and make sure it is stable. Make sure there is vapor reaching 

the condenser. Ideally the liquid would be loaded as quickly as possible without 

b.  Monitor the color of the stripped bottoms and when the bottoms begin to change color, 

begin collecting in an empty, clean beaker or flask. 

c.  If the top stages of the column cool down too much and vapor fails to reach the 

condenser, pause the pump and close the distillate collection valve to allow vapor to 

reflux back into the top of the column. Then restart the column following steps 7a and 

7b. 

d.  Monitor the level of the water at the base of the column. If the level drops below the top 

of the mantle, pause the column following step 7c and refill the flask with more pure 

water, preheated would be best. 

 

8.  Once the stripping liquid is gone and the bottoms turns back to water, pause the column 

following step 7c. Empty the distillate collection flask and decide whether or not to do another 

pass on the stripped material. 

a.   If so, restart the stripping process with the collected bottoms. 
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b.  If not, restart the process with pure water instead. Allow this to run for some time to 

rinse out the system and then turn off the heat and the pump. Allow the column to cool 

down while the chiller still runs. 

c.  Once water at the base of the column ceases to boil and vapor is no longer seen at the 

top of the column, turn off the chiller. 

d.   Disassemble and clean glassware once cool 
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Appendix II: Important Data/Graphs/Pictures 

II.A Cooking 

TSS & Percentage Alcohol 

 

 

1% 0% 0%
3%

71%

4%
0%

21%

1 gram oak, 10% EtOH, 60 
mins

4-Methyl guaiacol

4-Vinyl guaiacol

cis-Oak lactone

Guaiacol

Syringaldehyde

Syringol

trans-Oak lactone

Vanillin

1% 1% 1%

4%

65%

9%

1%
18%

1 gram oak, 10% EtOH

4-Methyl guaiacol

4-Vinyl guaiacol

cis-oak lactone

Guaiacol

Syringaldehyde

Syringol

trans-Oak lactone

Vanillin
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3% 3%
3%

5%

40%
32%

3% 11%

3 g oak, 10% EtOH 

4-Methyl guaiacol

4-Vinyl guaiacol

cis-Oak lactone

Guaiacol

Syringaldehyde

Syringol

trans-oak lactone

Vanillin

2% 3%
3%

10%

38%

28%

2% 14%

5 g oak, 0% EtOH 

4-Methyl guaiacol

4-Vinyl guaiacol

cis-Oak lactone

Guaiacol

Syringaldehyde

Syringol

trans-Oak lactone

Vanillin
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1% 1%

5%
9%

48%

17%

1%
18%

5 g oak, 10% EtOH 

4-Methyl guaiacol

4-Vinyl guaiacol

cis-Oak lactone

Guaiacol

Syringaldehyde

Syringol

trans-Oak lactone

Vanillin

3% 4%
4%

4%

35%35%

4% 11%

5 g oak, 15% EtOH 

4-Methyl guaiacol

4-Vinyl guaiacol

cis-Oak lactone

Guaiacol

Syringaldehyde

Syringol

trans-Oak lactone

Vanillin
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4%

7%
4%

5%

33%
33%

3% 11%

5 g oak, 20% EtOH 

4-Methyl guaiacol

4-Vinyl guaiacol

cis-Oak lactone

Guaiacol

Syringaldehyde

Syringol

trans-oak lactone

Vanillin

1% 1%

29%

4%
38%

9%

2% 16%

60 g oak, 10% EtOH 

4-Methyl guaiacol

4-Vinyl guaiacol

cis-Oak lactone

Guaiacol

Syringaldehyde

Syringol

trans-oak lactone

Vanillin
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Effect of Base on Methoxyphenols 

 

4% 4%

8% 3%

34%

34%

3%
10%

10 g oak, 10% EtOH 

4-Methyl guaiacol

4-Vinyl guaiacol

cis-Oak lactone

Guaiacol

Syringaldehyde

Syringol

trans-oak lactone

Vanillin

1% 1%

29%

4%
38%

9%

2%
16%

60 grams, KOH only
4-Methyl
guaiacol
4-Vinyl guaiacol

cis-Oak lactone

Guaiacol

Syringaldehyde

Syringol

trans-oak lactone

Vanillin
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2%

1%

3%

21%

28%

32%

1% 12%

60 grams, K2CO3 only

4-Methyl guaiacol

4-Vinyl guaiacol

cis-Oak lactone

Guaiacol

Syringaldehyde

Syringol

trans-oak lactone

Vanillin

2% 1%

8%

16%

31%

29%

1%
12%

60 grams, K2CO3 and KOH 
adjustment

4-Methyl guaiacol

4-Vinyl guaiacol

cis-Oak lactone

Guaiacol

Syringaldehyde

Syringol

trans-oak lactone

Vanillin
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Evaporation 

  

