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ABSTRACT: Carbide lanterns were once the preferred lighting source for mining operations and are still
utilized today in Artisanal and Small-scale Gold Mining (ASGM). These lanterns can be used to demonstrate
a wide variety of chemical principles. To this end, an activity was developed to highlight the chemistry of a
traditional carbide lamp used by miners. After a brief introduction to the lantern, students were challenged to
complete problems that integrate multiple concepts such as balancing equations, unit conversions, limiting
reactants, and thermochemistry. Although the activity as written serves as a review of General Chemistry I, the
use of these lanterns in ASGM provides an additional opportunity to introduce students to a topic that
encourages global engagement and cultural consideration. To make the activity accessible to a wide variety of
audiences, a video is provided demonstrating the operation of a carbide lantern and a brief introduction to

ASGM.

KEYWORDS: First-Year Undergraduate/General, Demonstrations, Interdisciplinary/Multidisciplinary, Environmental Chemistry,
Applications of Chemistry, Problem Solving/Decision Making, Calorimetry/Thermochemistry, Reactions, Lewis Structures

C alcium carbide reacts with water to produce flammable
acetylene gas and calcium hydroxide. This reaction is a
“fan-favorite” at chemistry demonstration shows, as the
acetylene gas is often ignited to produce a bright white flame
(Scheme 1). Numerous educational demonstrations harnessing
the explosive powers of acetylene generated in this fashion are
described in the literature.' ™

Scheme 1. Formation and Subsequent Combustion of
Acetylene Gas from Calcium Carbide

CaCys) + 2H,0() — > CzHa(g) + Ca(OH)2(s) (1)

2C5Hp(9) +502(9) — > 4C0Oz(g9) +2HO0(9)  (2)

These chemical reactions also provide the basis for carbide
lanterns, which are a 100-year-old technology still in use by
artisanal and small-scale gold miners in El Oro province,
Ecuador. When acetylene is produced by the controlled
addition of water to calcium carbide, as it is in the case of a
carbide lamp, the acetylene produced can be burned for hours.
A carbide lamp is divided into two chambers. The lower
chamber is reserved for pellets of calcium carbide, while the
upper chamber acts as a reserve for water. Upon turning a
screw on the water reserve, water slowly drips on the calcium
carbide. The resulting gaseous acetylene is forced through an
outlet and can be ignited. The light from the resulting flame is
then reflected using a polished, concave metal pan. Carbide
lamps will not burn in low oxygen environments, and so they
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also serve to warn miners of dangerously low oxygen
concentrations.

Herein, we present an activity using a carbide lantern that has
been coupled with an end-of-semester review session for
students in the last week of General Chemistry I. While a
physical demonstration of a carbide lamp is easily accomplished
and valuable to pique student interest in course material, it may
not be feasible for all institutions to purchase a carbide lamp or
the calcium carbide required to operate the lamp. For this
reason, an approximately 8 min YouTube video has been
provided to the reader for use in a lecture setting.”

B MATERIALS

To demonstrate a functioning carbide lantern, the following
materials are required.

e Carbide lamp: Carbide lamps are available from online
suppliers and used lamps are available on eBay. For this
activity, a Hercursa lantern was used.®

e Calcium Carbide: Mining grade calcium carbide is
available in bulk online.”

e Water: Deionized or distilled water is recommended to
prevent accumulation of metal salts.

e Matches
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B HAZARDS

Calcium carbide reacts rapidly with water to produce acetylene
gas, which is highly flammable. Follow the lamp manufacturer’s
instructions for safe operation. Powdered calcium carbide reacts
too rapidly with water for safe use in a lantern and should never
be used. A fire extinguisher (CO, or dry powder) should be
readily available when the lamp is lit. The calcium hydroxide
produced in the reaction is a strong base and should be
disposed of accordingly."’

B OVERVIEW OF THE ACTIVITY

Twenty students enrolled in the first semester of General
Chemistry attended the review session. Students worked
independently or in groups of 3—4, depending on the question
being worked on the corresponding worksheet (Supporting
Information).

