@ MAKING SOAP




“Water and oil don’t mix.”
Polar is immiscible with nonpolar




HOW IS SOAP MADE?

* Soaps are made by a chemical reaction between
fats/oils and sodium hydroxide (“lye”).

e Chemical Reaction:
Fat or Oil + NaOH — Soap

Hydrophobic + Hydrophilic > amphiphilic

O Because soap 1s made by
this reaction, the reaction
1s sometimes called
“saponification”

https://www.youtube.com/watch?v=FuulZCgb5byg



https://www.youtube.com/watch?v=Fuu1ZCg5byg

SOAP — INGREDIENTS

Oil or Fats - Almost any natural oil or animal fat can be
turned into soap.

Lye (NaOH - Sodium Hydroxide) - The ingredient that
converts the oil or fat to soap.

Water - Preferably distilled water or bottled water.
Minerals in hard tap water aren't good for
soapmaking.

Essential and Fragrance Oils - These are not required,
but can add a nice fragrance to your soap.

Soap Colorants — To color the soap.

Other additives - Oatmeal, spices, herbs etc. can also be
added to add texture or for exfoliation.




THE STRUCTURE OF SOAP

You start with a fat
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They have three A fat molecule (a.k.a. a triglyceride)

1dentical arms, which 1s
where the “tri1” comes
from

 The various fats & oils that can be used 1n
soapmaking all have this basic structure.
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TESTING SOAP: RECIPE A

Soap A

Contains: 75% Lard, 25% Coconut Qil
Hardness 54
Cleansing 18
Conditioning 39
Bubbly 18
Creamy 36

Soap A
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Contains: 75% Deer Tallow, 25% Coconut Cil




TESTING SOAP: RECIPE B

Soap B

Contains 75% Deer tallow, 20% Coconut Qil, 5% Myristic Acid

Hardness
Cleansing
Conditioning
Bubbly
Creamy

55
18
38
19
35

Soap 2
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Contains: 25% Deer Tallow, 55% Coconut Qil, 20% Olive Qil




TESTING SOAP: RECIPE C

GHT
Contains: 75% Lard, 25% Canaola Qil
Hardness 33 80
Cleansing 1
Conditioning 62 60
Bubbly 1
Cream 32 40
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Contains: 75% Lard, 25% Canola Oil




TESTING SOAP: RECIPE D

Soap D

Contains: 50% Deer Tallow, 50% Lard
Hardness 44
Cleansing 1
Conditioning 50
Bubbly 1
Creamy 43

Soap D

50

40

30

20

10

Hardness Cleansing Conditioning Bubbly

Contains: 50% Deer Tallow, 50% Lard

Creamy




TESTING SOAP: RECIPE E

Soap E
Contains 75% Deer Tallow, 20% Canola Oil, 5% Myristic Acid
Hardness 40
60
Cleansing 6
Conditioning 54
Bubbly 6 4b
Creamy 34
w
i
20
0
Hardness Cleansing Conditioning Bubbly Creamy
Contains 75% Deer Tallow, 20% Canola Oil, 5% Myristic Acid




TESTING SOAP: RECIPE F

Soap F

Contains 50% Deer Tallow, 35% Coconut Oil, 10% Castor Oil, 5% Myristic Acid

Hardness
Cleansing
Conditioning
Bubbly
Creamy

55
29
37
38
35

Soap F
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Contains 50% Deer Tallow, 35% Coconut Oil, 10% Castor Qil,...




HOW TO USE THE SOAP CALCULATOR

Leave type

of Lye on
NaOH,
Sodium

Hydroxide

About this calculator | Form fields How to update your browser's cache:
. *« PC: Control + F5
Detailed user enti + Mac: Command/Apple + R

For beginner info see instructions

Getting Started

= Tablet: Refresh
* About browser cache.

Typa of Lya IEI Weight of Dils IEI Water III

® NaoH ® pounds ® water as % of Oils Super Fat (5 B

O 1coH C ounces

[k o C;Gramg. ) Lye Coneentration I:I el Fragrance (0.5 oz/lb
E () Water : Lye Ratio I:I Amaunt I:I