 

2% 2% 4%

7%

49%

19%

2% 15%

K2CO3 adjust (No rotovap) 

4-Methyl guaiacol

4-Vinyl guaiacol

cis-Oak lactone

Guaiacol

Syringaldehyde

Syringol

trans-oak lactone

Vanillin

1% 1%

28%

48%

8%

8%

3% 3%

K2CO3 adjust - Postrotovap -
Condensate

4-Methyl guaiacol

4-Vinyl guaiacol

cis-Oak lactone

Guaiacol

Syringaldehyde

Syringol

trans-oak lactone

Vanillin
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0% 0% 5%
2%

59%

16%

0%
18%

K2CO3 adjust - Postrotovap -
Bottoms

4-Methyl guaiacol

4-Vinyl guaiacol

cis-Oak lactone

Guaiacol

Syringaldehyde

Syringol

trans-oak lactone

Vanillin

1% 1%
3%

7%

55%

11%

1%

21%

K2CO3 adjust - Prerotovap - Bottoms

4-Methyl guaiacol

4-Vinyl guaiacol

cis-Oak lactone

Guaiacol

Syringaldehyde

Syringol

trans-oak lactone
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II.B Liquid-Liquid Extraction 

 

7%

3%
3%

21%

30%

30%

3% 3%

K2CO3 adjust - Prerotovap -
Condensate

4-Methyl guaiacol

4-Vinyl guaiacol

cis-Oak lactone

Guaiacol

Syringaldehyde

Syringol

trans-oak lactone

Vanillin

5%

16%

35%
7%

16%

21%

Feed

Vanillin

Guaiacol

Syringol

4-Methyl guaiacol

Syringaldehyde

Maltol
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6%

12%

31%

5%

17%

29%

Raffinate

Vanillin

Guaiacol

Syringol

4-Methyl guaiacol

Syringaldehyde

Maltol
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4%

3%

30%

3%
30%

30%

Extract

Vanillin

Guaiacol

Syringol

4-Methyl guaiacol

Syringaldehyde

Maltol

6%
6%

16%

3%
61%

8%

Feed

Vanillin

Guaiacol

Syringol

4-Methyl guaiacol

Syringaldehyde

Maltol
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8%
6%

16%

3%

57%

10%

Extract

Vanillin

Guaiacol

Syringol

4-Methyl guaiacol

Syringaldehyde

Maltol

6%

1%

10% 1%

73%

9%

Raffinate

Vanillin

Guaiacol

Syringol

4-Methyl guaiacol

Syringaldehyde

Maltol
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II.C Batch Distillation 

 

 

0

500

1000

1500

2000

2500

Condensate 1 Condensate 2 Residual

P
P

B

Sample

Distillation of 5 g Oak, 10% Ethanol 
Cooking (Relative)

Guaiacol

Syringol

Vanillin

0

0.005

0.01

0.015

0.02

0.025

0.03

Feed Condensate 1 Condensate 2 Residual

M
V

A
Z

MVAZ
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0

1

2

3

4

5

6

7

8

9

10

Feed Condensate 1 Condensate 2 Residual

M
A

LC
MALC

MALC

0

0.005

0.01

0.015

0.02

0.025

0.03

Condensate 1 Condensate 2 Condensate 3 Condensate 4 Bottoms

M
V

A
Z

MVAZ
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0
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6

8
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16
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20

Condensate 1 Condensate 2 Condensate 3 Condensate 4 Bottoms

M
A
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MALC

0

0.005

0.01

0.015

0.02

0.025

M
V

A
Z
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pKa Results 

Trial 1 2 3 4 5 6 7 8 

Description 1g, 10% 3 g, 10% 5 g, 0% 5 g, 10% 5 g,  15% 5 g, 20% 10 g, 10% 60 g, 10% 

