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	Planning


Below you find a time schedule for your inquiry project, ‘Biofuels’. The first three sections (1-3) are integrated in the chemistry lessons and the other sections (4-8) will be done outside your chemistry lessons. Your first task is to become familiar with the inquiry. Therefore your teacher will give you a demonstration and you will do a guide experiment. After this you will analyse and judge research done by Wau, Latros & Abbe (2006). These three researchers investigated the viscosity of biodiesel produced from used sunflower oil.  How ‘fair’ and accurate is their research? Do you think their research results are trustworthy? Are their conclusions valid? These are questions that you will answer by critically analysing the article written by these three researchers. Following this we expect you – in a team of two – to perform a better inquiry.

As a team you will write a first report on your inquiry. All of the first reports will be published on the Internet. In this way you can discuss your results with peers all over the world, giving and receiving suggestions. You have to use these suggestions to improve your report, when you write your final article. All of the articles will compete for the 6th Natuurwetenschap & Techniek award of 500 Euro.

Time schedule for the ‘Biofuels’ project (10-20 hours):

	Start
	Part of the project
	Date
	2007

	February
	1. Understand aim and nature of the inquiry project


	February
	Start with the task

	
	2. Understand the research of Wau, Latros & Abbe:

· Predict, observe, explain 

· Conduct guide experiment

· Judge accuracy, reliability and validity


	February
	

	
	3. Own inquiry in teams


	March
	Conduct research

	March
	4. Write report


	
	

	April
	5. Send report  to l.vanrens@ond.vu.nl
	18 April
	Send report

	
	All reports with photographs on the website

http://www.onderwijscentrum.vu.nl/internetsymposium


	25 April
	

	April/May/

June
	6. Peer discussion in Internet symposium

The symposium discussion in the ‘fuelbox’ on:

· Accuracy in the research plan 

· Accuracy in performing the inquiry

· Reliability of the results

· Validity of the conclusions
	25 April

8 May
	Start Internet discussion

Check ‘fuelbox’

	
	7. Teamwork: 

Processing the comments received, improve report 

8.  Send final report to: l.vanrens@ond.vu.nl

	 30 May
	Final reports should be ready!



	June
	All first and final reports will be put on the website:

http://www.onderwijscentrum.vu.nl/internetsymposium

Independent Jury nominates the five best researches

Prize will be announced at the site


	11 June

20 June

 25 June
	First and final reports on the Internet

Nomination of the best researches

And the winner is …!



	November
	Publication of the best research in:

Natuurwetenschap  & Techniek 

http://www.nwtonline.nl

	November
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	1
Introduction


Nowadays chemistry forms an integral part of daily life. Whether it is clothes, food, body care, cars, computers or drugs, everything people produce involves chemistry. Without inventions and chemical research the world would be very different. Chemists conduct research to acquire directly applicable knowledge, but sometimes also to understand things better. Most of the time they build on research done by other chemists. Building on knowledge of others can be advantageous because you do not need to examine things yourself. On the other hand previous research causes problems of its own. When results are not reliable, invalid conclusions may be drawn. Other research can be distorted by invalid information and this may have serious consequences. That’s why accurate and reliable research is important.

One of the aims of this inquiry project is to understand how to measure ‘fair’ and accurate in your inquiry. This accuracy is necessary to get reliable results in your inquiry. The only way to draw valid conclusions is to get reliable results.

Only when ‘fair’ and accurate measurements are taken, will research results be reliable and can valid conclusions be drawn. Research should also be designed is such a way that other researchers can repeat it. This does not mean, however, that knowledge based on research results in itself is justified. Further investigations or other research can yield results that are slightly different or even undermine acquired knowledge. Researchers communicate about their research methods and their conclusions in professional magazines, journals and on the Internet. Another way of informing the public and politicians is by means of papers and television.

The researchers Wau, Latros & Abbe (2006) investigated the viscosity of biodiesel that they produced from used sunflower oil. We take their article as a starting point in your inquiry project. You analyse and judge their research on whether they designed their experiments in a fair way and measured accurately. Are their results reliable and did they draw valid conclusions? 

These questions are to be tackled in small teams. The answers will result in designing your own (team) inquiry that of course will be designed and carried out in an as ‘fair’ and accurate manner as possible. You will write (as a team) a report about your inquiry that you will send to l.vanrens@ond.vu.nl. Your report will be submitted to fellow researchers at others schools in an Internet symposium. In this so-called “fuelbox” you can comment on inquiries of other investigation teams and expect critical comments on your own inquiry as well. When the symposium is finished every team has to correct and improve their report. This will be your final report.

