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EDIBLE ELECTRODES TEACHER LESSON PLAN

Background Information
Situation
This drop-in lesson is intended for late-elementary through high school (see below for suggested
modifications for different age groups). It may be used to complement a unit on chemistry, as well as to
provide a deeper understanding of how chemistry plays an instrumental role in welding.

Estimated Time
Two 45-minute class periods

Objectives
Upon completion of this lesson, students will be able to do the following:
 List main elements present in a 6010, 7018, and Excalibur® 308 electrode***
 Explain the function of each chemical in its respective electrode
 Predict the effect of too much or too little of a given element in an electrode
 Explain why electrodes contain different elements
*** Three different electrode recipe cards are included with this lesson plan, but it would be acceptable
to have all students create the same type of electrode if that’s more suited to their age/maturity level.

Alignment with Standards
Next Generation Science Standards
 5-PS1-3: Make observations and measurements to identify materials based on their properties.
 MS-PS1-3: Gather and make sense of information to describe that synthetic materials come
from natural resources and impact society.
 HS-PS2-6: Communicate scientific and technical information about why the molecular-level
structure is important in the functioning of designed materials.

Common Core ELA Standards
 RI.5.7: Draw on information from multiple print or digital sources, demonstrating the ability to
locate an answer to a question quickly or to solve a problem efficiently
 W.5.9: Draw evidence from literary or informational texts to support analysis, reflection, and
research.
 RST.6-8.7: Integrate quantitative or technical information expressed in words in a text with a
version of that information expressed visually (e.g., in a flowchart, diagram, model, graph, or
table)
 RST.9-10.7: Translate quantitative or technical information expressed in words in a text into
visual form (e.g., a table or chart) and translate information expressed visually or
mathematically (e.g., in an equation) into words.

Copyright © 2013 Lincoln Global

EDIBLE ELECTRODES TEACHER LESSON PLAN

AWS EG2.0

 3.3.1 Module 1, Key Indicator 3: Follows verbal instructions to complete work assignments
 3.3.1 Module 1, Key Indicator 4: Follows written instructions to complete work assignments
 3.3.1 Module 3, Key Indicator 1: Interprets basic elements of a drawing or sketch

Materials
Handouts (Not all handouts may be needed. See notes in Modifications section for details.)
☐HO1
☐HO2
☐HO3
☐HO4

☐HO5 (A, B, and C)
☐HO6
☐Recipe cards:
6010, 7018, Excalibur® 308

Edible Materials
☐Pretzel sticks
☐Melted chocolate
☐Rice Crispies® or similar
puffed-rice cereal

☐Graham cracker crumbs
☐Red sprinkles
☐Oreo® or similar chocolate
cookie crumbs

☐Green sprinkles
☐Powdered sugar

Reference Materials
☐Dictionaries (one per group)
☐Copies of periodic table of elements (one per student)
☐Lincoln Electric Consumables Catalog (C1.10); available at lincolnelectric.com
☐Science textbook or other reference that lists physical and chemical characteristics of
elements. If text is not available, one good resource is
http://www.rsc.org/periodic-table. Offers an interactive periodic table.

Miscellaneous
☐Colored pencils
☐Spoons and containers for edible materials
☐Rubber or plastic gloves for adults handling food
☐Napkins or wet-naps for clean-up
☐Small paper plates or napkins for students to place edible electrodes on
☐Crock pot to warm melted chocolate

Modifications
For elementary students:
 Complete HO1 through HO3 as written
 Entire class creates same type of electrode
 Sketch electrodes, then work together as a class to complete selected HO5 review and analysis
questions as teacher deems appropriate
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For middle school students:
 Complete HO1 through HO5 as written
 If students’ maturity level dictates, entire class may create same type of electrode

For high school students:
 Complete HO1 through HO6 as written

To conduct the lesson as a combination of individual and group-work:
 Follow lesson plan as written.

To conduct the lesson entirely as group-work:
 Arrange students’ desks in pods of four prior to class.
 Print or write names of electrodes on slips of paper (6010, 7018, Excalibur® 308) and assign one
electrode to each pod by taping slip of paper to desk. Alternate electrodes so that there is a
mixture of all three types throughout the class OR all groups work with the same type of
electrode.
 Prior to beginning activity, divide students into groups of four, then assign each group member
one of the four roles mentioned later in the lesson plan (Recorder, Material Handler, Artist,
Spokesperson).
 After students have been placed into groups and seated at their pod, follow lesson plan as
written.
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Interest Approach (Motivation):
Distribute blank pieces of paper to class-one piece per student OR per group. Tell students that they will
record their work on the piece of paper.
Ask students to create “the best pizza in the world” by writing a description or list that includes ALL of
the ingredients that go into the pizza. If students cannot think of anything, get them started by
suggesting some common ingredients like cheese, tomato sauce, flour, etc.
Students may also sketch and label their pizza if desired.
After students have completed their lists, ask for some to share their answers and record on board as
examples.
Select one example and discuss what the outcome would be if some of the ingredients were left out, if
too much of an ingredient was added, etc. Students should draw the conclusion that the pizza would not
turn out well: it would taste bad, would be too greasy, soggy, etc.
Draw the parallel between a pizza recipe and an electrode: just as the pizza will not be good if the
ingredients are wrong, the electrode will not work if the ingredients are not correct.
If students need further explanation, ask them to name items from the classroom or their own lives that
include welded components.
Common answers could be school desks or chairs; components of cars, planes, tractors, etc.; structures
like bridges and skyscrapers.
Ask students to predict how these items would work differently or not at all if they were produced using
faulty electrodes.
Students should answer that the above items would fall apart, would look bad, would not be durable,
etc.
Instructional Directions / Materials
Pass out HO1: SMAW Electrode, or
have Material Handler retrieve if
students are already in groups.

