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ABSTRACT

it is represent that the purity of glycerol was enhanced from 74% to 96%.
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Chapter 1

Introduction

The global increase in biodiesel production has led to a marked increase in world glycerol
production. Glycerol is a by-product of biodiesel produced by Transesterification and is contained
in the glycerol phase together with many other materials such as soaps, remaining catalyst, water,
and esters formed during the process. The content of glycerol is approximately 30—60 wt. %.
Purification is required to transform crude glycerin to a usable state for existing or emerging uses.
In addition to glycerol, crude glycerol from biodiesel production using alkaline catalysts typically
comprises methanol, water, inorganic salts, salts of fatty acids and fatty acid esters -(typically
methyl esters, referred to as “FAME'T). Salts usually are sodium and/or potassium salts. Levels of
fatty acid salts and esters typically are from 5% to 50%. Levels of inorganic salts are from 1% to
5%. These levels typically are expressed together in terms of total cat-ion concentration, which

usually is from 0.2% to 5%. t

H,C —00C—R1 CH,—00C—R1 H,C — OH
_NaoH,

HC—00C—R2 + 3CHOH T=—= CH,~—00C——R2 +  HC—0OH

H,C—O00C——R3 CH,—00C—R3 H,C —OH

Triglyceride Methanol Fatty acid methy] esters Glycerol

Figure 1.1 Transesterification reaction.

The purity requirements for the emerging applications of glycerin vary, and are often
intermediate to the crude and refined grades previously established for the classical applications.
The glycerin produced in the transesterification of triglycerides reaction is a crude grade. Almost
all biodiesel production today involves homogeneous alkaline catalysts such as sodium methylate.
The transesterification of triglycerides with methanol generates a methyl-ester phase and a
glycerin phase. Impurities such as catalyst, soap, methanol and water are preferentially
concentrated in the glycerin phase. The glycerin phase is typically neutralized with acid and the
cationic component of the catalyst is incorporated as a salt.

Glycerol is an organic compound, also commonly called glycerin or glycerol. It is a

colorless, odorless, viscous liquid that is widely used in pharmaceutical formulations. Glycerol



has three hydrophilic hydroxyl groups that are responsible for its solubility in water and its
hygroscopic nature. The glycerol substructure is a central component of many lipids. Glycerol is

sweet-testing and of .low toxicity. It also is a by-product of the product of biodiesel via

Transesterification. The formula of glycerol was CH,OHCHOHCH,OH. =

OH

HOVK _OH

Glycerol

Figure 1.2 Structure of Glycerol el

Glycerol is used in nearly every industry. With dibasic acids, such as phathalic acid, it
reacts to make the important class of products known as alkyd resins, which are widely used as
coating and in paints. It is used in innumerable pharmaceutical and cosmetic preparations; it is an
ingredient of many tinctures, elixirs, cough medicines, and anesthetics; and it is a basic medium
for toothpaste. In foods, it is an important moistening agent for baked goods and is added to
candies and icing to prevent crystallization. It is used as a solvent and carrier for extracts and
flavoring agents and as a solvent for food colors. Many specialized lubrication problems have
been solved by using glycerin or glycerin mixtures. Many millions of pounds are used each year
to plasticize various materials. In foods and beverages, glycerol serves as a humectants, solvent
and sweetener, and may be help preserve foods. It is also used as filter in commercially prepared
low-fat foods, and as a thickening agent in liqueurs. Glycerol also serves as a way, along with
water, to preserve certain types of leaves. Glycerol is also used as a sugar substitute. In this
regard, it has approximately 27 calories per teaspoon and is 60% as sweet as sucrose. Although it
has about the same food energy as table sugar, it does not raise blood sugar levels, nor does it feed
the bacteria that form plaques and dental cavities. As a food additive, glycerol is also known as E
number E422. ¥ In nowadays glycerol can be usage in many industries, medical, pharmaceutical
and personal care applications mainly as a means of improving smoothness, providing lubrication
and as humectants. It found in cough syrups, elixirs and expectorants, hair care products, soaps
and water based personal lubricants. In this project the way to purify the glycerol from biodiesel
production by using 4 different types of concentrates acids were studies. The possibilities of this
experiment for apply to the industrial method, decrease production cost, procedure time, were

investigated.