Each inquiry team will send their final report to l.vanrens@ond.vu.nl. A professional jury will judge all incoming final reports and will select the best inquiry. Those students whose inquiry is considered the best will win the sixth Natuurwetenschap&Techniek research award and their results will be published in Natuurwetenschap&Techniek, November 2007.
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	2
Demonstration: viscometer


Of  two liquids, acetone or propanone(l) and ethanol(l), the flow time at room temperature is determined with a viscometer.
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	Prediction
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	What do you expect about the flow time of the liquids propanone and ethanol, one after another, when measured in a viscometer at room temperature?

	2A (i)
2A (ii)
	Draw the molecular structures that represent propanone and ethanol

I expect that the flow time of propanone compared to ethanol is shorter / the same / longer, because 




Write down your observations, conclusions and explanation.
	[image: image19.jpg]



	Observations
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	Conclusion
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	Explanation


	2B (i)
2B (ii)
	Do you still agree with your explanation as written under “expectation”? Yes / No, because

So, the flow time of a liquid in a viscometer depends on:
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	Browse and use information from ’the fuel-o-tracker’ on www.onderwijscentrum.vu.nl/internetsymposium (2006-2007), click ‘organisation’ and then ‘inquiry’ to find support to your answers.
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	3
Guide experiment: from vegetable oil to biodiesel


In this modelling experiment you will visualize the reaction of changing a vegetable oil into biodiesel. Work in groups.
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	Modelling experiment: building the model 
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Use a model kit or ChemSketch to visualize the reaction from vegetable oil to biodiesel. This transesterification reaction is presented in the appendix of this booklet see page a. 
· Make the structures that represent vegetable oil and methanol.
· Let the methanol react with the vegetable oil.
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	Modelling experiment: drawing and defining
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	3A (i)
3A (ii)
	Draw the structure that represents biodiesel

What is transesterification?
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	Browse and use information from ’the fuel-o-tracker’ on www.onderwijscentrum.vu.nl/internetsymposium (2006-2007), click ‘organisation’ then ‘inquiry’ to find support to your answers.
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	4
Judging the research of Wau, Latros & Abbe


‘Biodiesel: production and viscosity’
Before analyzing Wau, Latros & Abbe’s research on ‘fairness’, accuracy, reliability and validity you will first answer some questions concerning accurate and reliable measurements.

§4.1
Orientation on accurate and reliable measurements

Remember the demonstration about measuring the flow time of propanone(l) and ethanol (l).
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	What would you do to measure the flow time as accurate as possible? Explain

	4A
	


Assume that the recorded flow time of propanone (l) is 40 seconds.
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	What would you do to find out if this measurement is reliable? Explain.

	4B
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	When is a series of measurements reliable?

	4C
	


§4.2
The research of Wau, Latros & Abbe: accuracy, reliability, validity

The research question of Wau, Latros & Abbe (2006) was: “what is the viscosity of biodiesel that is produced from used sunflower oil?” 
From the demonstration experiment you have learned that the flow time of a liquid e.g. depends on intermolecular forces between molecules. In paragraph 4.1 you have thought about reliability of measurements. 
In order to be capable of measuring accurately, experiments need to be designed in a ‘fair’ way. You need accurate measurements to come to reliable results. Only when results are reliable can one draw the most valid conclusions. So the question is how to design your experiments as ‘fair’ as possible to measure most accurate. 

To achieve accurate measurements researchers have to follow certain procedures. You will practice this procedure using the article of Wau et al.:

	How ‘fair’ is the design of the research of Wau et al.?

How accurate are the measurements of Wau et al.?

How reliable are the measurements or results of Wau et al.?

How valid is the conclusion drawn by Wau et al.?




By practicing these steps you will be able to critically judge other research and be capable of doing an accurate inquiry yourself.

A.
How ‘fair’ is the design of the research of Wau et al.?

To judge a research design, you need to identify all of the variables that play a role in the experiment. To take accurate measurements researchers want to know which variable they will measure. Variables are quantities (e.g. height), which can be measured as a number. Usually variables also have a unit (e.g. meters). Researchers should also carefully take into account other factors (e.g. when measuring the height of a person the floor on which the person stands should be straight), which can interfere with the variable to be measured. When taking variables into account:

1 List all of the variables;

2 Choose one of the variables

3 Change this variable;

4 Measure the effect of this change; and at the same time

5 Keep all other variables and factors constant.

Researchers distinguish three types of variables:

	Independent variable
	This is the variable to be changed

	Dependent variable
	This is the variable to be measured

	Control variables
	These are the variables to be kept constant


By using distinct variables it is easier for researchers (and other interested people) to understand the research and follow its progress. ‘Fair’ handling of variables is a difficult aspect of research design. For researchers it is difficult both to recognize ‘all’ of the variables and to exclude those variables and factors that they do not want to measure or to change. In other words: to keep all interfering variables and factors constant.