Sl:llp Qualitias and D“S‘. Fats and Waxes

Recipe 1v| =2 Focioe | | Load Recipe

L Abyssinian Oil
F—H“!'—;'-::S Ay [Aimond Butter Recipe 0Oil List
Almond Oil, sweet ® O
Hardness III |:| Aloe Butter [ Add | [Remove # | | | 0% Ii:l
Cleansing o Andiroba Oil karaba,crabw
i Apricot Kernal il + =1
Condition 94 Argan Oil e
Avocado butter
RubOly III I:I Avocado Ol + - 3
Creamy 80 Babassu Oil
Iodine 98 Baobab Oil = &
Beaswax
- 5
INS |:| Black Cumin Seed O, nigei
Black Currant Seed Oil = B
; T B oil
taosis [ o |1 | NEemom0f e
Myristic  [4] E |:| Broceoli Seed Oil, Brassica ¢ 4
Falinffle. ] I:I ::::]a?fl:a Seed Ol )
: = 4
Stearic  [d] |:| Cameliia Oil, Tea Seed
Ricinoleic [i] E |:| Candelilla Wax 4 = 10
) Canola Ol
Oleic [4] [ 1 |canola oi. righ olsic + =11



http://www.soapcalc.net/calc/SoapCalcWP.asp
http://www.soapcalc.net/calc/SoapCalcWP.asp
http://www.soapcalc.net/calc/SoapCalcWP.asp
http://www.soapcalc.net/calc/SoapCalcWP.asp

1 |Type of Lya 2 | Welght of Dils 3 | Water 4

® NaOH O Pounds ® water as % of Dils 38 Super Fat |5 %
03 ) ounees
saia ® g Oyec | Y
rams trat
9006 KOH = Lye Concentration Fragrance |31 a/kg
g () Water ; Lye Ratlo Amount

Change Weight of Oils to 50 Grams
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Type of Lye

® NaoH

) kOH
[ so9 KoH

Walght of Dils

) Pourids
) Qunces
® Grams

50

Leave these things as they are

3

Water

® water as % of Dils

] Lye Concentratlon

) water : Lye Ratlo

Y

4

Fragrance

Armount

S

31

a/kg




ESUHF Qualities and IS, Fats and Waxes TRening 1v| | Save fecir | [ Load Recipe

Fatty Acids Japan Wax ipe Oil Li
ity Oone All Jatropha Oll, scapnut sea s Uik Ligk ® 0
) : .
Hardness [ ] fompatavaxt | (6] [ [Remee# ][] o g
Cleansing 1 Kokum Butter + - 1 |Coconut Qil, 76 dec 25
Condition 52 Fpangran Sl :
Kukui nut Ol + - 2 |Lard, Pig Tallow (M:| |75
Bubbly |:| Lanalin fiquid Wax
= Lard, Pig Tallow (Mantecz 3
41 .
RS Laurel Fruit Oil .
[odine a7 id
il fiam 5
NS
|:| Seed O, Luffa eylir
! M mia Nut Butter # =6
Lauric |:| M amia Mut il 2
3 ’ = =
Myristic i Mafura Butter, Trichilia en
¥ - |:| Mango Seed Butter PR
Palmitic [ ] |Mango Seed 0l
: Marula Oil +- 9
Ricinoleic [£][ 0 |[ | |MikFat any bovine + - 10
: Milk Thistle Oil
Dieic ] i e
Linoleic [ & ][] |Monoi de Tahisi o + - 12
: . Maringa il
nolenic [E][ o ][ ] Mciwesh Bl [
Murumuru Butter P
Sat : Unsat Mustard Oil, kachi ghani
Myristic Acid Totals:
NaDH SAP  KOH SAP | 7 | 1. Calculate Rd Reset All
0.141 0.198 2 Viewor Print B O ML.Iltip|E tabs T

Select your Fats from the List, Click the plus sign
and enter the % you want. The “One” column tells
you the properties of that fat/oil



Condition

Bubbly
Creamy
Iodine
INS
Lauric
Myristic
Palmitic
Stearic
Ricinoleic
Dleic
Linoleic
Linolenic
Sat : Unsat

| 62 || 42 |
1 18
41 || 34
57 || 45
138 | | 169
.1
28
13
0
46
6
0 0
95 . 4%

P P W PR LLER]

Click on “Calculate Recipe” to see the

properties of your soap

Kukul nut Oil + - 2 |Lard, Pig Tallow (M:| |75 37.5
Lanolin liguid Wax
Lard, Pig Tallow (Mantecs + = 3
Laurel Fruit Oil M
Lauric Acid
Linsaad Oil, flax 4+ = 5
Loofa Sead Ol, Luffa cyilt
Macadamia Mut Butter + = 6
Macadamia Nut Gil
Mafura Butter, Trichiiaen || * = °
Mango Seed Butter & B
Mango Seed Oil
Marula Oil + = 9
Meadowfoam Oil
Milk Fat, any bovine i LD
Milk Thistle Gil .
Mink Oil
Monol de Tahiti Ol + =
Maringa Oil
Mowrah Butter x
Murumuru Butter ire
Mustard Oill, kachi ghani
Myristic Acid Totals: 100 50
| Maatsfont Ol
MNaOH SAP  KOH SAP 7 || 1. Calculate Re Reset All
0.141]] 0.198] 5 View or PrintR| 0 Multiple tabs O



