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EXECUTIVE SUMMARY:
“Operation Rainbow” is a project proposed by Dr. Michael Grossman  a volunteer for Workers’
Health and Safety Legal Aid Clinic. It deals with the Rainbow experiment: a laboratory
experiment performed in secondary schools that identifies characteristic colours produced by
crystalline compounds when ignited.
However, the experiment uses methanol as an accelerant. Due to its high combustibility and low
evaporation temperature the methanol creates a serious fire hazard. Various accounts of injuries
caused by flash fires have led the American Chemical Society to recommend a discontinuation of
the experiment. Thus the aim is to create a design that makes the experiment safe.
The functional basis of the design is to generate accurate information on the “Rainbow
Experiment”; specifically pertaining to its hazards and the prevention thereof, while minimising
safety hazards.
There are three objectives that the design seeks to fulfill, each with their respective metrics. The
design should be instructional, compelling and expedient. The design must also adhere to the
constraints of safety, and all applicable laws and regulations. The stakeholders for the design
were identified and the standards that need to be adhered to were established. The team
determined the physical and living service environment in which the design should function.
5 alternative designs were generated, and the proposed conceptual design was chosen using a
weighted decision matrix. The proposed design consists of a cylinder carrying liquid methanol
down an interior funnel tubing. The funnel delivers methanol to the recipients, where crystalline
salts are placed and then ignited with a wooden splint. This design minimizes safety hazards by
limiting the amount of methanol added to the system, and chances of explosions taking place.
The regulations and standards that the design must adhere to include guidelines and standards set
by the American Society Board and other relevant parties. The team also established the tests to
be performed to ensure its credibility with respect to fulfillment of the objectives, which include
qualitative surveys.
The measures required to implement the design include prototyping, manufacturing and
distribution. The design has impacts on the environment, including pollutants, solid and energy
waste. The design also has the social impacts on students, teachers, and other stakeholders.
Human factors were also considered while creating the design. The costs of the design include
capital costs and environmental and external costs.
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1.0 PROJECT REQUIREMENTS :
The client Dr. Grossman, needs a redesign of the current Rainbow experiment to ensure that it is
safe to perform and observe. The following sections identify the scope of the problem and
determine the functions, objectives and constraints (FOCs). The service environment and
prominent stakeholders are also analyzed.
1.1 PROBLEM STATEMENT:
In 1860, Robert Bunsen and Gustav Kirchhoff invented the spectroscope that showed that each
element emits a characteristic wavelength when heated, producing distinctive spectral lines when
passed through a prism [1][2][3]. This phenomenon is illustrated in high schools through the
Rainbow Experiment which involves igniting a mixture of specific chemicals to produce these
wavelengths. [4][5][6] 
[Appendix A]
According to the American Chemical Society (ACS), this experiment can be harmful if proper
procedures are not followed [7][8][9]. In 2014, two high school students in New York suffered
burns from a fireball [8][10][11]. In November 2015, a fire broke out at Woodson High School
during a demonstration where the participants did not wear protective clothing [9][12][13].
The current experiment is unsafe due to the use of methanol in the ignition of crystal samples.
This alcohol can be ignited by a flame, a spark or even static electricity causing a serious fire
hazard. [7][14][15]. Methanol is denser than air and thus sinks to the ground undetected
[7][14][15].
The need is to adjust the procedure of the experiment so that high school teachers can perform it
safely. The experiment should effectively demonstrate the phenomenon and engage students to
maximize their learning potential through a visual display of the characteristic flame colours.
The budget for the design is flexible as it is not a concern for the client. The design must follow
the safety guidelines and protocols of school boards, the government and chemical boards and
outline the potential hazards of laboratory experiments.
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1.2 IDENTIFICATION OF STAKEHOLDERS:
Stakeholders are organizations that have an interest that may impact the design. In the table
below, stakeholders are listed in order of influence with their respective interest and consecutive
impact on the functions, objectives and constraints of the design. The order was decided by
analyzing who would care about a child’s safety first.
Table1Stakeholders, Respective Interests and Consequent Impact on FOCs
Stakeholder

Interest

Impact on FOCs 
the design should:

Parents

Concerned with safety of their
children.