Now it’s up to you (in groups) to recognize the different variables in the experimental procedure of the research of Wau et al. (2006) and to find out whether they handled the variables carefully.
Use the part on ‘Determination of viscosity of biodiesel’  under ‘Experimental procedure’ in the article of Wau et al. (2006); see appendix page b or surf to www.onderwijscentrum.vu.nl/internetsymposium (2006-2007), click ‘organization’ then ‘inquiry’ till you reach the article (next to the fuel-o-tracker).

Recognizing variables in the research of Wau et al. (2006):
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	List all variables and factors that influence the flow time of a liquid in a viscometer.

	4D (i)
	Variables:


	4D (ii)
	Factors:
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	What is the independent variable in the experiment done by Wau et al. (2006)?

	4E
	


	[image: image38.jpg]



	What is the dependent variable in the experiment done by Wau et al. (2006)?

	4F
	


	[image: image39.jpg]



	What are the control variables in experiment done by Wau et al. (2006)?

	4G
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	Did Wau et al. forget any control variables?

	4H (i)


	If yes, which one(s)?



	4H (ii)
	Compare your group’s answers with these of the other groups in your class.




Judge whether Wau et al.(2006) correctly handled the variables in the flow time measurement:
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	We think that Wau et al. – in relation to the flow time of biodiesel – measured the incorrect / correct variable. Explain.

	4I
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	We think that Wau et al. – in relation to the flow time of biodiesel – changed the incorrect / correct variable. Explain.

	4J
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	We think that Wau et al. – in relation to the flow time of biodiesel – kept the 

incorrect / correct variables and factors constant. Explain.

	4K
	


B. How accurately did Wau et al. measure?

When the variables – related to the question under research – are known, the next step is to think about the design and set-up of the experiments. It is important to decide carefully, in advance how to conduct the actual experiment, both the set-up and the measurements. Wau et al. had to make decisions about:

i. How much liquid to use?

ii. How many temperatures to measure?

iii. How often should every measurement be repeated?

iv. What instrument would be used to measure?

v. To what significant figure can the measuring instrument be read off? 

With a well-developed research you will be less likely to encounter unpleasant surprises while the experiment is being conducted.

To find out whether Wau et al. did collect accurate measurements, you judge the decisions made by them in their experimental set-up in ‘determination of viscosity’, see appendix, page b. Discuss and answer in your group the following questions.
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	Decisions regarding the experimental set-up

	4L (i)
	Did Wau et al. choose the correct amount of biodiesel? Explain.



	4L (ii)
	Did Wau et al. choose appropriate temperatures to measure the flow time of biodiesel? Explain.




	[image: image45.jpg]



	Decisions regarding the measuring instrument

	4M 

4M (i)
	Is the instrument used by Wau et al. accurate enough? Explain.

What is the aim of using olive oil in the measurements? Explain.


	4M (ii)

	Did they read the temperature to a correct significant figure? Explain.
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	Decisions regarding the number of measurements

	4N
	Wau et al. repeated the measurement of the flow time of biodiesel three times. 

Was this enough times, according to you? Explain.



C.  How reliable are the measurements or results of the research of Wau et al.?

Before collecting measurements researchers think about how to collect their observations and data, how to present and analyze their results. Collected measurements are presented in tables and graphs. Furthermore, researchers always need to check whether their results are reliable. When measurements show too much deviation, they need to be repeated. Repetition of measurements enhances the reliability. 

You are now to judge whether Wau et al. presented their measurements in a correct manner and whether their measurements are reliable.
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	Presentation of measurements

	4O (i)
	Did Wau et al. present their measurements in Table 2 and 3 in a correct manner? Explain.


	4O (ii)
	Wau et al. used a graph (see Fig. 3) to find the relation between temperature and viscosity of biodiesel. Did they use the correct variables on the x-axis and y-axis? Explain.
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Figure 3. Relation between temperature and viscosity of biodiesel.
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	Reliability of measurements


	4P (i)


	Wau et al. presented the flow time measurements of biodiesel in Table 4 as:

Substance

Temp 

(K)

Flow Time 

(s)
Viscosity

(cP)

Biodiesel

273

- (solid)

-

294

11 ± 3

11.45

328

4 ± 2

4.20

358

3 ± 2

3.15


Table 4. Averaged flow time and viscosity of biodiesel at different temperatures.
When looking at a series of measurements, e.g. at 294 K (the second lower row of Table 4), we see:

Substance

Temp 

(K)

Flow Time 

(s)
Viscosity

(cP)

Biodiesel

294

11 ± 3

11.45

With 11 ( 3 Wau et al. state that the measured flow time values lie between

8 and 14 seconds.