Content Outline, Instructional Procedures, and/or Key
Questions
As a class, briefly review the vocabulary on the front of the
handout.

Vocabulary:

SMAW: Shielded metal arc welding. It is called “shielded”
because the arc is protected, or shielded, from the
atmosphere by protective gases that are produced by the
electrode coating or flux. SMAW is used to fuse, or weld,
two pieces of metal into one piece.
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Arc: The electric “stream” created between the electrode
and the base metal. The temperature of the arc is about
6,000°F, which is more than enough to melt metal. The arc
is very bright and very hot. It should NEVER be looked at
with the naked eye.
Base Metal: The metal that is being welded or fused.
During SMAW, the arc melts the base metal and digs into
it, just like the water from a garden hose digs into the dirt.
A certain amount of melted metal is needed to refill the
“hole” made by the arc. Any extra metal is known as
reinforcement.
Electrode: A coated metal rod that completes the
electrical circuit between the welding machine and the
base metal. An SMAW electrode consists of two parts: the
electrode wire (filler metal) and the electrode coating
(flux).
Electrode Wire (Filler Metal): A metal rod that makes up
the “inside” of the SMAW electrode. During the SMAW
process, metal droplets—made of the melted filler metal
from the electrode—dig into and melt the base metal. This
is called penetration. As soon as the molten metal cools,
the weld joint is fused together.
Electrode Coating (Flux): The flux is the coating on the
“outside” of the SMAW electrode. It has several functions:
it creates a protective gas that shields the arc from
contaminants in the surrounding air, produces a covering
called slag, and provides important physical and
mechanical properties to the weld.
Slag: Non-metallic solid material that becomes trapped
and floats to the surface of the weld during SMAW. After
welding, the slag is chipped off to make the weld look
better.

Have students color the flux and filler
wire with different colored pencils.

Ask students to locate the flux and filler wire on the figure.
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Give students a few moments to complete the BRAIN TEASER.
Answers to the BRAIN TEASER
Will vary, but students should conclude that weld might not
look good, might not be as strong, might break or crack, etc.
Pass out HO2: SMAW Electrode
Classification and HO3: SMAW
Electrode Characteristics table

Review the vocabulary as a class, then go over the electrode
classification system.
Vocabulary:

Tensile Strength: The ability of metal to resist a force that
is trying to pull it apart
Electrode Classification:

Give students a few minutes to complete the YOUR TURN
activity, then go over the answers.
Answers:
1. Tensile strength is 60,000 psi; all positions; rutile
sodium covering
2. Tensile strength is 60,000 psi; all positions; cellulose
and sodium covering
3. Tensile strength is 70,000 psi; all position; cellulose and
potassium covering
4. Tensile strength is 70,000 psi; flat and horizontal
position; rutile 50% iron powder covering.
HO3: SMAW Electrode
Characteristics Chart (students
should already have)

Ask students to use HO3 to generate list of the different
coatings used for the electrodes.
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Answers:
Coatings include cellulose, sodium, potassium, mineral, rutile,
lime-based, iron powder, and low-hydrogen.
Chemistry Application:
After list is complete, have students categorize list items as
elements or compounds.
Answers:
Sodium (Na), potassium (K), iron (Fe), and hydrogen (H) are
elements.
Cellulose is a compound (C 6 H 10 O 5 ); rutile is a compound (TiO 2 );
lime is a compound (CaO).
Ask students to predict WHY different
electrodes have different coatings.
Record their answers on the board, a
large piece of paper, etc. to be
revisited at end of activity.

Do the electrodes with similar
coverings (e.g., rutile versus cellulose)
share any common characteristics?
Record their answers on the board, a
large piece of paper, etc. to be
revisited at end of activity.