Condition

Bubbly
Creamy
Iodine
INS
Lauric
Myristic
Palmitic
Stearic
Ricinoleic
Dleic
Linoleic
Linolenic
Sat : Unsat

|
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55 : 4L

Click on “View/Print Recipe.” Keep your

recipe and don’t lose it!
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Kukui nut Oil + - 2 |Lard, Pig Tallow (M:| |75 37.5
Lanolin liguid Wax
Lard, Pig Tallow (Mantecs + = 3
Laurel Fruit Oil S
Lauric Acid
Linsaad Oil, flax 4+ = 5
Loofa Sead O, Luffa cyiit
Macadamia Mut Butter + = 6
Macadamia Nut Gil
Mafura Butter, Trichiliaen | * = 7
Mango Seed Butter & B
Mango Seed Oil
Marula Oil + = 8
Meadowfoam Oil
Milk Fat, any bovine i LD
Milk Thistle Gil + = 11
Mink il
Monol de Tahiti Ol + = 12
Maringa Oil
Mowrah Butter ¢ il
Murumuru Butter Are Yl
Mustard Oill, kachi ghani
Myristic Acid TﬂtﬂlS} 100 50
| Maatsfant Ol
NaOH SAF  KOH SAP 7|1 ate Re Reset All
0.141]] 0.198] 5 View or PrintR| O Multiple tabs O



soapCalc & Recipe Mame: MNew | INCI Names | print Recipe
Total cil weight 50 g Sat : Unsat Ratio 55 :45
Water as percent of oil weight 38.00 % Iodine 45
Super Fat/Discount S % INS 169
Lye Concentration 27.496 % Fragrance Ratio 31
Water : Lye Ratio 2.6369:1 Fragrance Weight 1.55 9
Pounds Ounces Grams
Water 0.042 0.67 19.00
Lye - NaOH 0.016 0.25 7.21
Qils 0.110 1.76 50.00
Fragrance 0.003 0.05 1.55
Soap weight before CP cure or HP cook I?l'---f 0.171 2.74 77.76
# |V | Oil/Fat Yo Pounds Ounces Grams
1 Coconut Qil, 76 deg 25.00 0.028 0.44 12.50
2 Lard, Pig Tallow Manteca 75.00 0.083 1.32 37.50
Totals 100.00 0.110 1.76 50.00
Soap Bar Quality Range Your Recipe Lauric 12
Hardness 29 - 54 51 Myristic &
Cleansing 12 - 22 18 Palmitic 23
Conditioning 44 - 69 42 Stearic 11
Bubbly 14 - 46 18 Ricinoleic 0
Creamy 16 - 48 34 Dleic 37
Iodine 41 - 70 45 Linoleic a3
INS 136 - 165 169 Linoclenic 0




THE FATS/OILS I HAVE AVAILABLE

Coconut O1l, 76

Canola O1l

Olive Oil

Castor Oil (max 10%)

Pig Lard

Deer Tallow (recommend at least 50%) OR
Beef Tallow (recommend at least 50%)
Myristic Acid (max 5%)



OUR PROCEDURE

1.

2.

a s w

Measure out the amount of distilled water into a 250 mL
glass beaker

Measure the amount of NaOH and dissolve into the water. It
will get hot. Label this “beaker A’

Use dixie cups to Measure the correct amounts of oils for
your recipes. Put them all into a 250 mL beaker. Melt them
if they are a solid. Label this “beaker B”

Recommendation: add Myristic Acid last if it is in your recipe.

. Slowly add Beaker A into Beaker B as you stir with a stirring

rod.

Mix quickly until saponification has completed as shown by
turning white and thick. You can use a stirring rod or your
may be able to use a blender or other mixing device.

Pour into a dixie cup/mold.

Let harden and cure for at least one week.

Test the soap. Record observations for texture, bubbles,
softness, pH, etc.

Decide if you want to make more bars with this recipe.