Their measurements deviate 3 seconds from the average flow time of 11 seconds

Suppose that the flow time values are allowed to deviate within 5% of the average result. 

Which of the time flow values in Table  4 are accurate enough to be reliable? 
Encircle them.

	4P (ii)
	What possible causes of inaccuracy in Wau et al. measurements/ experimental design occur?
(a) Lack of keeping control variables and factors constant.
Yes / No
Explain.

(b) The measuring instrument or viscometer.

Yes / No
Explain.

(c) Low number of measurements.



Yes / No
Explain.

(d) Only four temperatures.




Yes / No
Explain

(e) Other causes.





Yes / No
Explain.




D. How valid is the conclusion of Wau et al.?

A conclusion can be considered as valid when experiments are accurately designed and carefully executed. Of course, experiments should be designed in such a way that answering the research question is possible. Wau et al. (2006) research question is: “what is the viscosity of biodiesel that is produced from used sunflower?”. To answer this question first biodiesel was produced and experiments were designed for measuring the flow time values at four different temperatures. 

The results were presented in Table 4 and Figure 3. From the graph in Figure 3 Wau et al. concluded that ‘the viscosity of biodiesel decreases when the temperature increases’ and they concluded that ‘around room temperature and atmospheric pressure the viscosity of biodiesel produced from sunflower oil is 11.45cP’.
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	Validity of the conclusion drawn by Wau et al.

	4Q (i)

4Q (ii)


	Which of the measurement(s) [see question 4P (i)] did you conclude to be reliable? 

Indicate the reliable point(s) in the graph.

[image: image51.emf]0

0,5

1

1,5

2

2,5

3

0,0025 0,003 0,0035 0,004

1/T (K)

Ln (viscosity)




Figure 3. Relation between temperature and viscosity of biodiesel.

Do you agree with the conclusions Wau et al. inferred from the graph? Yes / No Explain.

Is the experimental design of Wau et al. suitable to find an answer on the research question as stated in their article. Yes / No. Explain.
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	5
Inquiry in teams


The research question of Wau et al. was “what is the viscosity of biodiesel that is produced from used sunflower oil?” They concluded from their flow time experiments that ‘the viscosity of biodiesel decreases when the temperature increases’ and they concluded that ‘around room temperature and atmospheric pressure the viscosity of biodiesel produced from sunflower oil is 11.45cP’. Out of their discussion many questions arise:
“What about the viscosity of biodiesel that is produced from other used or unused oils that have less carbon atoms in the triglyceride tails? Or what would happen to the viscosity of  biodiesel when other alcohols than methanol are used in the reaction with triglycerides?

Another question related to the viscosity is: what is the viscosity of diesel and biodiesel as delivered from a petrol station?

A complete other area of interest could be the energy released when (produced) biodiesel and diesel from a petrol station are burned? Is there a difference in energy release? And what could be the reason?”
To answer one of these questions, or your own question, you design and conduct your own inquiry. You will do research and write a report in a ‘fair’, accurate, reliable and a step-by-step manner. It is all up to you!
Before starting your own inquiry answer the following questions.

An inquiry question can be investigated when this question has an independent (what are you going to change?) and a dependent (what are you going to measure?) variable.

e.g. look again at the research question of Wau et al.
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	5.1
Formulate your own inquiry question
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	5A
	

	5B


	Write down your hypothesis.


Now write your own inquiry plan as a team.
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	5.2
Inquiry plan


A copy of this inquiry plan document can be found at: www.onderwijscentrum.vu.nl/internetsymposium (2006-2007), click ‘organisation’, ‘inquiry’  and then ‘inquiry plan’, next to the fuel-o-tracker.
A. Variables
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	Dependent variable
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	5C
	What variable are you going to measure? Explain why.
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	Independent variable
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	5D
	What variable are you going to change? Explain why.




	[image: image60.jpg]



	Control variables
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	5E
	Which variables and factors do you need to control - keep constant - in your experiment? Explain why.




B. Decisions on the experiment, the experimental set-up and the measurements

How to make accurate measurements?
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	What instrument for measurement are you going to use? Explain.
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	5F
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	Up to what significant figure can you read your instrument?

Are repeated measurements needed? Explain.
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	5G
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	Which materials do you need? List these materials below.
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	5H
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	Make a drawing of your experimental set-up.
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	5I
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	What results do you expect?

Explain why.
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	5J
5K
	Check whether your inquiry plan is really answering your inquiry question.