Ask students to examine Current Requirements, Position, and
Characteristics columns on HO3.
Answer:
Students should conclude that electrodes with different
coatings have may be used with different currents (DCEP, AC,
and/or DCEN) and have different characteristics. These
differences make the electrodes suitable for different
applications.
Answer:
Students should note that electrodes with similar coatings
share some characteristics. For example, electrodes with
cellulose coatings are characterized by deep penetration into
the base metal. EXX28 and EXX24 electrodes are both coated
with 50% iron powder, and both are characterizes by high
deposition. Deposition is the amount of weld metal, or
material, that is deposited during welding.
Additional information:
Functions of additional elements are as follows:
Rutile: Creates a soft operating arc
Sodium: Acts as an AC stabilizer
Potassium: Acts as a DC stabilizer
Low-hydrogen: Prevents weld cracking
Mineral: High Increases deposition

Record their answers on the board, a
large piece of paper, etc. to be
revisited at end of activity.

Ask students to consider applications for which different
electrode characteristics might be useful. For example, welding
on thicker materials might require increased penetration,
whereas welding on more delicate materials would require less
penetration so as not to burn through the base metal.
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Record their answers on the board, a
large piece of paper, etc. to be
revisited at end of activity.

Ask students to predict how these applications might be
affected if certain elements were left out of or added
incorrectly (too much/too little) to the electrode. Students
should conclude that materials would not stick together, would
look bad, would break, etc.

Begin group activity if you have not
already done so.

For students who are younger or in need of more structure,
each student in the group may have one of the following jobs:

Break students into groups of four for
next phase of activity to avoid
confusion and excessive traffic.

Recorder: Records group’s answers on HO4
Material handler: Retrieves materials for group
Artist: Sketch elements and electrode
Spokesperson: Reports on group’s findings to the class
These instructions may be altered to suit your classroom and
students.

Ask Material Handlers to collect
electrode recipe cards, HO4, and
copies of periodic table of elements.
Material Handlers should also collect
science text or other reference to be
used to look up properties of
elements.
As a class, go over directions included
in HO4, then allow students to work
with their groups to complete.

Explain to students that they will work with their group to
identify, characterize, and sketch the elements in a predetermined electrode (one of the three electrodes listed on
recipe cards/HO5), after which they will get to create an edible
version of their electrode.
Alternate recipe cards so that there is a relatively even
distribution of groups working on 6010, 7018, and Excalibur®
308 electrodes, OR distribute copies of a single recipe card if
entire class is creating the same electrode.
Chemistry Application:
If students have recently learned about physical and chemical
properties of the elements, this is a good chance for them to
review.
Circulate the room as students work to make sure that all are
on task and making progress.
Answers to HO4
1. Answers will vary as follows:
6010; all positions; 60,000 psi
7018; all positions; 70,000 psi
Excalibur® 308; all positions; 30,000 psi
2. Answers will vary as follows:
Cellulose; sodium
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Hydrogen (low); 30% iron powder
Lime-based
Table 1 Answers:
For characteristics, answers will vary. A few examples are
below.
Cellulose: C 6 H 10 O 5 /162: Organic compound; formed from sugar
molecules
Rutile: TiO 2 : Reddish brown color; brittle
Nickel: Ni/28: Hard, silver-colored metal
Chromium: Cr/24: Hard, brittle, gray metal
Carbon: C/6: Forms include diamond and graphite.
Manganese: Mn/25: Brittle, hard metal
Silicon: Si/14: Solid; most commonly occurs as silicon dioxide
(sand).
Lime: CaO: White solid

When all groups have finished or
nearly finished HO4, introduce edible
electrode portion of activity.

Have Material Handlers retrieve
HO5A, B, and C. If all students are
creating the SAME electrode,
distribute only the relevant handout.

*Note: It would be best to have candy, etc. for edible
electrodes set up prior to class.*
Tell students that they will use their answers to HO4 to
complete part of HO5, so HO4 should remain out on their
desks, but in a spot where it won’t become stained with
chocolate or candy.
Go over directions for HO5. You may need to stress that the
directions for each handout are THE SAME, regardless of
whether it is HO5 A, B, or C.

Emphasize and repeat as much as
needed that students must sketch
their electrode BEFORE they eat it!
Explain and model procedure for
creating edible electrode.

Procedure for making edible electrodes:
1. Dip pretzel stick into melted chocolate. Alternatively,
you can use a spoon to spread melted chocolate onto
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Stress that the candies, cookies, etc.
correspond to the elements and
compounds in the various electrodes.
Remind the students to bring their
recipe cards with them when it is their
turn to create their edible electrode.

the pretzel stick to avoid cross-contamination.
2. Working quickly to finish before the chocolate hardens,
add the correct ingredients to the electrode. Be sure to
use the quantities specified on the electrode recipe
card.
3. Place the electrode onto a napkin or paper plate.
4. Remind students that they must sketch their electrode
before eating it.
5. After students have received their electrode, they must
return to their pod and begin HO5 with their group.
While groups wait their turn to make electrode, have them
write down the food item that corresponds to each element or
compound on their recipe card. This will keep the students
occupied and will avoid confusion.
Students must follow recipes on cards (can’t have extra
sprinkles, etc.) or electrodes “won’t work.” Refer to discussion
at beginning of class if students need reminded.
Call one group at a time to create their edible electrode.