Motivation

We are interested to make a purified glycerol from waste glycerol obtained as by-product

in biodiesel production process. As an increasing of biodiesel production, the amount of waste

glycerol as by-product is increased also. Most of waste glycerol has been discarded. The way to

value added the glycerin is using simple methods; acidification, extraction, precipitation and

decolorization. We are interested to find the answer why many research in the past mostly uses

concentrate H,SO, in acidification step and can we uses another type of concentrate acid.

Objective

To study, the way to purify the glycerol from biodiesel production by using 4

different types of concentrates acids.

2. To study, the possibilities of this experiment for apply to the industrial method.

3. To study, the way to gain the value of glycerol obtained as by-product from biodiesel
production process.

4. To study, the way to decrease production cost and time in the procedure in industries.

Scope of study

1. To prepare anci purify glycerol, in addition, the purification steps were also studied
for 2 steps as the evaporation of methanol and hexane extraction of residue lipid.

2. To perform experiment on the best condition to make the highest yield of pure
glycerol.

3. To perform the experiment on characteristic of glycerol gains from the experiment.

Expected results

1.
2.

To obtain purified glycerol with increased purity.
To gained information about the optimum type of concentrate acid to gain the highest
%yield and the highest purity with lowest time and cost required.

To archive the possible way to apply this experiment to industry or to business.



Chapter 2

Literature reviews and involve articles

2.1 Glycerol

2.1.1 Glycerol Categorization and Usages 1+l

As used in foods, glycerol is categorized by the American Dietetic Association as a
carbohydrate. The U.S. FDA carbohydrate designation includes all caloric macronutrients
excluding protein and fat. Glycerin has a caloric density similar to table sugar, but a lower
glycemic index and different metabolic pathway within the body, so some dietary advocates
accept glycerin as a sweetener compatible with low carbohydrate diets. In foods and beverages,
glycerol serves as a humectants, solvent and sweetener, and help preserve foods. It is also used as
filler in commercially prepared low-fat foods. As a sugar substitute, it has approximately 27
calories per teaspoon and is 60 percent as sweet as sucrose. Although it has about the same food
energy as table sugar, it does not raise blood sugar levels, nor does it feed the bacteria that form
plaques and cause dental cavities. As a food additive, glycerol is labeled as E number E422.
Glycerol is also used to manufacture mono- and di-glycerides for use as emulsifiers, as well as
poly-glycerol esters going into shortenings and margarine.

Glycerol is used in medical and pharmaceutical and personal care preparations, mainly as
a means of improving smoothness, providing lubrication and as humectants. For human
consumption, glycerol is classified by the U.S. FDA among the sugar alcohols as a caloric
macronutrient.

Glycerol was historically used as an anti-freeze for automotive applications before being
replaced by ethylene glycol, which has a lower freezing point. While, the minimum freezing point
of a glycerol-water mixture is higher than an ethylene-glycol mixture, glycerol is not toxic and is
being re-examined for use in automotive applications.

2.1.2 Physical Properties of Glycerol

The Physical Properties of Glycerol was shown in table 2.1. The Glycerol (or called
glycerin) is a colorless, odorless, viscous liquid with a sweet taste. It is completely soluble in
water and alcohol but it is slightly soluble in ether, ethyl acetate, and dioxane and insoluble in
hydrocarbons. Glycerol has useful solvent properties similar to those of water and simple aliphatic

alcohols because of its three-hydroxyl groups. Glycerol is a useful solvent for many solids, both



organic and inorganic which is particularly important for the preparation of pharmaceuticals. The
solubility of gases in glycerol, like other liquids is temperature and pressure dependent.

Glycerol is a trivalent alcohol. It melts at 17.8°C, boils with decomposition at 290°C, and
is miscible with water and ethanol. It is hygroscopic; i.e., it absorbs water from the air; this

property makes it valuable as a moistener in cosmetics.