If not, change your question into a question that fits to your plan.




Discuss your plan with your teacher. If she/ he agrees, you can start your experiments.

Good luck!
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	5.3
Keep a record of the inquiry 


A copy of this inquiry plan document can be found at: www.onderwijscentrum.vu.nl/internetsymposium (2006-2007), click ‘organisation’, ‘inquiry’  and then ‘keep a record of the inquiry’, next to the fuel-o-tracker.
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	Inquiry dairy
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	Date
	Work done
	Remarks / Observations
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	6
First and final report, Internet symposium: guidelines


This booklet needs to be handed in to the teacher. As a team you will get a mark for your inquiry plan, your final report and for your participation in the peer discussion in the Internet symposium.

§6.1
Writing a report: guidelines

The layout of a report depends on the journal you are writing for. A report will be published when it satisfies criteria posed by the journal. This will also be the case for your article. 

After publishing the reports the Internet symposium (the fuel-box) or peer discussion starts. You can use the comments to improve your first report as you write a final report. These final reports will also be published on the Internet. Then a professional jury will compare all reports and nominate the 5 best research teams for the 6th Natuurwetenschap & Techniek research award of 500 euro.

Take Wau, Latros & Abbe’s article as an example. Your report should contain the following:

	●
Snappy title

●
Names of the authors

●
Summary
● 
Introduction 

(How did you come to your inquiry question?)

Inquiry question 
(What are you going to investigate?)
Hypothesis 

(Which theory guides your inquiry assumptions?)
● 
Experimental Design
(How are you going to investigate your inquiry question?)

Variables 

(How did you take variables into account?)
Accuracy 

(Regarding the account of the experimental set-up 




and the measuring itself)
●
Results 

(Observations in tables and/or graphs, reliability)
●
Conclusion 

(A valid answer to your inquiry question)

●
Discussion 

(Satisfaction with your inquiry method, suggestions for 





improvements, questions that came up)

●
Bibliography 

(Which sources did you use?)




Further guidelines: 

· Use correct English.

· Use a layout in 2 columns.

· Enclose a picture or drawing of the experimental set-up (max. 100 kb).

· The report should not exceed 1500 words (max. 500 kb).

· Add separately the email addresses of all team members
· Ask your teacher to send a named digital picture (max. 100 kb) of your team.

§6.2
The peer discussion in the Internet symposium: the ‘fuelbox’
To have a meaningful and fruitful discussion with another inquiry team at a school elsewhere, you first need to read their report. Then judge their inquiry report by asking the following questions:

	· Are the dependent and independent variable visible in their inquiry question?

· Are their assumptions and theory about their hypothesis included and relevant?

· Did they manage the control variables well?

· Did they measure accurately?

· Are their results well presented?

· Did they track the reliability of their results?

· Can you approve of their conclusions and discussion?

At the halfway mark in the Internet symposium you will be checked to see how well you have participated in the symposium. This will be part of your mark. 
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	7
Study guide


	Before
	Understand what your inquiry project is about:
· Read the planning

· Choose your research partner



	Lesson 1
	Understand what Wau, Latros & Abbe investigated:
· Read the introduction

· Follow the demonstration: Predict, observe and explain

· Find information in the fuel-o-tracker on flow time of liquids
Homework:

· Look at the website, browse the site and the fuel-o-tracker

· Read the article of Wau, Latros & Abbe (2006)


	Lesson 2
	Judge the research of Wau, Latros & Abbe:

· Conduct the guide experiment: from vegetable oil to biodiesel
· Orientation on accurate and reliable measurements 

· Read about variables

· Judge Wau, Latros & Abbe’s article on handling variables

· Judge Wau, Latros & Abbe’s article on accuracy



	Lesson 3
	Judge the accuracy and reliability in Wau, Latros & Abbe’s research:

· Judge Wau, Latros & Abbe’s experimental set-up

· Judge the reliability of Wau, Latros & Abbe’s measurements

· Judge the presentation of Wau, Latros & Abbe’s results

· Judge the validity of Wau, Latros & Abbe’s conclusion



	Lesson 4
	Your own inquiry project: question and plan

· Formulate an inquiry question

· Design an inquiry plan

· Hand in your inquiry plan to the teacher



	Lesson 5/6
	Your own inquiry project:
· Conduct your planned experiments

· Collect measurements

 

	
	Your own inquiry project:
· Write a first report as a team (see Planning)
· Send your first report to: l.vanrens@ond.vu.nl
· Discuss the report of another team in the ‘fuelbox’ Internet symposium

· Improve your report and write a final report

· Send your final report to: l.vanrens@ond.vu.nl
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	8
List of concepts


Complete the list of concepts. Work gradually on this list as the project proceeds.