THINGS TO BE AWARE OF BEFORE MAKING SOAP:

LYK

Lye (NaOH) is a key ingredient in the
production of soap. Through a
chemical reaction it converts oils and
fats to what we know as soap. Lye is
in drain openers (Drano, etc.)
because it can clear clogs by
converting greasy buildups into
something that can be rinsed away.

Lye is a strong base and is corrosive. It
can burn you, blind you, and kill you if
ingested. Lye should be handled with
care, like you would handle drain
cleaner, bleach or pool chemicals.
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Working with lye:

Wear long gloves and goggles.

Be aware that your clothes can get wrecked if splashed with lye.

In making soap, you will have to mix lye and water. Never pour
water into lye. Always pour lye into water (s1 o0 w1 y). If you
pour water onto lye it can cause a violent reaction.

Always pour, stir, and handle lye gently, to avoid splashing and
spilling.

Always know where your lye is, to keep it from being mistaken for
something else (e.g., water, which i1s also used in soapmaking).

Have a “lye sink”, where stuff that contacted lye will be washed. Then
people will know not to use that sink except with gloves.

Wash utensils/bowls that came in contact with lye soon after using, so
1t will not be touched/used mistakenly by someone else.

Do not touch utensils/bowls from others’ areas or use clear liquids that
may not be yours. You may be unknowingly coming into contact with
lye!

Do not inhale lye fumes. Work outside or use a fume hood.




THINGS TO BE AWARE OF BEFORE MAKING SOAP:

TRACE

When mixing your fats with the lye-water mixture to make soap, it

1s important not to overmix or undermix. The trick is to STOP
mixing at the moment of “trace.”

Watch this video:

http://candleandsoap.about.com/od/coldprocesssoapmaking/g/glosstrace.
htm



http://candleandsoap.about.com/od/coldprocesssoapmaking/g/glosstrace.htm
http://candleandsoap.about.com/od/coldprocesssoapmaking/g/glosstrace.htm

OTHER MATERIALS

MOLDS:

A wooden or cardboard box lined with saran wrap

« Candy molds

« A PVC pipe capped on one end (spray the inside with
PAM, pour the solution into the pipe, let it set, and
then uncap and push out the soap).

» Silicone bakeware

 Lego!

* Yogurt containers, plastic containers, ice cream
containers, tupperware, pringles boxes, etc.

BLENDER:

* Soap can be stirred by hand, but can take a really long
time for the chemical reaction to happen

« Itis much easier to use a stick blender or actual
blender. It only takes seconds or minutes to reach
trace.



HISTORY OF SOAP MAKING - A
BRIEF OVERVIEW

OSoap may be the first chemical compound ever
synthesized by man!

02,800 B.C. — excavations reveal Babylonians were
making soap by boiling animal fat with ashes.

® Used to clean wool and cotton used in textile making
® Used for medicinal purposes

01550 B.C. — Egyptian writing reveals soap Egyptians
made soap by mixing animal and vegetable oils with
alkaline (base) salts

® Egyptians medical scrolls recommend a soap for skin
conditions



CHEMISTRY OF SOAP

OSoap molecules act like a diplomat,
1mproving the relationship between
water and oil.

O How?

® When soap 1s added to the water, the
hydrophilic (polar) heads of its
molecules stay in the water (they are
attracted to water),

®The long hydrophobic (nonpolar)
chains join the oil particles and
remain inwards (escaping from the
water).

OThis behavior forms a micelle.




MICELLES FORMATION
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Micelle

How Soap Works — Video

OWhen enougih soap 1s added to water the

soap molecules (sodium stearate) aggregate
1into micelles.

OMaicelles are colloid particles

OColloid particles stay suspended in solution
dule ‘EO collisions with other molecules in the
solution

OThe specific colloid formed is called an
Emulsion

® Emulsion: when the dispersin_gd solute (micelles)
1s In liquid form within a liquid solvent (water)

OWhen viewed under a microscope, colloids
are very jittery due to Brownian Motion

nonpolar  polar

Soap molecule: e

fatty acid
chain



https://science360.gov/obj/tkn-video/81074969-11e0-4a2e-b674-8fc8886fd9c3

MICELLES TO THE RESCUE

OThe micelles carry the oily dirt particles away from
the skin (or surface).

OThe water molecules hold the micelles in solution
and carry them down the drain!




DESCRIBE
WHAT IS

HAPPENING:

p ” Polar head
Soap molecules  « (pointing towards
,',r"'! ] ’ water)

IR | ' e
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" oily dirt)
Dirty Cloth *
Dirt

Dirtwithin
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Micelle

h Y G| S Dirtfree cloth




MICELLES TO THE RESCUE

OThe micelles carry the oily dirt particles away from
the skin (or surface).