PHYSICAL PROPERTIES MEASURING
Molecular weight 92.09
Melting point 18.17°C
Boiling point (760mm Hg) 290°C
Density (20°C) 1.261 g/cm3
Vapor pressure
at 50°C 0.0025 mm Hg
at 100°C 0.195 mm Hg
at 150°C 4.3 mm Hg
at 200°C 46 mm Hg
Refractive index 1.474
Surface tension at 20°C (100% glycerol) 63.4 dyne/cm
Compressibility (28.5°C) 2.1x10 MPa
Viscosity at 20°C (100% glycerol) 1499 c.p.
Specific heat at 26°C (99.94%glycerol) 0.5779 cal/gm
Heat of vaporization
at 55°C 21060 cal/mole
at 195°C 18170 cal/mole
Heat of formation 159.6 Kcal/gm mole
Heat of combustion 1662 KJ/mole
Heat of fusion 18.3 KJ/mole
Thermal conductivity 0.29 w/°K
Flash point 177°C
Fire point 204°C

Table 2.1 The physical properties of glycerol t




2.1.3 Chemical properties of glycerol o

Glycerol is a reactive molecule that undergoes all the usual reactions of alcohols. The two
terminal primary hydroxyl groups are more reactive than the internal secondary hydroxyl group.
Under neutral or alkaline conditions, glycerol can be heated to 250°C without formation of
acrolein.

Reactions with glycerol are therefore best carried out under alkaline or neutral conditions
at 180°C, Alkaline glycerol begins to dehydrate forming ether-linked polyglycerols. At room
temperature glycerol rapidly absorbs water. When dilute it is attacked by microorganism. On
oxidation, glycerol yields variety of product depending upon the reaction conditions. By the use of
mild oxidizing agent it is possible to oxidize only one hydroxyl group to yield Glyceraldehyde.
These compounds may be considered very simple aldose and simplest ketoses respectively and
mixture of two compounds obtained from glycerol as well as glyceraldehyde has been called
glycerose. Nitric acid converts glycerol to glyceric acid CH,CHCHOHCOOH melting at 134-
135°C when pure, but usually obtained as syrupy. Oily liquid soluble in water and alcohol, but it is
insoluble in ethers. Some industrially important reaction products of glycerol include: Mono-,di-
,and tri esters of inorganic and organic acids

Mono and diglycerides of fatty acids formed by transesterification of triglycerides (from
fats) Aliphatic and aromatic esters formed by reactions with alkylating agents respectively.
Polyglycerols formed by the intermolecular alienation of water with alkaline catalyst. Cyclic 1,2~
or 1,3-acetals or ketals formed by the reaction with aldehyde or ketons respectively.

2.1.4 Purification of Glycerol "

2.1.4.1 Glycerol Purification Method

Purification is required to transform crude glycerin to a usable state for existing or
emerging uses. The purity requirements for the emerging applications of glycerin vary, and are
often intermediate to the crude and refined grades previously established for the classical
applications. The salt content in crude glycerin, stemming from the use of homogeneous alkaline
catalysts, often ranges from 5 percent to 7 percent, which makes conventional techniques cost
intensive. This suggests that for future glycerin markets a new low-cost purification strategy may

be more cost-effective than conventional routes.



2.1.4.2 Simple purification method

Crude glycerol obtained as by-product from biodiesel production process can be purified
by simple purification method. This method compromise 3 main steps which consist of glycerol-
acidification, glycerol phase extraction and decolorization by adding an activated carbon.

Neutralization of basic salts in crude glycerol with acid results in three layers: (i) an upper
layer rich in fatty acids and fatty acid esters; (ii) a middle layer rich in glycerol; and (iii) a bottom
layer rich in salts. These layers are separated using standard equipment used for this purpose, e.g.,
a gravity settler or centrifuge. Preferably, the crude glycerol and acid are mixed and then the
mixture is passed directly into the separation equipment. A solution of sodium borohydride and
sodium hydroxide is combined with the glycerol layer to neutralize sulfuric acid and reduce
colored impurities. Residual water and methanol can be removed via standard evaporation
techniques, and borate salts and other solids removed by filtration. Optionally, the upper layer,
which typically contains fatty acid esters, fatty acids and glycerides, can be recycled to a biodiesel

process.
2.1.4.3 Distillation method

Distillation is the most commonly practiced method for purifying glycerin. The
advantages of the distillation process are well known. Namely, it is an established technology that
produces high-purity glycerin in high yield. However, the distillation of glycerin is an enérgy-
intensive process. Glycerin has a high heat capacity, which demands a high-energy input for

vaporization.