Students work with group to
complete HO5.

Circulate the room to ensure that all are on task and making
progress.

After all groups are finished,
Spokespeople share answers with the
class. Recorders should correct and
revise the group’s answers as needed.

Lead “RoundRobin”1 in which students share answers to HO5 A
through C as a class.

If using HO6, wait to have this
discussion until after students have
completed HO6.

HO5A
Sketch:

During discussion, refer to students’
predictions and responses that you
recorded earlier in the lesson. Make
notes to indicate perceptions that
have been corrected or changed since
the beginning of the activity.

Answers

Answers will vary; ensure that students draw and label
all ingredients included in their electrode.
Short Answer: Answers will vary, but should be similar to
below.
1. Manganese is included because it adds strength to the
weld.
2. If too little manganese were added, the weld would not
have the required strength and might fail under
pressure.
3. A weld that is ductile is able to bend or otherwise
deform when subjected to stress. Ductility is a desired
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quality in a weld because it allows the weld to react to
stress by bending rather than breaking. A weld that is
not ductile may break under pressure.
4. Penetration is the depth to which the melted metal
from the arc digs into the vase metal. Applications that
use heavier material, like pipeline welding, would
require increased penetration.
5. It would be best NOT to use a cellulose-covered rod
when welding two very thin pieces of metal. Cellulose
increases penetration, which could cause the weld to
burn through the thin base metal.
6. Fluidity is the ability of the puddle to flow (like a liquid).
Too much fluidity can make out-of-position welding
difficult because gravity may cause the metal to flow
out of the weld joint before it is able to solidify.
Extended Response: Answers will vary, but should be similar to
below.
1. Ideal answer will mention that different electrodes are used
for different applications, ranging from welding of
decorative picture frames to welding bridges and
skyscrapers. The requirements of these applications vary
widely: e.g. a picture frame doesn’t need to be able to
support tons of weight, while a bridge support does, so it
makes no sense to use the same electrode for both items.
The compositions of the different electrodes impart the
required characteristics to the welds, like strength, ductility,
a good appearance, etc. If an item or structure is to fulfill its
purpose—whether it be to decorate someone’s home or to
support heavy vehicles every day—it needs to be fabricated
using an electrode that is specifically designed for that
purpose.
HO5B
1. Manganese is included because it adds strength to the
weld.
2. If too little manganese were added, the weld would not
have the required strength and might fail under
pressure.
3. A weld that is ductile is able to bend or otherwise
deform when subjected to stress. Ductility is a desired
quality in a weld because it allows the weld to react to
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stress by bending rather than breaking. A weld that is
not ductile may break under pressure.
4. Chromium reduces the occurrence of porosity in the
finished weld. If excess porosity is present, the
manufacturer should ensure that enough chromium is
being added to the electrode.
5. Cellulose increases penetration into the base metal.
Because 7018 lacks cellulose, it can be inferred that it is
not a deep-penetrating rod.
6. Fluidity is the ability of the puddle to flow (like a liquid).
Too much fluidity can make out-of-position welding
difficult because gravity may cause the metal to flow
out of the weld joint before it is able to solidify.
Extended Response: See answer for HO5A above.

If not using HO6, collect students’
work for evaluation.

HO5C
1. Manganese is included because it adds strength to the
weld.
2. If too little manganese were added, the weld would not
have the required strength and might fail under
pressure.
3. A weld that is ductile is able to bend or otherwise
deform when subjected to stress. Ductility is a desired
quality in a weld because it allows the weld to react to
stress by bending rather than breaking. A weld that is
not ductile may break under pressure.
4. Chromium reduces the occurrence of porosity in the
finished weld. If excess porosity is present, the
manufacturer should ensure that enough chromium is
being added to the electrode.
5. Cellulose increases penetration into the base metal.
Because 7018 lacks cellulose, it can be inferred that it is
not a deep-penetrating rod.
6. Fluidity is the ability of the puddle to flow (like a liquid).
Too much fluidity can make out-of-position welding
difficult because gravity may cause the metal to flow
out of the weld joint before it is able to solidify.
Extended Response: See answer for HO5A above.
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If using, distribute HO6 and go over
directions.

Circulate room as students work to ensure that all are on task
and making progress.

Allow students to complete with
groups, or have them complete on
their own for individual assessment.

Stress connection to discussion from beginning of class: Just like
a recipe, an electrode contains specific components that serve
specific functions and impart important characteristics.

If desired, discuss answers as class. If
not, collect students’ work for
evaluation.