OThe water molecules hold the micelles in solution
and carry them down the drain!




MICELLE FORMATION

OThe “colloidal
particles” are
micelles which
form immediately
when the soap
dissolves in
water.

OThis forms a
‘haze’

OIndividual
micelles are too
small to be seen
by the naked eye.

050-100 nm 1n size

._-‘

A FIGURE 12.19 A Colloid Soupy
wiler 15 an example of a collowdal
dhspersion. The haze 1s due to the
scattering of hight by the colloidal
pariicles.



MICELLE FORMATION

OYou can tell if a substance i1s a colloid if the
substance refracts light when shined into a colloidal
solution. This refraction is called the Tyndall Effect.

|

L

A FIGURE 12.24 Micelle Repulsions Micelles do not coalesce,
because the charged surface of one micelle repels the charged
A FIGURE 12.23 The Tyndall Effect When a light beam passes through a colloidal suspension (left). surface of another,

it is visible because the colloid particles scatter some of the light. The beam is not visible in pure

water (right}, nor would it be visible in a noncolloidal solution.



MICELLES FORM WHEN USING SOAP

OWhy?can’t water just clean everything? Why use
soap’
® Surface tension keeps water from easily spreading
aCross a surface

® Surface tension must be weakened in order to get water
to spread across an oily surface. Water is not attracted
to o1l because o1l 1s a nonpolar substance

OSoap can weaken surface tension because soap 1s a
suriactant

® Surfactant: SURface ACTive agents (they reduce surface
tension of water)

OSurfactants inhibit the intermolecular attractions
between water molecules, and this IMF attraction is
what causes strong surface tension in water.

OThe soap allows the water to flow more smoothly
which allow micelles spread across an oily surface to
collect grime to be washed away.



SOAP BREAKS SURFACE
TENSION

OSoap Breaking Surface Tension

OMarangoni Effect — Soap Powered
Boat



https://www.youtube.com/watch?v=03YmtX-lFkQ
https://www.youtube.com/watch?v=Gpcv9QT0KpA

WATER HARDNESS AFFECTS
MICELLES FORMATION

OWhat i1s water hardness?

® Water that has a lot of dissolved 10ns in it 1s considered
hard water.

® A common dissolved ionic compound in water is Calcium

Carbonate (CaCQO:s)
0O 0-60 mg/L CaCOs (Soft Water)
061-120 mg/L CaCO; (Moderately Hard)
0121-180 mg/LL CaCOs; (Hard Water)

OHow does hard water affect soap?

®The hydrophilic (polar) end of an individual soap
molecule 1s negatively charged. So what do you think
happens when using soap in hard water?

aaaaaN

Sodium stearate

A FIGURE 12,21 Structure of a Soap A soap molecule has
d charged ionic head and a long nonpolar hydrocarbon tail.



WATER HARDNESS AFFECTS
MICELLE FORMATION

O((JIN WATER) CaCO:(s) Ca2+(aq) +

0:2" (aq)

OMicelles will not form because the soap
molecule will no long be amphoteric, 1t will
become non-polar

O“Soap Scum” will form and the soap will not
clean properly.

Sodium stearate




SOAP SCUM:
CALCIUM IONS ATTACHED TO SOAP
MOLECULES




INDUSTRIAL APPLICATIONS FOR
POLYMER MICELLES

Hydrophilic

4 Hydrophobic
LI orug

Self-assembling Molecules
1 . micelles O 0
OA chemical delivery system for a @3 o

Hydrophobic core
(incorporating
_drug molecules)
Yy
_
f.‘

medication — polymers used to
create a “nanocapsule” SN
(University of Akron) oo SN T

(block copolymer)

OCreating multi-layered
micelles with polymers N
(University of Akron) o Fou 8T R wacstcas L, W, Cargoonan
HSOO OCH)H HOO"% ~NH, ﬂ;‘:ENQNN,:{ O
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NH, Chitosan

oy Core 7.311"'3;" Layer-by-layer
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INDUSTRIAL APPLICATIONS FOR
POLYMER MICELLES

OMany lotions and beauty products
contain chemicals that enhance the
effect of micelles.

OLubrizol Corporation makes
chemical additives that are placed
1into lotions which enhance the
effectiveness of micelles.

ODetergent companies have been
researching better methods of using
micelles for over 100 years.




CAN YOU DESCRIBE WHAT IS
HAPPENING IN THE IMAGES BELOW
USING PROPER CHEMISTRY TERMS?
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