Pre-cook 11.98 12.01 12.03 11.98 12 12.07 12 11.96 

Post-Cook 11.5 10.67 10.31 8.06 8.98 8.77 6.98 6.23 

 

 

 

 

 

 

 

 

  Trial 1                 

          CH3COOH + H20  ↔ HCO3+ + CH3COO- 

    x=acetic acid   I 1.04713E-12     0 0 

    Ka = 1.75*10^-5   C x+     x+ x+ 

    pKa=4.75   E ???     3.16228E-12   

Ka=([HCO3+][CH3COO-]) /  [CH3COOH] 
            

  x= 3.16228E-12       

                    

          2.11515E-12 M of acetic acid production       
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  Trial 2                  

          CH3COOH + H20  ↔ HCO3+ +  CH3COO- 

    x=acetic acid   I 9.77237E-13     0  0 

    Ka = 1.75*10^-5   C x+     x+  x+ 

    pKa=4.75   E ???     2.13796E-11    

Ka=([HCO3+][CH3COO-]) /  [CH3COOH] 
             

  x= 2.13796E-11        

                     

          2.04024E-11 M of acetic acid production        

 

 

Trial 4                   

          CH3COOH + H20  ↔ HCO3+ + CH3COO- 

    x=acetic acid   I 1.04713E-12     0 0 

    Ka = 1.75*10^-5   C x+     x+ x+ 

    pKa=4.75   E ???     8.70964E-09   

Trial 3                   

          CH3COOH + H20  ↔ HCO3+ + CH3COO- 

    x=acetic acid   I 9.33254E-13     0 0 

    Ka = 1.75*10^-5   C x+     x+ x+ 

    pKa=4.75   E ???     4.89779E-11   

Ka=([HCO3+][CH3COO-]) /  [CH3COOH] 
            

  x= 4.89779E-11       

                    

          4.80446E-11 M of acetic acid production       
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Ka=([HCO3+][CH3COO-]) /  [CH3COOH] 
            

  x= 8.70964E-09       

                    

          8.70859E-09 M of acetic acid production       

 

Trial 5                   

          CH3COOH + H20  ↔ HCO3+ + CH3COO- 

    x=acetic acid   I 1E-12     0 0 

    Ka = 1.75*10^-5   C x+     x+ x+ 

    pKa=4.75   E ???     1.04713E-09   

Ka=([HCO3+][CH3COO-]) /  [CH3COOH] 
            

  x= 1.04713E-09       

                    

          1.04613E-09 M of acetic acid production       

 

Trial 6                   

          CH3COOH + H20  ↔ HCO3+ + CH3COO- 

    x=acetic acid   I 8.51138E-13     0 0 

    Ka = 1.75*10^-5   C x+     x+ x+ 

    pKa=4.75   E ???     1.69824E-09   

Ka=([HCO3+][CH3COO-]) /  [CH3COOH] 
            

  x= 1.69824E-09       

                    

          1.69739E-09 M of acetic acid production       

Trial 8                   

          CH3COOH + H20  ↔ HCO3+ + CH3COO- 



     

 

    CONFIDENTIAL TRADE SECRET MATERIAL 

    LIMITED ACCESS AND DISTRIBUTION 

 

CONFIDENTIAL TRADE SECRET MATERIAL        4/2/2017 

LIMITED ACCESS AND DISTRIBUTION 
100 of 189 

    x=acetic acid   I 1.09648E-12     0 0 

    Ka = 1.75*10^-5   C x+     x+ x+ 

    pKa=4.75   E ???     5.88844E-07   

Ka=([HCO3+][CH3COO-]) /  [CH3COOH] 
            

  x= 5.88844E-07       

                    

          5.88843E-07 M of acetic acid production       
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II.D Steam Stripping 

Microscope Images of Solid Oak and Solids Found in CLT04 Stream 

Oak Microscope Image  

 
 
VDR Solid Microscope Image 
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26.1%

1.4%
71.1%

1.4%

Bottoms (ppb/L EtOH) 10rpm 
(249.28g)

4-Methyl guaiacol

5-Methyl furfural

Benzaldehyde

Benzyl alcohol

Furfural

Furfural alcohol

Guaiacol

47.9%

7.1%1.2%

22.4%

19.4%

1.9%

Distillate (ppb/L EtOH) 10rpm (9.28g)