National Science Teachers
Association (USA)

Mitigating any hazards in teaching
environments.[16]

Allow teachers to be responsible
as temporary caregiver

Ministry of Education
(Canada)
Department of Education
(USA)

Educational institution issues
including safety of students,
teachers. [17][18][19]

Adhere to all relevant safety
regulations

Chemical Safety and Hazard
Investigation Board

Responsible for investigating
chemical accidents. [19]

Abide by the chemical safety
recommendations of CSIHB

ACS

Concerned with all matters
pertaining to chemical safety in the
US. [20]

Abide by chemical safety
recommendations of the ACS

Canadian Centre for
Occupational Health and
Safety

Concerned with matters pertaining
to health and safety in Canada. [21]

Abide by the Materials Science
Datasheet stipulated by the
CCOHS

Ontario Ministry of Labour

Matters pertaining to workplace
safety in Ontario. [22]

Abide by the Occupational
Health and Safety Act of
Ontario

Be safe for students to watch or
perform.
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1.3 FUNCTIONS:
The functional basis of the design is to generate information
Primary functions:
● Provide accurate information about BunsenKirchhoff spectroscopy
● Ensure safety by preventing explosions and fires
Secondary functions:
● Indicate potential hazards of experimental chemistry
Unintended functions:
● Create interest in students leading to a career path in chemistry and/or physics
● Lead to safer industrial processes

1.4 OBJECTIVES:
This section outlines the various objectives that the design must satisfy. The design should be:
● Instructional: 
Provide a platform to illustrate the core underlying concepts of
spectroscopy. This can be measured through an assessment to determine students’
understanding, with a recommended sample size of 385.[23][24] (calculated by
FluidSurveys) 
[Appendix B]
● Compelling: 
Engage students through a visual display of chemicals and their
characteristic flame colors to maximize learning potential of students. This can be
measured by a survey of students to determine how interesting the experiment is, with a
recommended sample size of 385.[25][26] 
[Appendix B]
● Expedient: 
Easy to set up and execute relative to the skill level of the performer. This is
measured by a survey of the users to determine easeofuse. For 40,000 high school
teachers, 381 is ideal sample size, according to the calculator of FluidSurveys[23].
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1.5 CONSTRAINTS:
This section determines what the design must provide to meet the requirements of the client and
laws. The design must:
● Be safe and limit hazards: 
Must eliminate potential safety hazards caused due to
ignition of methanol. The design must follow guidelines set by the Council of Ontario
Directors of Education (CODE). [7][26][27][28][29][30]
● Be educational: 
Must accurately demonstrate the Rainbow Experiment and
maintain/increase the level of knowledge received by the current experiment.
● Follow laws and regulations:




"Student Safety in secondary science education Grades 912"  by the CODE  Health and
Safety committee
"Chemical Safety for Teachers and Their Supervisors"  provides guidelines on different
hazards, and preventative measures.
"Reducing risks to Students and Educators from Hazardous Chemicals in a Secondary
School Chemical Inventory"  by the ACS’s list of materials that should not be used in a
classroom [31][32][33].
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1.6 SERVICE ENVIRONMENT:
This portion of the report outlines the environment in which the design will operate. The design
will operate in secondary schools in Canada and the USA and is expected to be implemented in
an indoor high school laboratory or classroom environment. Statistics are generated from a
combination of Canadian and American sources to sufficiently generalize service environment.
1.6.1 PHYSICAL ENVIRONMENT:
● Temperature: 
Laboratory temperatures kept above 18℃ according to the 
Occupational
Health and Safety Act
of Ontario. [34][35][36]
● Humidity: 
48% humidity is recommended for a classroom environment [37]. It is
optimal to adjust indoor temperatures to “50% R.H.” in case of air conditioning. [38]
● Chemicals: 
According to the 
Local Hazardous Waste Management Program 
in
Washington  982 chemicals found in an average high school laboratory.[39]
● Equipment: 
A typical laboratory must contain a fire extinguisher, blanket, eyewash
station, safety shower, firstaid kit, fumehood, a pair of chemicalresistant rubber gloves
to clean or handle chemicals, tongs, etc. [40]
1.6.2 LIVING ENVIRONMENT:
● Class Sizes: 
Average class size for secondary schools is 18.6 in selfcontained classes
and 23.3 in a departmentalized configuration. [41][42]
● Teacher Educational Background: 
3.8% of teachers have less than a bachelor's degree,
39.9% holds a bachelor’s degree, 47.7%  master’s degree, and 8.7%  a doctor’s degree.
[43]
● FacultyStudent Ratio: 
The average pupilteacher ratio in the United States for
secondary students is 14.7:1 in 2013.[44]
● Bacterial and Viral communities on classroom surfaces: 
Viruses such as influenza A
can be found in 50% of classroom surfaces and norovirus in 22% of surfaces [45][46]
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2.0 DETAILED DESIGN  FUNNELS
The final design comprises of an enclosed cylindrical container with a funnel system that leads
the methanol into three separate recipients loaded with a crystalline salt. This shown in 
Figure 1
.
The purpose of the design is to perform the Rainbow Experiment while limiting the amount of
methanol used, and sealing the combustion process so as to mitigate any risks that may arise in
the experiment.