There are three possible reactions that may reduce the yield of glycerol in the distilled
glycerine:

(a) Polymerization of the glycerol at high pH (in excess NaOH and high temperature,
>2000C) to form polyglycerol (Garti et al., 1981; Ikuyaet al., 1990; Lutz et al., 1998), which
concentrates in the distilled bottom.

(b) Dehydration of the glycerol at low pH (Hedtke, 1996; Monick, 1960) to form acrolein
(bp. 520C), which is then lost in the cold trap.

(c) Moderate oxidation of the glycerol to formglycerose, a mixture of glyceraldehyde and

dihydroxyacetone (Jungermann, 1991; Monick, 1960).



However, by proper control of the pH of the crude glycerine, and the temperature and
pressure of distillation, these unwanted reactions can be minimized. Vacuum distillation was
used so that the glycerine distilled over at a lower temperature and pressure than would otherwise
have been necessary.

2.1.4.4 Ion-Exchange method

Classical ion-exchange techniques have long been applied to glycerin purification. It is an
attractive alternative to vacuum distillation for smaller capacity plants. The ion-exchange system
uses cation, anion and mixed bed exchangers to remove catalyst and other impurities. The
glycerol is first diluted with soft water to a 15 to 35 percent glycerol-to-water solution. The ion-
exchange is followed by vacuum distillation or flash drying. As a result, water removal often
results in a partially refined glycerol of 85 percent. However, the high salt content of glycerin
issued from biodiesel production makes classical ion-exchange uneconomical for this application.
Specifically, the chemical regeneration cost for the resins becomes exceedingly high when salt

contents approach the 5 percent- to 7 percent-range commonly found in the biodiesel industry.

2.2 Sulfuric acid

Sulfuric acid (alternative spelling sulphuric acid) is a strong mineral acid with the
molecular formula H,SO,. Its historical name is vitriol. The salts of sulfuric acid are called
sulfates. Sulfuric acid is soluble in water at all concentrations. Sulfuric acid has many
applications, and is a central substance in the chemical industry. Principal uses include lead-acid
batteries for cars and other vehicles, ore processing, fertilizer manufacturing, oil refining,

wastewater processing, and chemical synthesis.

Figure 2.1 Structure of sulfuric acid.
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Chapter 5

Conclusions and Suggestions

5.1 Conclusions

In this experiment is the study about the purification process of waste glycerol
obtained from biodiesel production of Royal Thai Naval Dockyard. The characteristic of waste
glycerol are brown color, high viscosity and strongly smell. The way to value added the glycerol
is using simple methods; acidification, extraction, precipitation and decolorization. The purity of
waste glycerol is about 74%. After passes the purification process, it is found that the purity of
glycerol has been increased from 74% to 89%-92%. The purified glycerol which is uses
concentrate. 98% H,SO, to acidify gave us the highest %purity, but it very similar to another
purified glycerol which is uses concentrates 37% HCI and concentrates HNO, to acidify. The
percent purity is 92%, 89% and 91% respectively. The purified glycerol which is uses
concentrates HNO, gave us the highest percent yield. From that information, it can be concluded
that concentrate HCI and concentrate HNO, can be used to acidify instead of concentrate 98%
H,SO,. Even if the purified glycerol with highest percent purity is obtained from the glycerol
acidified by concentrate 98% H,SO,.

An optimur.n ratio of weight of activated carbon added and weight of glycerol in
decolorization step is 1:5. With this level of %purity, it can be used to make soap and used to

reduce an amount of free fatty acid in palm oil.

5.2 Suggestions

From our experiment, this simple purification method is not recommended in the case of
purification process that uses acetic acid to acidify waste glycerol. Because an acetic acid is weak
acid, it required too much amount of acid used to acidified waste glycerol from pH 8 to pH 2.

More over it is required too much time and energy.
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Appendix-A

Experimental data

A.1 Data recorded

Table A.1 Crude glycerol + 98% H,SO,

pH
Added Start End Volume used (ml)
H,SO, 9 2 6
NaOH 2 7 30
Pure glycerin 92 ml
Table A.2 Crude glycerol + 35.7% HCL
pH
Added Start End Volume used (ml)
HCL 10 2 17
NaOH 2 7 230
Pure glycerin &9 ml
Table A.3 Crude glycerol + HNO,
pH
Added Start End Volume used (ml)
HNO, 10 2 13
NaOH 2 7 169
Pure glycerin 91 ml

42



43

Appendix-B

Glycerol [21]

B.1) What is Glycerin?