4-Methyl guaiacol

5-Methyl furfural

Benzyl alcohol

cis-Oak lactone

Eugenol

Furfural alcohol

Guaiacol
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8.2%

11.2% 0.9%

33.2%

43.0%

3.6%

Distillate, 6rpm, ppm/L EtOH (50.06g)

4-Methyl
guaiacol
5-Methyl
furfural
Benzyl alcohol

Eugenol

3.2% 1.3%

93.6%

1.8%

Bottoms, 6rpm, ppm/L EtOH 
(640.11g)

4-Methyl guaiacol

5-Methyl furfural

Benzyl alcohol

Eugenol

Furfural

Furfural alcohol

Guaiacol
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2.3%1.9%

94.4%

1.4%
Bottoms, 8rpm, ppb/L EtOH (565.94g)

4-Methyl guaiacol

5-Methyl furfural

Benzyl alcohol

cis-Oak lactone

Eugenol

Furfural

Furfural alcohol

Guaiacol

11.9%

14.1%
0.8%

1.2%

21.8%

45.4%

4.7%

Distillate, 8rpm, ppb/L EtOH (24.18g)

4-Methyl guaiacol

5-Methyl furfural

Benzyl alcohol

cis-Oak lactone

Eugenol

Furfural

Furfural alcohol

Guaiacol
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3.1%

1.6%

2.6%

0.5%

0.3%

90.1%

1.7%
0.1%

Bottoms, 8rpm, Fortified, ppb/L EtOH (559.67g)

4-Methyl guaiacol

5-Methyl furfural

Benzyl alcohol

cis-Oak lactone

Eugenol

Furfural alcohol

Guaiacol

Vanillin

19.5%

72.6%

7.9%

Distillate, 8rpm, Fortified, ppb/L EtOH 
(41.76g)

4-Methyl guaiacol

5-Methyl furfural

Benzyl alcohol

cis-Oak lactone

Eugenol

Furfural alcohol

Guaiacol

Vanillin
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II.E Wine Dosing 

Bed Volume #6 (1st Pass Elution) 

Guaiacol 41034.4 PPB 

      

 Volume 
guaiacol 

added (mL) in 
100 mL wine 

Volume 
guaiacol 

in 1L 

PPB 
Guaiacol 

0.18 1.8 73.86192 

0.09 0.9 36.93096 

 

Bed Volume #5 (1st Pass Elution) Rotary Evaporation 

Guaiacol = 28812.1PPB Syringol = 144965 PPB 

          

Volume 
guaiacol 
added 
(mL) in 
100 mL 

wine 

Volume 
guaiacol in 

1L 

PPB 
Guaiacol 

Volume 
syringol 
added 
(mL) in 
100 mL 

wine 

Volume 
syringol in 

1L 

PPB 
Syringol 

 

0.3 3 86.4363 1.3 13 1884.545  

0.15 1.5 43.21815 0.65 6.5 942.2725  

 

Bed Volume #4 (1st Pass Elution) Rotary Evaporation 

Guaiacol = 21226.1 PPB Syringol = 94148 PPB 

          

Volume 
guaiacol 
added 
(mL) in 
100 mL 

wine 

Volume 
guaiacol in 

1L 

PPB 
Guaiacol 

Volume 
syringol 
added 
(mL) in 
100 mL 

wine 

Volume 
syringol in 

1L 

PPB 
Syringol 

 

0.5 5 106.1305 1.4 14 1318.072  

0.25 2.5 53.06525 0.7 7 659.036  
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Appendix III: Aspen Results 

III.A: Distillation Column 

Properties 

Units METBAR 

Method Filter Common 

Base Method UNIQAC 
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Side Stage Variation 

 

 

Stages Stage Composition   

 Guaiacol Syringol Ethanol Water 

1 0% 0% 72% 28% 

2 0% 0% 29% 71% 

3 0% 0% 9% 91% 

4 0% 0% 6% 94% 
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5 0% 0% 6% 94% 