Figure 1  Final Design Overview
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2.0.1 Components:
The total weight of the system is 27.5 kg and it is thus recommended that it be a permanent
installation in the laboratory 
[Appendix C]
.
Table 2 Components, and their functions and descriptions
Components

Functions and Descriptions

Exterior body

● One half with concrete and stainless steel (304)
interior lining [47]
● Other half with heat resistant PyroCeram glass
[48]. The glass section of the cylinder can be
opened like a door, and the funnel can be taken in
and out.
● To reduce the cost, the top and base is made from
concrete

Holding Container

● Cone shaped with an opening diameter of 10 cm
and a height of 11 cm.
● Directly connected to the funnel system, and is
separated with a latch.
● Addresses the hazard of uncontrolled combustion
due to excessive addition of methanol 
[Appendix
G for calculations and details]

Recipients

● The recipients are suspended by attaching them
to the top of the cylinder in direct connection
with the holding container.
● Each recipient is separated in 15 cm
incrementsthe first recipient is 15 cm from the
top and the third 15 cm from the bottom,
allowing for sufficient separation of the flames
during the experiment 
[See Appendix D for
calculations]
.

Schematics

Engineering
Strategies and Practice

Funnels

● Composed of thin steel tubing
● 1.5 cm in diameter, and connected to the three
recipients with a 0.5 cm opening. When a
recipient is filled up to 80% volume, the
methanol continues on its path in the funnel to
the next until all three are optimally filled
[Appendix F].

Airflow supply

● An airflow is supplied into the system through an
opening on the bottom
● Reduces the risk of incomplete combustion
[Appendix F]
.
● Flames in the design can be augmented or
extinguished by increasing air supply or turning
it off.

Latches

● Located on the side of the design
● There are three latches levelled with each
recipient, where the salt solutions can be lit from
the outside.

Carbon
Monoxide
detector

● Added to detect excessive levels of CO
● Provides precautionary measures
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2.0.2 Mechanism:
The cylindrical container is to be placed with the glass facing the students, on a stable and level
surface. The glass section is opened and the funnel system is placed inside, latching and
connecting to the holding container at the top. Crystal salts are loaded in each recipient and the
glass door is closed. The methanol is poured up to the fill line of the holding container, and the
lever is pulled to distribute the methanol into the three recipients via funnel system. The holding
container ensures that excessive methanol is not added to the container 
[Appendix G]
. The air
valve is opened and the recipients can be lit through their respective latches on the side with a
wooden splint.