Students were provided with a brief background on ASGM
practices and an overview of how to safely operate a carbide
lamp. Approximately S0 mL of water was added to the water
reservoir, and 6.5 g of CaC, was placed in the lower chamber.
The lamp was assembled, and the water valve was slowly
opened, dripping water on the calcium carbide. A lit match was
held in front of the lantern burner until the acetylene ignited.
The lights to the room were turned off, and the lantern was
used to illuminate various parts of the classroom. After
approximately 1 min, the lights were turned on, and students
were given an 8-question worksheet. Upon completion of each
question, students provided answers and discussed how they
approached each question.

When the flame went out, the water valve was closed. Upon
completion of the limiting reagent question on the worksheet,
students were asked to determine whether water would remain
in the top chamber. When students responded that the calcium
carbide was the limiting reagent and there was an excess of
water, the water chamber was inverted and the excess water was
drained into a sink. An inspection of the lower chamber
revealed that the calcium carbide was entirely consumed.

The final question on the worksheet asked students to
rationalize why miners might continue to use carbide lanterns
when newer technology is available. This question led to a brief
discussion of safety in ASGM and provided students with
insight on poverty-driven employment in developing nations.
The entire activity provided students with a review of key
concepts in general chemistry through questions examining a
carbide lamp and opened discussion that highlighted the
dangers associated with ASGM.

B RESULTS AND DISCUSSION

This activity was designed for a 75 min review session during
the last week of General Chemistry I; however, with student
questions about the course material, the session lasted
approximately 2 h. This activity was not designed to be an
exhaustive review of the course material, but rather to (1)
highlight key concepts covered during the semester' "'* and (2)
introduce students to Artisanal and Small-scale Gold Mining
(ASGM).

The production of acetylene gas from calcium carbide and
water, as well as the combustion of acetylene, can be used to
demonstrate numerous chemical and physical properties. The
design of the carbide lamp allows for a particularly effective
visual demonstration of limiting reagents. For this particular
activity, students were asked to apply their understanding of

States of matter

SI units and unit conversion

Dimensional analysis

Balancing reactions and predicting products
Stoichiometry and limiting reagents

Redox chemistry and combustion reactions

Enthalpy and specific heat

Properties of light

Lewis structures, VSEPR model, VBT and hybridization

Additionally, it is possible to use the carbide lamp to review
concepts related to acid—base chemistry, emission spectrosco-
py, and the ideal gas law among others. The work sheet
provided to students can be easily modified to stress any
number of key concepts in General Chemistry or Organic
Chemistry.

The worksheet was intentionally designed to cover course
material in a different order than had been done throughout the
semester. In addition, questions with multiple components
were written to combine concepts that may not have been
previously incorporated together. The first four questions
engaged students in balancing two chemical reactions, as well as
identifying products and reaction type. Students explored the
structures of reagents and products and were asked to
determine the hybridization and bond angles of the central
atom in each compound. Students then were tasked with
relating the structure of acetylene to the structure of the
acetylide anion (C,>”). Each group was also required to think
about why carrying around a tank of acetylene was less efficient
for a miner than solid calcium carbide to highlight practical
considerations about the states of matter. Throughout the
activity, it was important to relate the carbide lamp back to the
miners that used it.

Question S required students to determine the limiting
reagent for the experimental conditions provided at the
beginning of the activity. Upon successful completion of the
problem, the water chamber was opened and the excess water
was drained demonstrating that water was clearly in excess.
Additional components of this question asked students to
determine the amount of chemical reagents needed by a miner
for a full work day.

Question 6 challenged students to think about the type of
light produced by the acetylene flame and relate their
observations back to a visible spectroscopy laboratory
conducted during the semester. Question 7 was written to
have students think about the heat energy evolved over the
course of both reactions. Students were asked to assume that all
heat energy was transferred directly to the brass lantern and to
determine the increase in temperature of the lantern during
operation. Although this is very clearly not what happens, it
provides an opportunity for students to think about heat
transfer and sign conventions.