TRIGLYCERIDE

ESTER

TRANSESTERIFICATION

FLOW TIME

VISCOSITY

INDEPENDENT VARIABLE

DEPENDENT VARIABLE

CONTROL VARIABLES

ACCURACY

RELIABILITY


VALIDITY
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	Biodiesel: production and viscosity
Wau, M., Latros, H. & Abbe, J.

Vrije Universiteit Amsterdam, The Netherlands 

Received October 2006

	Summary

Biofuels, in particular biodiesel, are currently under research in many laboratories all over the world. One of the known problems with biodiesels is that they solidify at lower temperatures and then jam car engines. We produced biodiesel by the transesterification of a used vegetable oil, sunflower oil, and investigated the viscosity at temperature between 273 K and 358 K. In our experiment the transesterification reaction yielded up to 41.3%. Can this yield be increased? Or would other used or unused oils give a better yield? From our viscosity results the question arises whether other biodiesels have a more suitable viscosity for a colder climate. And what is the viscosity of diesel and biodiesel from a petrol station?
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	Introduction
Relying on fossil fuels like petrol is reaching a critical level. At present research is being carried out in laboratories all over the world to find alternatives to these non-renewable fuels. One area of research interest is biomass fuels with biodiesel as an example. Our search for the synthesis of biodiesel led us to a transesterification reaction of vegetable oil (1). 
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Scheme 1. Transesterification of vegetable oil
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In this synthesis vegetable oil (triglycerides) reacts with methanol under a sodium hydroxide catalyst to long chain methyl esters or biodiesel and glycerol (Scheme 1).  

An advantage of biodiesels compared to fossil fuels is that they contain no sulphur or nitrogen compounds and hence when burning do not contribute to acid rain or smog formation. On the other hand a disadvantage of biodiesels is that they can become viscous or even solidify at lower temperatures so that engines then can get jammed (2). Viscosity follows an Arrhenius dependency on temperature as shown in the following equation: 
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Where ηapp is the recorded viscosity, A is the Arrhenius constant, C is a constant and T is the temperature.
From a societal and environmental point of view it is interesting to know whether it is possible to produce biodiesel from used oils, so to make re-use of various vegetable oils possible. 

Therefore the research question is: what is the viscosity of  biodiesel that is produced from used sunflower oil? 
Experimental procedure
Synthesis of biodiesel
Used sunflower oil is obtained from the university food services. Food particles are removed from a sample of oil by vacuum filtration. From the literature (1) we know that for the esterification of 1 litre of 


	unused oil 3.50 g NaOH(s) is needed. As we produce biodiesel from used oil we need, because of more free acid, to find the correct amount of NaOH(s) for the reaction. Therefore we conduct a titration. We dissolved 2.00 mL of filtered sunflower oil in 30.00 mL 2-propanol in a small beaker and added a few drops of the indicator phenolphthalein. This solution was titrated with 0.1 mass % NaOH in water and after adding 3.00 mL NaOH solution the indicator turned pink. This titration volume equals 3.00 grams and is added to the 3.50 g NaOH(s) per litre oil.  So  3.00 g +  3.50 g = 6.50 g of NaOH is needed per litre of filtered sunflower oil. In the reaction we use 60.0 mL of oil. Therefore the total amount of NaOH(s) for the reaction is: 6.50 g/1000 mL x 60.00 mL = 0.39 g 

One gram of sodium hydroxide [NaOH (s)] is dried in an oven at 100 oC for 24 hours and ground in a mortar and pestle to speed its dissolution in methanol.

60.0 mL filtered oil, 12.0 mL methanol and 0.39 g  ground NaOH (s) are carefully put in a three neck round-bottomed flask fitted with a thermometer, reflux condenser and a glass stopper. The round-bottomed flask is placed in a water bath that is kept at a constant temperature of 65 oC on a magnetic stir plate (Figure 1). The reaction is allowed to proceed at 65 oC for one hour with continuous stirring. The solution is then cooled and when two layers are formed the top layer is decanted in a separation funnel and three times washed with 0.15 M acetic acid and dried overnight with anhydrous magnesium sulphate. The biodiesel is then filtered and the amount of biodiesel is determined by weighing.
[image: image83.emf]
Figure 1. The experimental apparatus used for the synthesis of biodiesel.

Determination of viscosity of biodiesel 
For all measurements we use the same viscometer [Figure 2; (3)]. First the viscometer is cleaned with
the measured density resulting in the experimental viscosity of our produced biodiesel.  