Figure 2  Interior View of Design
The design optimally satisfies the prescribed objectives of being educational, captivating and
expedient. The design replicates the Rainbow Experiment with up to three different crystal salts
burned simultaneously, while maintaining safety constraints by sealing the experiment in a
closed system and limiting the amount of methanol used. There is a design for safety and
durability incorporated to the conception of the container, with the safety of the operator and
audience as the top priority. The materials to create the design are durable in order to withstand
any hazards that may arise.
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2.1 REGULATIONS, TESTING AND INTELLECTUAL PROPERTY
The team has demonstrated due diligence by identifying and following the regulations, codes and
standards that pertain to the design outlined in section 1.5 (Constraints). The team took into
consideration the following 
regulations and guidelines:
● Science Safety Checklist
(pages 814) in “Student Safety in Secondary Science
Education Grades 912” established by CODE Health and Safety
committee[7][26][27][28][29][30].
● The American Chemical Society (ACS) that provides guidelines on different hazards and
preventable measures in the
“Chemical Safety for Teachers and their Supervisors”
(pages 415) [31][32][33].
● “Reducing risks to Students in Educators from Hazardous Chemicals in a
Secondary School Chemical Inventory”
that provides guidelines on prohibited
materials [31][32][33] .
The industry safety standards the design should meet are:
● Flash point of Methanol by the Standard Test Methods for Flash Point by
PenskyMartens Closed Cup Tester [49]
● Fuel to air ratio measurement to ensure minimal toxins by the C
ontrolled equivalence
ratio method for the determination of hazardous components of fire effluents 
[50]
Patents and Intellectual property (IP): 
No patented or copyrighted materials have been used
for the design. All IP regarding functions of the design have passed the period of 20 years, for
which the utility patent does not apply. The Funnels is a unique design developed and created by
the team so no IP were used for the artistic part of the design.
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2.2 TESTING
The design is a design for safety. Thus, the design should be tested in various ways to ensure
maximum safety in all aspects. The design has to be prototyped and tested to ensure that it
performs its functions as described. The table below explains how the design will be be tested to
assure its credibility with respect to each of the important design objectives. It is recommended
that most of these tests are conducted in a secondary school lab to account for the service
environment and receive more accurate results.
Table 2 Objectives and Description of Corresponding Tests
OBJECTIVE TO BE
TESTED

DESCRIPTION OF TEST
Test: A survey with a sample size of 385 students*

Instructional

Procedure: 
A demonstration of the design should be presented at high schools. A
questionnaire would be filled out by the students after the demonstration that
evaluates their level of understanding and lets them express how instructional it
was. It is then extrapolated to represent data for schools across USA and Canada.
Result: 
The design should score at least a 60% positive feedback
Test: A survey with a sample size of 385 students*

Compelling
Procedure: 
A demonstration of the design should be presented at high schools
and students would take a survey. The survey would utilize scales, questions and
comparisons to the current Rainbow experiment based on the artistic aspect of the
design and the interest level of the experiment when conducted.
Result: 
The design should score at least a 60% positive feedback

Expedient

Test: 
Calculate average time taken by teachers from a sample size of 381 to set
up the experiment should be calculated to receive qualitative data.* Teachers
from a wide range of skill level should be selected to ensure accuracy. Feedback
should be sought on how difficult the setup was.

* Appendix B for further information
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2.3 PRELIMINARY IMPLEMENTATION REQUIREMENTS
The implementation of the design consists of the following steps:
1) 3D prototyping
of design followed by prototype with actual materials
2) The prototyping process will include performing a hazard review in conjunction with or
presided by relevant parties such as the American Safety Board, school boards, ACS, and
the Canadian Centre for Occupational Health and Safety.
3) Filing any necessary paperwork for activities such as applying for a patent, etc.
4) Receive approval on design from aforementioned parties, followed by the dissemination
of information as necessary to use the design.
5) Reaching out to all relevant parties such as the manufacturing companies and perhaps
even joining an incubator as an education technology company with the attempt to further
solve additional problems in the education industry.
6) Manufacturing of design through relevant companies in neighbouring cities across
Ontario and Northeastern USA as they serve as strategic logistics/operations locations,
being the Industrial Heartland and Rust/Steel Belt respectively [51][52][53][54]
7) Distribution of design either in the form of selling directly to schools or indirectly via
school boards. Schools will receive notice of mandatory need to purchase the product
from their respect school boards.
8) Setting up of the product in schools by teachers, which would require schools to procure
auxiliary equipment such as the crystalline salts, recipient dishes, and methanol.
9) The product will come with a training manual and all relevant educational material for
educators will be sent out beforehand to prepare them for this new setup.
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2.4 LIFE CYCLE ASSESSMENT AND ENVIRONMENTAL IMPACT