This activity also allowed for the introduction of students to
the area of Artisanal and Small-scale Gold Mining. ASGM
employs an estimated 16 million people in developing countries
throughout Asia, Africa, and South America."® Miners often use
mercury to separate gold and silver from gangue,'”'" and
recently, ASGM activities have been recognized by the United
Nations as being the largest contributor to mercury emissions
in air and water.'® In addition to the environmental damages
ASGM practices cause, artisanal and small-scale gold miners
often endure hazardous working conditions and heavy metal
intoxication in order to provide for themselves and their
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families."’~*° Although it is impractical to demonstrate many
aspects of ASGM in the lecture or laboratory, the chemistry
related to carbide lamps allows instructors to introduce
students to a global issue and provides real-world examples of
safety hazards and use of technology in developing nations.
This activity could facilitate social awareness in other chemistry
courses, particularly in a high school and nonmajor’s chemistry
course.

Through this connection to ASGM, students also see
practical applications of chemical concepts. Question 8 asks
students to consider reasons for the continued use of these
lanterns. This is supported by the previous question examining
thermochemistry, since heat production is one of the many
reasons miners continue to use these lanterns in an age of
battery-powered lanterns. These lamps not only provide an
inexpensive source of light, but have a built-in safety feature.
When the oxygen level decreases in a mine shaft, the flame is
extinguished, and miners know that they have limited time to
evacuate.

Students were asked for feedback about the value of this
activity as a review session for General Chemistry I. All students
that responded to the survey either strongly agreed or agreed
with the statement “I liked how all of the problems related to
the carbide lantern”. A majority of the students that responded
strongly agreed with the statements “I liked learning about the
practical applications of chemistry concepts” and “I liked
learning about ASGM and reviewing chemistry concepts in the
session”. Student open responses were positive and included
the statement “It was entertaining and held my attention
throughout the review”.

Although students liked the use of the lamp and the exposure
to ASGM, there were concerns about the use of this activity as a
review session for the final examination. One student directly
commented “I didn’t love having it as review for our final”, and
overall, students were neutral on the use of this topic as a
review session. However, over half of the student respondents
said that they would recommend this activity as a General
Chemistry review to other students. On the basis of this
teedback, this activity may be more beneficial as a structured
class activity than a final review.

B CONCLUSION

This activity provides a review of General Chemistry I concepts
and can be related to ASGM activities that affect environmental
and human health in developing nations. It provides numerous
examples of “real-world” chemistry and highlights the practical
application of foundational chemical concepts. The chemistry
involved in the operation of a miner’s carbide lamp can be used
to explore numerous concepts in the general chemistry
curriculum and is particularly effective demonstration of
limiting reactants in chemical reactions. Although the activity
presented here is particularly designed to explore concepts
relevant to first semester General Chemistry, the worksheet is
easily modified to incorporate concepts across the general
chemistry sequence.

B ASSOCIATED CONTENT
© Supporting Information

The Supporting Information is available on the ACS
Publications website at DOI: 10.1021/acs.jchemed.5b00604.

Student worksheet (PDF, DOCX)

B AUTHOR INFORMATION
Corresponding Author
*E-mail: kiefer am@mercer.edu.

Notes

The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

The authors thank Cohen L. Bickley and Jerome A. Gratigny
for assistance in preparing the video referenced in this
manuscript and Caryn S. Seney for helpful discussions related
to this activity. AM.K. acknowledges the Mercer on Mission
Program at Mercer University and private donors for financial
support.

B REFERENCES

(1) Summerlin, L. R; Ealy, J. L. Chemical Demonstrations: A
Sourcebook for Teachers, 2nd ed.; American Chemical Society:
Washington, DC, 1988; Vol. 1.

(2) Barondeau, M. Put a Little Kaboom in Your Classroom. J. Chem.
Educ. 1995, 72 (2), 176.

(3) Bent, H. A. Flames: A demonstration lecture for young students
and general audiences. J. Chem. Educ. 1986, 63 (2), 151.

(4) Fenster, A. E; Harpp, D. N,; Schwarcz, J. A. A versatile
demonstration with calcium carbide. J. Chem. Educ. 1987, 64 (5), 444.

(5) Cox, M. B. A Safe and Easy Classroom Demonstration of the
Generation of Acetylene Gas. J. Chem. Educ. 1994, 71 (3), 253.

(6) Hague, G. R. Getting a “bang” out of chemical kinetics. J. Chem.
Educ. 1983, 60 (4), 35S.