6 2% 0% 6% 92% 

7 19% 53% 6% 22% 

8 39% 45% 2% 14% 

9 69% 30% 0% 1% 

10 74% 26% 0% 0% 

11 74% 26% 0% 0% 

12 74% 26% 0% 0% 

13 74% 26% 0% 0% 

14 74% 26% 0% 0% 

15 74% 26% 0% 0% 

16 74% 26% 0% 0% 

17 71% 29% 0% 0% 

18 61% 39% 0% 0% 

19 38% 62% 0% 0% 

20 15% 85% 0% 0% 
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Stages Stage Composition 

 Guaiacol Syringol Ethanol Water 

1 4.52E-07 2.40E-15 72% 28% 

2 2.36E-05 4.29E-12 29% 71% 

3 0% 8.30E-10 9% 91% 
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4 0% 1.10E-07 6% 94% 

5 0% 1.42E-05 6% 94% 

6 2% 0% 6% 92% 

7 19% 53% 6% 22% 

8 19% 54% 3% 25% 

9 19% 54% 1% 26% 

10 19% 55% 0% 26% 

11 19% 55% 0% 26% 

12 20% 54% 0% 26% 

13 41% 45% 0% 14% 

14 69% 30% 5.54E-06 1% 

15 74% 26% 1.88E-07 0% 

16 74% 26% 5.55E-09 1.35E-05 

17 71% 29% 1.60E-10 4.63E-07 

18 61% 39% 4.32E-12 1.50E-08 

19 38% 62% 9.61E-14 4.07E-10 
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20 15% 85% 1.62E-15 8.46E-12 

 

Reboiler Heat Duty Variation 

 

 

Stages Stage Composition 

 Guaiacol Syringol Ethanol Water 

1 6.66E-14 1.60E-22 91% 9% 

2 1.80E-11 1.46E-18 89% 11% 

3 2.87E-09 8.03E-15 86% 14% 
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4 4.44E-07 4.38E-11 84% 16% 

5 6.54E-05 2.33E-07 80% 20% 

6 1% 0% 74% 25% 

7 19% 54% 20% 7% 

8 19% 54% 20% 7% 

9 19% 54% 20% 7% 

10 19% 54% 20% 7% 

11 19% 54% 20% 7% 

12 19% 54% 20% 7% 

13 19% 54% 20% 7% 

14 19% 54% 20% 7% 

15 19% 54% 20% 7% 

16 19% 54% 20% 7% 

17 19% 54% 20% 7% 

18 19% 55% 19% 7% 

19 19% 55% 18% 8% 
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20 22% 64% 9% 5% 

 

 

 

Stages Stage Composition 

 Guaiacol Syringol Ethanol Water 

1 7.59E-12 1.61E-20 88% 12% 

2 2.00E-09 1.51E-16 83% 17% 

3 2.85E-07 7.89E-13 76% 24% 
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4 2.93E-05 3.08E-09 62% 38% 

5 0% 4.13E-06 36% 64% 

6 1% 0% 18% 81% 

7 19% 54% 11% 17% 

8 19% 55% 7% 19% 

9 20% 56% 3% 21% 

10 20% 57% 2% 22% 

11 20% 57% 1% 22% 

12 20% 57% 0% 22% 

13 20% 57% 0% 22% 

14 20% 57% 6.56E-04 23% 

15 20% 57% 2.81E-04 23% 

16 20% 57% 1.16E-04 2.26E-01 

17 20% 57% 4.79E-05 2.26E-01 

18 20% 57% 1.96E-05 2.25E-01 

19 24% 56% 7.55E-06 2.01E-01 
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20 25% 73% 6.30E-07 2.40E-02 

 

 

 

Stages Stage Composition 

 Guaiacol Syringol Ethanol Water 

1 5.30E-01 1.48E-02 33% 13% 

2 7.82E-01 2.05E-01 1% 0% 
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3 4.18E-01 5.80E-01 0% 0% 

4 1.56E-01 8.43E-01 0% 0% 

5 7% 9.29E-01 0% 0% 

6 5% 95% 0% 0% 

7 4% 96% 0% 0% 

8 1% 99% 9.93E-06 6.01E-06 

9 0% 100% 1.22E-07 9.11E-08 

10 0% 100% 1.50E-09 1.37E-09 

11 0% 100% 1.84E-11 2.07E-11 

12 7.49E-05 100% 2.26E-13 3.11E-13 

13 2.09E-05 100% 2.76E-15 4.68E-15 

14 5.80E-06 100% 3.39E-17 7.04E-17 

15 1.60E-06 100% 4.15E-19 1.06E-18 

16 4.25E-07 100% 4.84E-21 1.52E-20 

17 1.13E-07 100% 5.66E-23 2.18E-22 

18 3.00E-08 100% 6.61E-25 3.12E-24 
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19 7.90E-09 100% 7.72E-27 4.48E-26 