Figure 3  Life Cycle Analysis 
[51][52][55][56][57][58][59]
Appendix[H]
Negative impacts of the design are:
● Creation of greenhouse gases such as SO
, NO
, and CO.
2
2
● Consumption of natural resources such as sand, clay, and soda ash, etc. This has a natural
result of producing waste at least in terms of energy.
● Product of the design requires mining which may damage nearby ecology.
Positive effects or ways to mitigate the above effects are:
● All materials are fairly inexpensive to produce
● The product overall is fully recyclable [58] as glass is a 100% recyclable.
● Greener methodologies and practices have arisen in recent times to ensure higher
efficiency during the recycling processes for glass, cullet, concrete, steel, as well as
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bricks.[59][60][61][62][63]
2.5 HUMAN FACTORS
The design is essentially a design for safety. This means that it needs to account for human error
and minimize it as much as possible. The design is intended to be used by teachers only, to
ensure maximise safety. While the design is easy to use, teachers or instructors have to be trained
on its usage. Human error is accounted for while making the design, by allowing a margin of
20% error in addition of methanol
.
The design also has a standard carbon monoxide detector to
allow the demonstrator to be aware of the concentration of toxic fumes and thus exercise caution.
The design is easy to maintain. It has a removable lid and easy access for cleaning the
components. The design’s functions are intuitive to use. It contains warning labels to warn users
of the hazards of experimental chemistry. The design also contains instructions on usage, to
ensure easy usage and to convey the precautionary measures that should be taken while
performing the experiment.

Figure 4  Warning Label
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2.6 SOCIAL IMPACT
The purpose of this section is to outline the primary social impacts of the design on the target
user base and their society as a whole. This section will also illustrate how the design attempts to
reduce negative impacts and promote positive ones. There are several groups and organizations
that have interest in the design; chief among these are:
Table3Stakeholders and Respective Social Impact
Stakeholder

Interest

Impact

Students

Personal safety, enjoyment/entertainment
from the design, depth of learning experience.

Students may develop an interest in the
STEM fields as a result of exposure to
the design.

Teachers

Personal safety, safety of students, depth of
learning experience, ease of setup and use.

Teacher satisfaction may increase due
to the fulfilling impact of the design on
students. This could improve school
ratings and have a large positive impact
on the community.

Parents

Maximum safety of children and learning.

New enrollments may occur due to the
corresponding increase in parent
satisfaction.

Chemical boards
[33]

Concerns pertaining to chemical safety and
the prevention of accidents, such as ensuring
the use of controlled amounts of substances,
along with the prevention of direct contact
with an open flame.

The design meets the safety guidelines
and requirements of the relevant
regulatory bodies and this will inspire
further confidence in school authorities,
teachers and parents.

Environmental
Groups (NGOs)

Reusability, minimizing harmful impacts to
the environment caused by emission of NO
2.

The design attempts to allay these
concerns by reducing emissions as
outlined in the LCA.

Government of
Canada’s
ECCC*[64]

Disposal of product at the end of its lifecycle,
reducing emissions of harmful substances
such as NO
2.

*ECCC: Environment and Climate Change Canada

The design complies with the interests
of the ECCC by following the relevant
sections of the CanadaWide Action
Plan for Extended Producer
Responsibility [65] to minimize harmful
impact at the end of its lifecycle.

Engineering
Strategies and Practice

2.7 ECONOMICS
This section details the various potential costs incurred due to the design. It includes capital,
operating and external costs.
Table 4 Types of Costs, and Approximate Dollar Amount

Capital Costs [Appendix I]

[Approx] American Dollar Amount

Stainless Steel (304)

68.33

Refractory lightweight concrete

17.43

Pyroceram Glass

Variable, as it depends on companies.

Manufacturing

Cannot be estimated beforehand

Operating Costs

Dollar Amount

Methanol

2.32/use

Wooden Picks

8.80/1000 [66]

Heat

529873 [67]

External Costs

Dollar Amount

Release of CO to environment

N/A

The disposal costs for the design are out of the scope of the project, as it is not handled by
the client.
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3.0 PROJECT MANAGEMENT PLAN
The team met the client for the third meeting on March 18, 2016, to discuss the CDS and obtain
feedback on the document. The client gave valuable feedback and approved our proposed design.
The client is invited to attend the final presentation given by the team on April 27th, at the
University of Toronto. The final presentation will outline the final design in detail, our
recommendations, and explain the process that the team underwent to reach that conclusion. We
hope to see him there.