Answers to HO6
1. Answers may vary, but should be similar to the following:
Manganese: Manganese should be included to provide
the required strength
Chromium: Finished appearance is important, so
chromium should be included to reduce porosity.
Silicon: Silicon increases fluidity. The welders prefer to
work with a more fluid puddle.
*Cellulose: Should not be included, as it increases
penetration. Increased penetration is not needed on
the very thin base metal being used.
2. Cellulose: Cellulose increases penetration into the base
metal, which the customer has specifically requested.
Manganese: Manganese should be included to provide the
required strength.
Carbon/Nickel: The weld must be able to deform slightly
without breaking, so either nickel or carbon is required to
add ductility in addition to strength. Nickel also increases
the strength of the weld at low temperatures.

Application:

Students create edible electrode and answer review/analysis
questions.

Closure / Summary:

Group discussion/”RoundRobin”1 of answers to HO5 and HO6
(if using) questions
If desired, allow elementary and middle school students to
create an electrode gallery by hanging up their HO5 sketches
after you have assessed their work and recorded their
performance.

Evaluation:

1. Students’ answers to review and analysis questions

1. Clowes, G. The Essential 5: A Starting Point for Kagan Cooperative Learning. San Clemente, CA: Kagan
Publishing. Kagan Online Magazine, Spring 2011. www.KaganOnline.com.
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Edible Electrodes Answer Key
HO1
Brain Teaser: Answers will vary, but students should conclude that both the physical and mechanical
properties of the weld will be compromised without protective gas. Examples include: weld may look
bad; may have porosity; may not be as strong; may break or crack.

HO2
Your Turn activity
1.
2.
3.
4.

Tensile strength is 60,000 psi; all positions; rutile sodium covering
Tensile strength is 60,000 psi; all positions; cellulose and sodium covering
Tensile strength is 70,000 psi; all position; cellulose and potassium covering
Tensile strength is 70,000 psi; flat and horizontal position; rutile 50% iron powder covering.

HO4
1. Answers will vary as follows:
6010; all positions; 60,000 psi
7018; all positions; 70,000 psi
Excalibur® 308; all positions except vertical down; 30,000 psi
2. Cellulose; sodium
Hydrogen (low); 30% iron powder
Table 1 For characteristics, answers will vary. A few examples are below.
Cellulose: C 6 H 10 O 5 /162: Organic compound; formed from sugar molecules
Rutile: TiO 2 : Reddish brown color; brittle
Nickel: Ni/28: Hard, silver-colored metal
Chromium: Cr/24: Hard, brittle, gray metal
Carbon: C/6: Forms include diamond and graphite.
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Manganese: Mn/25: Brittle, hard metal
Silicon: Si/14: Solid; most commonly occurs as silicon dioxide (sand).
Lime: CaO: White solid

HO5A
Sketch:
Answers will vary; ensure that students draw and label all ingredients included in their
electrode.
Short Answer: Answers will vary, but should be similar to below.
1. Manganese is included because it adds strength to the weld.
2. If too little manganese were added, the weld would not have the required strength and might
fail under pressure.
3. A weld that is ductile is able to bend or otherwise deform when subjected to stress. Ductility is a
desired quality in a weld because it allows the weld to react to stress by bending rather than
breaking. A weld that is not ductile may break under pressure.
4. Penetration is the depth to which the melted metal from the arc digs into the vase metal.
Applications that use heavier material, like pipeline welding, would require increased
penetration.
5. It would be best NOT to use a cellulose-covered rod when welding two very thin pieces of metal.
Cellulose increases penetration, which could cause the weld to burn through the thin base
metal.
6. Fluidity is the ability of the puddle to flow (like a liquid). Too much fluidity can make out-ofposition welding difficult because gravity may cause the metal to flow out of the weld joint
before it is able to solidify.
Extended Response: Answers will vary, but should be similar to below.
1. Ideal answer will mention that different electrodes are used for different applications, ranging from
welding of decorative picture frames to welding bridges and skyscrapers. The requirements of these
applications vary widely: e.g. a picture frame doesn’t need to be able to support tons of weight,
while a bridge support does, so it makes no sense to use the same electrode for both items. The
compositions of the different electrodes impart the required characteristics to the welds, like
strength, ductility, a good appearance, etc. If an item or structure is to fulfill its purpose—whether it
be to decorate someone’s home or to support heavy vehicles every day—it needs to be fabricated
using an electrode that is specifically designed for that purpose.

HO5B
1. Manganese is included because it adds strength to the weld.
2. If too little manganese were added, the weld would not have the required strength and might
fail under pressure.
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3. A weld that is ductile is able to bend or otherwise deform when subjected to stress. Ductility is a
desired quality in a weld because it allows the weld to react to stress by bending rather than
breaking. A weld that is not ductile may break under pressure.
4. Chromium reduces the occurrence of porosity in the finished weld. If excess porosity is present,
the manufacturer should ensure that enough chromium is being added to the electrode.
5. Cellulose increases penetration into the base metal. Because 7018 lacks cellulose, it can be
inferred that it is not a deep-penetrating rod.
6. Fluidity is the ability of the puddle to flow (like a liquid). Too much fluidity can make out-ofposition welding difficult because gravity may cause the metal to flow out of the weld joint
before it is able to solidify.
Extended Response: See answer for HO5A above.