According to the Arrhenius dependency we plot 1/T versus Ln(ηbiodiesel) in a graph to show the temperature dependence of our produced biodiesel as well as to get a linear fit for the data so that extrapolation to colder and hotter temperatures can be interpreted.
Results
Synthesis of biodiesel
As shown in Table 1 the reaction started with 60.0 mL used sunflower oil with a density (ρ) of 0.92 g/mL (4). Using the formula  volume x density = mass we found that we started with  60.0 mL x 0.92 g/mL = 55.2 g of sunflower oil. 55.2 g of sunflower oil equals to 55.2 g / 885.4 gmol-1 = 0.06 mol.
The reaction produced 29.0 mL of biodiesel (Table 1). This volume of biodiesel had a mass of 24.9 g. So the density (ρ) of biodiesel is:

 ρ = mass/volume = 24.9 g / 29.0 mL = 0.86 g/mL.

24.9 g of biodiesel is 24.9 g / 335.5 gmol-1 = 0,07 mol
Substance

Volume

(mL)

Mass

(g)

Density

(g/mL) 

Mol

Sunflower 

60.0
55.2 
0.92 

0.06

Biodiesel

29.0

24.9 

0.86 

0.07

Table 1. Volume, mass, density and mol of sunflower oil and biodiesel.

A 100% yield of biodiesel  should have led to 3 x 0.06 mol = 0.18 mol biodiesel. We found 0.07 mol biodiesel. So the yield for biodiesel in of our reaction is: 0.07 mol / 0.18 mol x 100% = 41.3%

Determination of viscosity of biodiesel
The density, viscosity and the averaged measured time flow of the standard oil, olive oil, for 273 K, 294 K, 328 K and 358 K are presented in Table 2.

Substance

Temp

(K)

Density

(g/mL)

Viscosity

(cP*)

Time

(s)

Olive oil

273

0.97

253.2

214±1

294

0.97

80.45

68±1

328

0.97

26.03

22±1

358

0.97

13.01

11±1

Table 2. The density, viscosity and averaged time flow of olive oil at 273 K, 294 K and 328 K. *The unit of viscosity is poise (P) derived from the physicist Poiseuille. 1 centiP (cP) = 1g / (meter x sec).
For all temperatures of olive oil the calculated viscosity constant (C0) is 1.22 m2 / s2 (Table 3).
Substance

Temp

(K)

Viscosity Constant (C0)
(m2 / s2 )

Olive oil

273

1.22

294

1.22

328

1.22

358

1.22

Table 3. C0 of olive oil at different temperatures.

a lot of soap. We tried to avoid this problem by using a titration to take care of  the presence of free acid in our sample of used sunflower oil. Despite our efforts of finding the extra amount of NaOH(s) by titration the yield of biodiesel remained low. Therefore, we conclude that the concentration of NaOH(s) is critical in the production of biodiesel. We suggest that the amount of  NaOH(s) in the reaction should be exactly 1 mass % of unused oil. For the mol ratio of oil and methanol we suggest that this ratio should be 1:8. 

Determination of viscosity of biodiesel 
The flow time measurements at different temperatures of the standard oil (olive oil) ended for the viscometer we used all up in a viscosity constant (C0) of:

1.22 m2 / s2. Because of the regularity we consider this value as reliable.

For our produced biodiesel we could not measure the flow time at 273 K, because at that temperature the biodiesel solidified (Table 4). Therefore our produced biodiesel is not suitable for running a car in cold climates.  At higher temperatures the time flow was good (Table 4), therefore cars could run well in moderate climates with our produced  biodiesel. This can as well be extrapolated from the graph in Figure 3, because the graph shows with a regression coefficient of R2 = 0,9542 more or less a linear fit.

Answering our research question
Regarding the research question we see that our question was not specific enough because we hadn’t anticipated on effect of the temperature on the viscosity. That temperature has an influence is understandable when we consider the viscosity of a liquid as a characteristic value for the resistance that the liquid exerts against flowing.

So in answering our research question we conclude that the viscosity of biodiesel decreases when the temperature increases. Furthermore we can conclude that around room temperature and atmospheric pressure the viscosity of biodiesel produced from sunflower oil is 11.45 cP.  
Further research

Further research is needed to find out whether the yield of production of biodiesel can be increased, so as to find out what the best conditions are in a small scale production of biodiesel.