4.0 CONCLUSION
The current procedure employs methanol, a highly flammable solvent, in a manner that is liable
to cause flash fires. This procedure is therefore unsafe and must be redesigned. The design must
allow teachers to convey the underlying concepts to students, as per the functions, objectives and
constraints. The team elaborated on the proposed designs’ mechanisms and components, and
resolved any outstanding decisions. The team also determined the social and economic impact
that the design could have on the various stakeholder groups, as well as the environmental
impact it could have.
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APPENDICES
APPENDIX A:
The purpose of this appendix is to detail the procedure of the original experiment that the team
seeks to redesign. This procedure can vary greatly across classrooms, schools, localities, and
municipalities, so there is no one ‘standard’ procedure that applies. However, a common
procedure can be outlined as follows [68]:
1. Prepare samples of crystals containing specific elements e.g. Copper, Iron, Calcium, etc.
in small lab dishes.
2. Add methanol to act as accelerant
3. Ignite the solution
4. Observe colour of flame
5. Add methanol 
carefully
, if needed to increase flame size
Note: Recommended safety guidelines for this procedure include the use of a fume hood. This
experiment was originally intended to be a teacher demonstration with no student participation;
the team intends to maintain this in the Final Design.
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APPENDIX B:
This section will expand on the details of the FluidSurvey estimates for sample sizes used for
determining objective goals. It is to be noted that there is a scarcity of readily available literature
pertinent to this experiment and to the metrics of a potential alternative design. Accordingly, the
team has decided to provide metrics that can be implemented along with a potential design to
measure its realworld performance, rather than attempt to procure vague ballpark figures of
something as subjective as knowledge gleaned from or user satisfaction with the design.
For each estimate , the 
confidence level
, defined as “the probability that the samples results can
be inferred [based] on the survey’s population”[23] is set to the “industry standard”[23] of 95%.
This number may vary as surveys are carried out, and responses are received. Furthermore, the
margin of error
is set to the “survey industry standard”[23] of 5%. Populations for these
surveys were obtained from relevant literature [24][25].
DETAILS OF SURVEY RESULTS:
Due to the qualitative nature of the objectives, the tests for the design are created so as to provide
a quantitative value. To do this, the surveys use questionnaires that assign a numerical rating to
qualitative feedback. For example, to measure how instructional the design was, the
questionnaire would ask the respondent questions such as:
1. For how long did you pay attention to the demonstration from a score of 1 to 10?
2. How much do you think you learnt from it from a score of 1 to 10?
This allows each question to be answered with a percentage. The final score would then be
determined by taking the average of the scores given. The team decided that a reasonable score
that determines that the design succeeded is 60%.
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APPENDIX C: WEIGHT OF CYLINDER CALCULATIONS
The weight of the cylinder was approximated by finding the total volumes of each material and
using their respective densities.
The total volume of the cylinder is 0.17 cubic meters. With walls of concrete of thickness 2 cm,
the interior volume was found to be 0.15 cubic meters. The volume of required concrete was
calculated by taking the difference of both and removing the half made of glass. The volume of
required cement was 0.01565 cubic meters. This multiplied by the lightweight refractory cement
density (715 kg/m3) gives a mass of 11.1kg.
The area to be covered by the stainless steel plate (304) was to be calculated.
Area= 1.001㎡
A 1mm thick plate is used as the goal of the sheet is to permit easy cleaning in case of spill and
propagate the heat along sheet to avoid fractures within the concrete [69]. We thus find that we
need 0.001 cubic meters. This multiplied by the density, the total mass is found to be 8.01 kg.
The mass of the funnel shall not exceed 1 kg and we thus consider negligible.
The mass of the glass can be found by multiplying its total volume by its density. As volume of
=0.0016 cubic meters, we multiply it by the density (2.56 g/㎤) of the glass (Pyroceram) [70]
∴Mass= 4.3kg.
This comes to a total of total of 25 (+/ 5%) kg (the uncertainty is due to the water content in the
cement).
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APPENDIX D: CALCULATIONS OF FUNNEL MEASUREMENT
First we will begin by calculating the amount of methanol needed to perform the experiment.
This design includes 3 ellipsoids having 2 radii of equal length.
V = 43 × π × 52 × 3 = 157.08 cm 3
a
Now will be using 3 of these containers of which we will aim to fill at 80%, thus giving us the
total amount of methanol needed.
V methanol = 3 × 157.08 × 0.8 = 377cm3
Now knowing the density of methanol we can find the amounts of grams used in this experiment:
D methanol = 0.792 g × cm−3 which leads us to: m methanol = 377 × 0.792 = 298.56g [71]
From this we can find the amount of moles used in this experiment:
m methanol
N methanol = 32.04
=9.2559 mols 
[Appendix E]
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APPENDIX E:

Figure 5Periodic Table of Elements 
[72]
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APPENDIX F: METHANOL AND AIR FLOW CONTROL
The methanol will flow from one recipient to another without displacing the crystals due to its low density
and insolubility with the crystals. A tube will guide the methanol to the first recipient, which will
gradually fill. When the recipient reaches 80% completeness, the methanol will reach an opening on its
opposite side where it will continue to flow towards the next receptacle.