HO5C
1. Manganese is included because it adds strength to the weld.
2. If too little manganese were added, the weld would not have the required strength and might
fail under pressure.
3. A weld that is ductile is able to bend or otherwise deform when subjected to stress. Ductility is a
desired quality in a weld because it allows the weld to react to stress by bending rather than
breaking. A weld that is not ductile may break under pressure.
4. Chromium reduces the occurrence of porosity in the finished weld. If excess porosity is present,
the manufacturer should ensure that enough chromium is being added to the electrode.
5. Cellulose increases penetration into the base metal. Because 7018 lacks cellulose, it can be
inferred that it is not a deep-penetrating rod.
6. Fluidity is the ability of the puddle to flow (like a liquid). Too much fluidity can make out-ofposition welding difficult because gravity may cause the metal to flow out of the weld joint
before it is able to solidify.
Extended Response: See answer for HO5A above.

HO6
1. Answers may vary, but should be similar to the following:
Manganese: Manganese should be included to provide the required strength
Chromium: Finished appearance is important, so chromium should be included to reduce
porosity.
Silicon: Silicon increases fluidity. The welders prefer to work with a more fluid puddle.
*Cellulose: Should not be included, as it increases penetration. Increased penetration is not
needed on the very thin base metal being used.
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2. Cellulose: Cellulose increases penetration into the base metal, which the customer has specifically
requested.
Manganese: Manganese should be included to provide the required strength.
Carbon/Nickel: The weld must be able to deform slightly without breaking, so either nickel or
carbon is required to add ductility in addition to strength. Nickel also increases the strength of the
weld at low temperatures.
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HANDOUT 1: SMAW ELECTRODE VOCABULARY
Name:
Date:
Directions: Examine the figure below, then review the vocabulary. Keep this handout for future
reference.

Vocabulary:

SMAW: Shielded metal arc welding. It is called “shielded” because the arc is protected, or
shielded, from the atmosphere by protective gases that are produced by the electrode coating
or flux. SMAW is used to fuse, or weld, two pieces of metal into one piece.
Arc: The electric “stream” created between the electrode and the base metal. The temperature
of the arc is about 6,000°F, which is more than enough to melt metal. The arc is very bright and
very hot. It should NEVER be looked at with the naked eye.
Base Metal: The metal that is being welded or fused. During SMAW, the arc melts the base
metal and digs into it, just like the water from a garden hose digs into the dirt. A certain amount
of melted metal is needed to refill the “hole” made by the arc. Any extra metal is known as
reinforcement.
Electrode: A coated metal rod that completes the electrical circuit between the welding
machine and the base metal. An SMAW electrode consists of two parts: the electrode wire
(filler metal) and the electrode coating (flux).
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Electrode Wire (Filler Metal): A metal rod that makes up the “inside” of the SMAW electrode.
During the SMAW process, metal droplets—made of the melted filler metal from the
electrode—dig into and melt the base metal. This is called penetration. As soon as the molten
metal cools, the weld joint is fused together.
Electrode Coating (Flux): The flux is the coating on the “outside” of the SMAW electrode. It has
several functions: it creates a protective gas that shields the arc from contaminants in the
surrounding air, produces a covering called slag, and provides important physical and
mechanical properties to the weld.
Slag: Non-metallic solid material that becomes trapped and floats to the surface of the weld
during SMAW. After welding, the slag is chipped off to make the weld look better.

The flux shields the arc from contaminants in the surrounding
air. In the space below, predict the effect(s) on the weld of
exposure to contaminants. Consider both physical and
mechanical properties.
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HANDOUT 2: SMAW ELECTRODE CLASSIFICATION
Name:

Date:

Directions: Read the below information. Keep this handout for future reference.
Vocabulary:

Tensile Strength: The ability of metal to resist a force that is trying to pull it apart
The first specification for mild steel covered electrodes, AWS A5.1, was written by the
American Welding Society (AWS) in 1940.
AWS classifications of mild and low alloy steel electrodes include two things:
• An “E” prefix, which means “electrode”
•

A four- or five-digit number.
o The first TWO digits in a four-digit number or the first THREE in a five-digit
number stand for the minimum required tensile strength as welded in
thousands of pounds per square inch. For example, 60 = 60,000 psi; 70 =
70,000 psi, and 100 = 100,000 psi.
o The next to the last digit indicates the welding position in which the
electrode is capable of making good welds: 1 = all positions (flat,
horizontal, vertical and overhead welds); 2 = all flat welds and horizontal
fillet welding.
o The last two digits tell what type current should be used and the type of
covering on the electrode.
o More designators can be added to the numbering system to show any
extra testing the electrode manufacturer has done.