20 2.04E-09 100% 9.00E-29 6.41E-28 

 

 Bottoms Flow Variation 

 

Stages Stage Composition 

 Guaiacol Syringol Ethanol Water 

1 4.40E-01 1.82E-01 27% 11% 

2 2.48E-01 7.46E-01 0% 0% 
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3 8.87E-02 9.10E-01 0% 0% 

4 4.54E-02 9.54E-01 0% 0% 

5 3.52E-02 9.64E-01 0% 0% 

6 3% 97% 0% 0% 

7 3% 97% 0% 0% 

8 1% 99% 7.79E-06 4.70E-06 

9 0% 100% 9.24E-08 6.85E-08 

10  100% 1.09E-09 9.94E-10 

11 0% 100% 1.29E-11 1.44E-11 

12 4.76E-05 100% 1.53E-13 2.09E-13 

13 1.28E-05 100% 1.80E-15 3.04E-15 

14 3.43E-06 100% 2.13E-17 4.41E-17 

15 9.12E-07 100% 2.51E-19 6.39E-19 

16 2.35E-07 100% 2.84E-21 8.87E-21 

17 6.03E-08 100% 3.21E-23 1.23E-22 

18 1.55E-08 100% 3.63E-25 1.71E-24 
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19 3.97E-09 100% 4.10E-27 2.37E-26 

20 9.97E-10 100% 4.63E-29 3.28E-28 

 

 

 

Stages Stage Composition 

 Guaiacol Syringol Ethanol Water 

1 7.59E-12 1.61E-20 88% 12% 

2 2.00E-09 1.51E-16 83% 17% 
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3 2.85E-07 7.89E-13 76% 24% 

4 2.93E-05 3.08E-09 62% 38% 

5 0% 4.13E-06 36% 64% 

6 1% 0% 18% 81% 

7 19% 54% 11% 17% 

8 19% 55% 7% 19% 

9 20% 56% 3% 21% 

10 20% 57% 2% 22% 

11 20% 57% 1% 22% 

12 20% 57% 0% 22% 

13 20% 57% 0% 22% 

14 20% 57% 6.56E-04 23% 

15 20% 57% 2.81E-04 23% 

16 20% 57% 1.16E-04 2.26E-01 

17 20% 57% 4.79E-05 2.26E-01 

18 20% 57% 1.96E-05 2.25E-01 



     

 

    CONFIDENTIAL TRADE SECRET MATERIAL 

    LIMITED ACCESS AND DISTRIBUTION 

 

CONFIDENTIAL TRADE SECRET MATERIAL        4/2/2017 

LIMITED ACCESS AND DISTRIBUTION 
122 of 189 

19 24% 56% 7.55E-06 2.01E-01 

20 25% 73% 6.30E-07 2.40E-02 

 

 

 

 

Stages Stage Composition 

 Guaiacol Syringol Ethanol Water 

1 5.30E-01 1.48E-02 33% 13% 
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2 7.82E-01 2.05E-01 1% 0% 

3 4.18E-01 5.80E-01 0% 0% 

4 1.56E-01 8.43E-01 0% 0% 

5 7% 9.29E-01 0% 0% 

6 5% 95% 0% 0% 

7 4% 96% 0% 0% 

8 1% 99% 9.93E-06 6.01E-06 

9 0% 100% 1.22E-07 9.11E-08 

10 0% 100% 1.50E-09 1.37E-09 

11 0% 100% 1.84E-11 2.07E-11 

12 7.49E-05 100% 2.26E-13 3.11E-13 

13 2.09E-05 100% 2.76E-15 4.68E-15 

14 5.80E-06 100% 3.39E-17 7.04E-17 

15 1.60E-06 100% 4.15E-19 1.06E-18 

16 4.25E-07 100% 4.84E-21 1.52E-20 

17 1.13E-07 100% 5.66E-23 2.18E-22 
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18 3.00E-08 100% 6.61E-25 3.12E-24 