Figure 6  Controlling Methanol with Recipients

The airflow shall be assured by an opening near the bottom of the container. There will be an
external valve so that the airflow may be controlled. This part is removable from the system. The
input will not create a significant augmentation in pressure and the movement of air will assure
full combustion.
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APPENDIX G: HOLDING CONTAINER MECHANISM

Figure 7  Holding Container Schematic
To address the hazard of uncontrolled combustion due to excess methanol in the Rainbow
experiment, the design has a preliminary holding container at the top to limit the amount of
methanol distributed through the system. To facilitate easier pouring, the holding container is
cone shaped with an opening diameter of 10 cm and a height of 11 cm [73]. The container is
directly connected to the funnel system, and is closed off by a separator. There is a fill line at the
10.4 cm mark that indicates the required amount of methanol needed to fill the three recipients
and achieve optimal combustion of the salt solutions. With a 5.75% error margin, the recipients
can accommodate any excess methanol, should it be poured passed the fill line. Once the fill line
is reached, the separator is pulled to distribute the methanol into the recipients via funnel system
to which the system will be screwed.
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APPENDIX H: LIFE CYCLE ASSESSMENT BREAKDOWN
Table 5 Materials, Origin and Impact
Materials or
Products

Originating Process in the Lifecycle

Positive Impact

Negative Impact

Pyroceram
Glass

Pyroceram Glass Sheets will be made from
molding the combination of sand, lime, potash,
and soda ash.
Used to coat liquified concrete  then cooled and
reheated so as to be cut, moulded, and lined to
finally be made into the scientific apparatus for
our Rainbow Flame experiment.[56]

This is used due to its
heatresistivity.

Greenhouse gases (NO
,
2
CO
, and SO
) will be
2
2
byproducts during this
production process.

Refractory
Lightweight
Concrete

Refractory lightweight concrete is made from
mixing and heating of firebrick grog gravel,
calcium aluminate cement, hydrated lime, and
water. It will then be molded and used as lining
between the upper and lowermost parts of the
apparatus, thus separating the lit methanol from
the excess methanol thereby preventing a fire
hazard.[57]

This is used due to its
insulating properties,
thereby acting as a
protective membrane
between the flame and
bottommost layer
where the methanol
will be collected.

Greenhouse gases (NO
,
2
CO
, and SO
) will be
2
2
byproducts during this
production process.

Stainless
Steel

Stainless Steel will be made by melting,
continuous casting, and hot to cold rolling of 4
raw materials  molybdenum, chromium,
ferrochrome, and nickel. Afterwards, it will be
molded and used as lining for the inner walls of
the apparatus as well as for the tubing that will
receive the methanol as it’s being poured.[58]

This is used due to its
heat conductivity,
which would prevent
the tube from melting
as it becomes ignited.

Greenhouse gases (NO
,
2
CO
,
and
SO
)
will
be
2
2
byproducts during this
production process.
The mining process could
also lead to a loss of sea
and/or landbased habitation.
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APPENDIX I: COST JUSTIFICATIONS
The approximation of cost was done by finding examples of the raw material used on the market
and using this price as an indicator.
The area of steel necessary is about 1.001 square meters. A 2 square meter, 1mm thick plate
would cost about 128. 5 USD (excluding tax), thus for the needed surface we find a price of
68.33USD. [74]
We then found that the price of a light weight refractory cement with density of 715 kilos per
cubic meter was 42.8 dollars per 18 kilo bag [75]. We thus added 50% of that mass in water and
found that the total weight was 27 kilos of cement. Knowing that we were only using 11.1 kilos,
we found that the price would be 17.43 USD.
The price of the glass piece was approximated by calling a company that produces different glass
products and asking them for a quote. For now, we wait for an approximation. [76]
The methanol cost was approximated by finding what the price was on the market and adjusting
it to the specific volume we need (377 cm cubic, 377 ml). We found that if the 200L container
was bought, the cost would be 2.2 dollars per use. [77]
Finally, we will note that the price would be cheaper if these materials were bought in very large
quantities.