See the back of this sheet for an example of SMAW electrode
classification.
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Welding position: 1 = all position, 2=flat and horizontal
“E” for electrode

E70XX-H4R
Minimum required
tensile strength is 70,000 psi

Type of current and covering

H4R indicates that the electrode has been tested for
hydrogen and absorbed moisture. These tests are
optional.
YOUR TURN:
List the minimum required tensile strength, welding position, type of and
type of current following electrodes. Use HO3 to determine the electrode
covering.

1. E6013

2. E6010

3. E7011

4. E7024
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HANDOUT 3: SMAW Electrode Characteristics
Name:
Directions: Use the table as a reference.

AWS
Class

Coating

EXX 10

Cellulose
Sodium

EXX 11

Cellulose
Potassium

EXX22

Rutile
Sodium

Current
Requirements

Date:

Position

Characteristics

DCEP

All

Deep Penetration,
With Ripples

AC, DCEP

All

Deep Penetration,
With Ripples

DCEN, AC

Flat Decking
Flat, Horiz. Fillet

With Ripples

EXX 24

Rutile
50% Iron Powder AC, DCEP, DCEN Flat, Horiz. Fillet

EXX 27

Mineral
50% Iron Powder AC,DCEP, DCEN

EXX 18

Low-Hydrogen
30% Iron Powder

High Deposition

Flat, Horiz. Fillet

Shallow Penetration

DCEP, AC

All

Medium Penetration

EXX 28

Low-Hydrogen
50% Iron Powder

AC, DCEP

Flat, Horiz. Fillet

High Deposition

E308-XX

Lime-based

DCEP

All

Fast freezing
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HANDOUT 4: INVESTIGATING THE ELEMENTS
Name:

Date:

Directions: Work with your group to complete worksheet, using the periodic table of
elements and your electrode recipe card as references.
1. My group’s electrode is

. It can be used in

has a minimum required tensile strength of

positions and
psi.

2. The main elements/ compounds used in my electrodes covering are

Table 1: List the chemical symbol and atomic mass for each of the electrode’s elements and
compounds in the left column. Use the right column to list some characteristics of the element
or compound.

Symbol/Mass

Characteristics
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HANDOUT 5A: BUILD YOUR OWN EDIBLE 6010 ELECTRODE

Name:

Date:

Directions: Use the space below to sketch your electrode BEFORE YOU
EAT IT. Use different colored pencils, crayons, etc. to label and color each
element.
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REVIEW AND ANALYSIS: SHORT ANSWER
1. Explain why manganese is included in the 6010 electrode’s covering.

2. Predict what might happen if the manufacturer added too little
manganese while making the electrode.

3. Carbon is added to the electrode covering to make the weld ductile.
Define ductile, then predict why ductility may be good quality for a weld
to have.

4. Cellulose increases penetration into the base metal. Define penetration,
then name an application in which increased penetration would be
desired.
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5. If you needed to weld two very thin pieces of metal, would it be best to
choose an electrode whose covering included cellulose? Why or why not?

6. Silicon increases the fluidity of the puddle. Define fluidity, then explain
why too much silicon might make it difficult to weld out-of position (e.g.
welding overhead).

EXTENDED RESPONSE
1. Why is it important to match the composition of the electrode with the
application? (HINT: Would you use the same electrode to weld a
decorative picture frame as you would a support beam for a bridge?)
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HANDOUT 5B: BUILD YOUR OWN EDIBLE 7018 ELECTRODE

Name:

Date:

Directions: Use the space below to sketch your electrode BEFORE YOU
EAT IT. Use different colored pencils, crayons, etc. to label and color each
element.
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REVIEW AND ANALYSIS: SHORT ANSWER
1. Explain why manganese is included in the 7018 electrode’s covering.

2. Predict what might happen if the manufacturer added too little
manganese while making the electrode.

3. Carbon is added to the electrode covering to make the weld ductile.
Define ductile, then predict why ductility may be good quality for a weld
to have.

4. Imagine that you are an electrode manufacturer. One of your customers
complains that they are experiencing porosity in their welds when using
your electrodes. Name the element that you need to inspect, then predict
the effect of porosity on the overall strength of your customer’s welds.
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5. The 7018 rod does not contain cellulose. What does this tell you about
the ability of 7018 to penetrate the base metal?

6. Silicon increases the fluidity of the puddle. Define fluidity, then explain
why too much silicon might make it difficult to weld out-of position (e.g.
welding overhead).

EXTENDED RESPONSE
1. Why is it important to match the composition of the electrode with the
application? (HINT: Would you use the same electrode to weld a
decorative picture frame as you would a support beam for a bridge?)
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HANDOUT 5C: BUILD YOUR OWN EDIBLE EXCALIBUR® 308 ELECTRODE

Name:

Date:

Directions: Use the space below to sketch your electrode BEFORE YOU
EAT IT. Use different colored pencils, crayons, etc. to label and color each
element.
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REVIEW AND ANALYSIS: SHORT ANSWER
1. Explain why manganese is included in the Excalibur® 308 electrode’s
covering.