The other problem lies in the solidification of biodiesel produced from sunflower oil at lower temperatures. What about the viscosity of biodiesel that is produced from other used or unused oils that have less carbon atoms in the triglyceride tails? Or what would happen to the viscosity of  biodiesel when other alcohols than methanol are used in the reaction with triglycerides?
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Figure 2. Measuring with a viscometer.

water and then acetone and carefully dried with forced air. The viscometer is vertically mounted in a constant temperature bath (2 L beaker with a thermometer and stir bar) so that both fiducial marks can be seen and are under the water level. 
After this 10 mL of olive oil is poured in to the viscometer and allowed to thermally equilibrate for about 10 minutes. A rubber suction bulb is used to pull the oil a little higher than the upper fiducial mark. 
The bulb is removed and the flow time of the liquid between the fiducial marks is clocked using a stopwatch. The flow time of olive oil is measured at four temperatures (273 K, 294 K, 328 K and 358 K) each measurement is repeated thrice. We clean and dry the viscometer and repeat the experiment with 10 mL of our produced  biodiesel at the same temperatures.
Data analysis
Synthesis of biodiesel
After washing and drying the biodiesel the volume is measured, weighed and the density is calculated. Furthermore the yield, in %, of biodiesel is determined. 

Determination of viscosity of biodiesel 
To find the viscometer constant we use olive oil as a standard liquid, because the density (ρ) of the oil as well as  the viscosity (ηapp) of olive oil at 273 K, 294 K and 328 K are available in a chemistry handbook (4). 

For each temperature the measured flow times of olive oil are averaged. With this flow time we calculate the viscometer constant using the following formula: 
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Where ηapp  is the viscosity of olive oil, t is the flow time, ρ is the density of the oil and C0 is the viscometer constant. The viscometer constant is calculated for all temperatures examined. 

The constant is then multiplied with the averaged flow time of the biodiesel for a  particular temperature and 

The measured and averaged flow time at 273 K, 294 K, 328 K and 358 K of our produced biodiesel as well as the calculated viscosity at the different temperatures are  shown in Table 4. 

Substance

Temp 

(K)

Flow Time 

(s)
Viscosity

(cP)

Biodiesel

273

- (solid)

-

294

11 ± 3

11.45

328

4 ± 2

4.20

358

3 ± 2

3.15

Table 4. Averaged flow time and viscosity of biodiesel at different temperatures.
Table 5 shows the 1/T and Ln viscosity of our produced biodiesel. 

Substance

1/T
Ln of Viscosity

Biodiesel

0.00366

-

0.00340

2.44

0.00305

1.44

0.00279

1.15

Table 5. 1/T of different temperatures and the values of Ln viscosity of our produced biodiesel.

Whereas Figure 3 shows the relation between temperature and viscosity of biodiesel. In the graph Ln (η)  = 2165,2(1/T) - 4,9947 with a regression coefficient R2 = 0,9542.
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Figure 3. Relation between temperature and viscosity of biodiesel.

Conclusion and discussion

Synthesis of biodiesel
For our produced biodiesel we found a density (ρ) of 0.86 g/mL (Table 1), which is a comparable and good value (1).

The yield in our production of biodiesel is 41.3%. This yield is low compared to yields of  ≥ 80% as reported in the literature (1). Maybe our yield was too low because of problems with the amount of the catalyst NaOH(s). Too little sodium hydroxide resulted in no reaction at all whereas too much resulted in a reaction of sodium hydroxide with glycerol that ended up with
Another question related to the viscosity is: what is the viscosity of diesel and biodiesel as delivered from a petrol station?

A complete other area of interest could be the energy released when (produced) biodiesel and diesel from a petrol station are burned? Is there a difference in energy release? And what could be the reason?
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	Some words explained.


	accuracy
	nauwkeurigheid

	acid rain
	zure regen

	acetic acid
	azijnzuur

	advantage
	voordeel

	anhydrous
	watervrij

	average
	gemiddelde

	compound
	samengestelde stof, verbinding

	condenser
	koeler

	control variables
	controlevariabelen

	to decant
	decanteren, afgieten

	to decrease
	afnemen

	dependent variable
	afhankelijke variabele

	density
	dichtheid

	disadvantage
	nadeel

	to dissolve
	oplossen

	to examine
	onderzoeken

	fiducial marks
	merkstrepen 

	independent variable
	onafhankelijke variabele

	inquiry
	onderzoek

	to jam
	vastlopen

	mortar and pestle
	vijzel en stamper

	to multiply
	vermenigvuldigen

	reliability
	betrouwbaarheid

	to rely on
	vertrouwen op

	separation funnel 
	scheitrechter

	small scale
	op kleine schaal

	snappy
	pakkend

	societal
	maatschappelijk

	to solidify
	vast worden

	standard liquid
	ijkvloeistof

	to submit
	insturen

	transesterification
	omestering

	validity
	geldigheid

	viscosity
	viscositeit

	yield
	opbrengst
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