(7) Carbide Lantern Demo for General Chemistry - YouTube.
https://www.youtube.com/watch?v=z41hCsIBLnc&feature=youtu.be
(accessed Jul 20, 2015).

(8) Hercursa, Zaruma, El Oro, Ecuador. E-mail: hercursa@hotmail.
com, Telephone: 07 2973 314, Cellular: 0992140761.

(9) Calcium carbide pieces, thickness <10 mm, typically, technical
grade, ~80%, Sigma-Aldrich. http://www.sigmaaldrich.com/catalog/
product/aldrich/2702962lang=en&region=US (accessed Jun 30,
2015).

(10) Armour, M. Hazardous Laboratory Chemicals Disposal Guide, 3rd
ed.; Lewis Publishers: Boca Raton, FL, 2003.

(11) The first semester of general chemistry varies greatly from one
institution to another. For a frame of reference, this general chemistry
course used Burdge Chemistry (3rd edition) and covered chapters 1—
9 and 18.

(12) Burdge, J. Chemistry, 3rd ed.; McGraw Hill: New York, 2014.

(13) Seccatore, J.; Veiga, M.; Origliasso, C.; Marin, T.; De Tomi, G.
An estimation of the artisanal small-scale production of gold in the
world. Sci. Total Environ. 2014, 496, 662—667.

(14) Kiefer, A. M.; Drace, K.; Gottlieb, S.; Coursey, S.; Veiga, M. M.;
da Cruz Marrumbe, P. N.; Jose Chapo, M. A. Evaluation of mercury
content in amalgams from Munhena mine, Mozambique. J. Cleaner
Prod. 2014, 84, 783—785.

(15) Telmer, K. H.; Veiga, M. M. World emissions of mercury from
artisanal and small scale gold mining. In Mercury Fate and Transport in
the Global Atmosphere; Mason, R,, Pirrone, N., Eds.; Springer US: New
York, 2009; pp 131—172.

(16) UNEP. Global Mercury Assessment 2013: Sources, Emissions,
Releases and Environmental Transport; United Nations Environment
Program: Geneva, 2013.

(17) Risher, J; World Health Organization; United Nations
Environment Programme; International Labour Organisation; Inter-
Organization Programme for the Sound Management of Chemicals;
International Program on Chemical Safety. Elemental Mercury and
Inorganic Mercury Compounds: Human Health Aspects; World Health
Organization: Geneva, 2003.

(18) Eisler, R. Health risks of gold miners: a synoptic review. Environ.
Geochem. Health 2003, 25 (3), 325—345.

DOI: 10.1021/acs.jchemed.5b00604
J. Chem. Educ. XXXX, XXX, XXX—=XXX


http://pubs.acs.org
http://pubs.acs.org
http://pubs.acs.org/doi/abs/10.1021/acs.jchemed.5b00604
http://pubs.acs.org/doi/suppl/10.1021/acs.jchemed.5b00604/suppl_file/ed5b00604_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.jchemed.5b00604/suppl_file/ed5b00604_si_002.docx
mailto:kiefer_am@mercer.edu
https://www.youtube.com/watch?v=z41hCslBLnc&feature=youtu.be
mailto:hercursa@hotmail.com
mailto:hercursa@hotmail.com
http://www.sigmaaldrich.com/catalog/product/aldrich/270296?lang=en&region=US
http://www.sigmaaldrich.com/catalog/product/aldrich/270296?lang=en&region=US
http://dx.doi.org/10.1021/acs.jchemed.5b00604

Journal of Chemical Education

(19) Hylander, L. D. Gold and Amalgams: Environmental Pollution
and Health Effects; Elsevier: Burlington, MA, 2011.

(20) Gibb, H.; O’Leary, K. G. Mercury Exposure and Health Impacts
among Individuals in the Artisanal and Small-Scale Gold Mining
Community: A Comprehensive Review. Environ. Health Perspect. 2014,
122 (7), 667—672.

DOI: 10.1021/acs.jchemed.5b00604
J. Chem. Educ. XXXX, XXX, XXX—=XXX


http://dx.doi.org/10.1021/acs.jchemed.5b00604