2. Predict what might happen if the manufacturer added too little
manganese while making the electrode.

3. Nickel is added to the electrode covering to make the weld ductile.
Define ductile, then predict why ductility may be good quality for a weld
to have.

4. Imagine that you are an electrode manufacturer. One of your customers
complains that they are experiencing porosity in their welds when using
your electrodes. Name the element that you need to inspect, then predict
the effect of porosity on the overall strength of your customer’s welds.

Copyright © 2013 Lincoln Global

EDIBLE ELECTRODES HO5C

5. The Excalibur 308 does not contain cellulose. What does this tell you
about the ability of this electrode to penetrate the base metal?

6. Silicon increases the fluidity of the puddle. Define fluidity, then explain
why too much silicon might make it difficult to weld out-of position (e.g.
welding overhead).

EXTENDED RESPONSE
1. Why is it important to match the composition of the electrode with the
application? (HINT: Would you use the same electrode to weld a
decorative picture frame as you would a support beam for a bridge?)
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HANDOUT 6: YOU ARE THE ENGINEER

Name:

Date:

Directions: Imagine that you are a chemical engineer at an electrode
manufacturing company. Read the requirements below, then list at least
THREE elements or compounds to create the electrode that fulfills the
requirements. For each element or compound, write at least ONE sentence
to explain why you’ve chosen it.
1. Your customer is a company that sells decorative frames made from thin
metal. They’ve asked you to develop an electrode that produces welds
that are very strong but that will not burn through the thin base metal.
The finished welds must have excellent appearance, with very little
porosity. They’ve also stated that their welders prefer to work with a
more fluid puddle.

2. Your customer is an oil company that needs to supply their pipeline
welders with new electrodes. They’ve specifically requested an electrode
that provides extra penetration into the base metal. In addition, the weld
needs to be as strong as possible, but it should be able to bend or deform
slightly under stress without cracking. Most of the welding will be done at
low temperatures
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6010 Red Rod Ingredients:

6010 Red Rod Ingredients:



3 tsp. manganese



3 tsp. manganese



2 tsp. cellulose



2 tsp. cellulose



1 tsp. silicon



1 tsp. silicon



1 tsp. carbon



1 tsp. carbon
Read below to learn about the job of each ingredient in the
electrode.

Read below to learn about the job of each ingredient in the
electrode.

Manganese: Adds strength to the weld.

Manganese: Adds strength to the weld.

Cellulose: Increases penetra on into the base metal.

Cellulose: Increases penetra on into the base metal.

Silicon: Adds strength to the weld. The more silicon, the more fluid the
puddle.

Silicon: Adds strength to the weld. The more silicon, the more fluid the
puddle.

Carbon: A very important element. Adds strength to the weld and makes it
duc le.

Carbon: A very important element. Adds strength to the weld and makes it
duc le.

7018 Excalibur Ingredients:

7018 Excalibur Ingredients:



3 tsp. manganese



3 tsp. manganese



2 tsp. silicon



2 tsp. silicon



1 tsp. carbon



1 tsp. carbon



1 tsp. chromium



1 tsp. chromium
®

Read below to learn about the job of each ingredient in the
electrode.

®

Read below to learn about the job of each ingredient in the
electrode.

Manganese: Adds strength to the weld.

Manganese: Adds strength to the weld.

Silicon: Adds strength to the weld. The more silicon, the more fluid the
puddle.

Silicon: Adds strength to the weld. The more silicon, the more fluid the
puddle.

Carbon: A very important element. Adds strength to the weld and makes it
duc le.

Carbon: A very important element. Adds strength to the weld and makes it
duc le.

Chromium: Reduces the chance of having porosity, or holes, in the finished
weld.

Chromium: Reduces the chance of having porosity, or holes, in the finished
weld.

Read below to learn about the job of each ingredient in the
electrode.

Read below to learn about the job of each ingredient in the
electrode.

Stainless Excalibur 308 Ingredients:

Stainless Excalibur 308 Ingredients:



1 tsp. manganese



1 tsp. manganese



1 tsp. silicon



1 tsp. silicon



3 tsp. chromium



3 tsp. chromium



2 tsp. nickel



2 tsp. nickel
®

Manganese: Adds strength to the weld.

®

Manganese: Adds strength to the weld.

Silicon: Adds strength to the weld. The more silicon, the more fluid the
puddle.

Silicon: Adds strength to the weld. The more silicon, the more fluid the
puddle.

Chromium: Removes oxygen from the weld. This reduces the chance of
having porosity, or holes, in the finished weld.

Chromium: Removes oxygen from the weld. This reduces the chance of
having porosity, or holes, in the finished weld.

Nickel: Increases the strength of the weld at low temperatures. Also increases
duc lity.

Nickel: Increases the strength of the weld at low temperatures. Also increases
duc lity.