19 7.90E-09 100% 7.72E-27 4.48E-26 

20 2.04E-09 100% 9.00E-29 6.41E-28 

 

III.B: Liquid-Liquid Extraction 

n=40 

100 C 

 

 ELT-03 EXTRACT RAFF SOLVENT 

 EXTCOL   EXTCOL 

  EXTCOL EXTCOL  

 MIXED LIQUID LIQUID LIQUID 

     

Substream: MIXED     

Mole Flow kmol/hr     

WATER 70 65.92259 4.077409 0 

ETHAN-01 20 18.83503 1.164974 0 

GUAIA-01 10 9.417513 0.582487 0 

N-BUT-01 0 3.83E-20 30 30 

Total Flow kmol/hr 100 94.17513 35.82487 30 
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Total Flow kg/hr 3423.844 3224.409 2423.118 2223.684 

Total Flow l/min 38998.21 63.35919 55.93381 50.68645 

Temperature C 100 151.5665 122.5104 100 

Pressure bar 1.01325 1.01325 1.01325 1.378951 

Vapor Frac 0.7703777 0 0 0 

Liquid Frac 0.2296223 1 1 1 

Solid Frac 0 0 0 0 

Enthalpy cal/mol -59367.46 -65394.93 -71955.12 -74399.18 

Enthalpy cal/gm -1733.942 -1909.986 -1063.829 -1003.729 

Enthalpy cal/sec -1.65E+06 -1.71E+06 -7.16E+05 -6.20E+05 

Entropy cal/mol-K -30.70769 -47.52202 -105.7445 -120.9597 

Entropy cal/gm-K -0.8968778 -1.387973 -1.563392 -1.631882 

Density amol/cc 4.27E-05 0.0247728 0.0106747 9.86E-03 

Density gm/cc 1.46E-03 0.8481825 0.7220196 0.7311895 

Average MW 34.23844 34.23844 67.63788 74.1228 

Liq Vol 60F l/min 58.69607 55.2771 49.06972 45.65075 

 

10 stages at 50 degrees celsius 

n=10 

50 C 

 

 ELT-03 EXTRACT RAFF SOLVENT 
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 EXTCOL   EXTCOL 

  EXTCOL EXTCOL  

 LIQUID LIQUID LIQUID LIQUID 

     

Substream: MIXED     

Mole Flow kmol/hr     

WATER 70 66.50127 3.498728 0 

ETHAN-01 20 19.00039 0.999614 0 

GUAIA-01 10 9.500153 0.4998473 0 

N-BUT-01 0 9.29E-03 49.99071 50 

Total Flow kmol/hr 100 95.0111 54.9889 50 

Total Flow kg/hr 3423.844 3253.4 3876.584 3706.14 

Total Flow l/min 56.35166 53.54873 78.60838 76.06382 

Temperature C 20 20.00064 20.41434 20 

Pressure bar 1.01325 1.01325 1.01325 1.378951 

Vapor Frac 0 0 0 0 

Liquid Frac 1 1 1 1 

Solid Frac 0 0 0 0 

Enthalpy cal/mol -69057.25 -69058.19 -77860.57 -78740.72 

Enthalpy cal/gm -2016.951 -2016.75 -1104.443 -1062.301 

Enthalpy cal/sec -1.92E+06 -1.82E+06 -1.19E+06 -1.09E+06 
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Entropy cal/mol-K -57.70512 -57.71072 -126.5617 -134.0085 

Entropy cal/gm-K -1.68539 -1.685363 -1.795263 -1.807926 

Density mol/cc 0.0295761 0.0295715 0.0116588 0.0109557 

Density gm/cc 1.012642 1.012598 0.8219191 0.8120681 

Average MW 34.23844 34.24231 70.49757 74.1228 

Liq Vol 60F l/min 58.69607 55.77644 79.00421 76.08458 
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Appendix IV: Raw Data 

IV.A Cooking 
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IV.B Liquid-Liquid Extraction 
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IV.C Batch Distillation 
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IV.D Steam Stripping 
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IV.E Column Chromatography 
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IV.F Dosing 
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Appendix V: Lab Notebook 
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