Glycerin (Glycerol) is a clear, odorless, viscous liquid with a naturally sweet taste. It is
derived from both natural and petrochemical feedstocks. Glycerin occurs in combined form
(triglycerides) in animal fats and vegetable oils and is obtained from these fats and oils during

transesterification, such as in biodiesel production.

Glycerin currently has over 1500 known uses in many different industries ranging from
foods, pharmaceuticals, and cosmetics (USP grade glycerin) to paints, coatings and other
industrial types of applications (technical grade glycerin). It continues to be one of the most

versatile and valuable byproducts created during biodiesel production.
B.2) Glycerin in Biodiesel

Glycerin naturally occurs during the biodiesel production process and is specifically
produced in the transesterification process. The glycerin produced at this stage is crude glycerin
and is about 80% pure still containing contaminants like soap, methanol and water. In order to
turn this crude glycerin into a usable state for existing or emerging uses, a purification process

must take place.

During this refinement process residual organic matter, water, salt, methanol, and odors

are removed.

There are many different types of glycerin grades ranging from crude glycerin to refined

glycerin (pharmaceutical grade).



44

Other names for glycerin:

« glycerol * 1,2,3-trihydroxypropane

» glycerine » glyceritol

* propane-1,2,3-triol » glycyl alcohol * 1,2,3-propanetriol
B.3) Crude Glycerol

Crude glycerol can be purified to use in products such as cosmetics,
pharmaceuticals, and a variety of food items. Purifacation of crude glycerol is a costly and energy
intensive procedure; therefore, glycerol intended for livestock consumption is normally not

purified.
B.4) Grade of glycerol
B.4.1) Crude Glycerol

Crude Glycerol contains a significant amount of methanol, water, soaps and salts.
Typically has a glycerol content of anywhere between 40 to 88%. Crude glycerol is a natural by-
product had produced during the biodiesel production process, specifically taking place during

transesterification.
B.4.2) Technical Grade Glycerol

Technical Grade Glycerol is a refined, high purity product that is water white with most
of its contaminants completely removed. Technical grade glycerol contains no methanol, soaps,
salts, and other matter. Biodiesel plants purchased from SRS Engineering, unlike many of our

competitor’s plants, produce technical grade glycerol right from the start.
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B.4.3) USP Grade Glycerol

USP Grade Glycerol is a pharmaceutical grade suitable for food, personal care, cosmetics,
pharmaceuticals and other specially applications. All of these products have met the US

Pharmacopeia specifications (USP 30).

B.4.3.1 What classifies glycerin as USP Grade?

To be called USP Grade Glycerin companies are closely regulated with regards to their
manufacturing facility, testing methods, inspections, distribution, and warehousing. True USP
Grade Glycerin follows strict rules and guidelines set forth by the FDA. The FDA requires that
all domestic companies distributing USP Grade Glycerin must be registered and listed unless they
qualify for exemption. The same appliesfor USP Glycerin originating from a
foreign manufacturing facility going to an importer in the states. In this instance, FDA compliance
by both parties is still a requirement.

FDA regulations also require systematic and complete record keeping by all USP glycerin
manufacturers. They must have supporting documentation at all times for every
shipment providing lot numbers and permits tracing back to the plant it was produced in.

USP Grade Glycerin assures buyers of the product's integrity which cannot be achieving
through physical and chemijcal testing alone. On the flip side, Technical Grade Glycerimis not
subject to such governmental regulatory control. Although produced by similiar processes,
Technical Grade Glycerin does not need to comply with USP and FCC requirements or FDA
regulations. This grade of glycerin only needs to conform to the specifications mutually agreed

upon by the buyer and seller.
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The differences between Crude Glycerin, Technical Grade Glycerin, and

USP Grade
Crude Technical Grade

Properties Glycerin Glycerin 99.7 -USP Grade Glycerin
Glycerol Content 40 - 88% 98.0 Min 99.70%
Ash 2.0% Max N/A N/A
Moisture Content N/A 2.0% Max 0.3% Max
Chlorides N/A 10 ppm Max 10 ppm Max
Color N/A 40 Max (Pt - Co) 10 Max. (APHA)
Specific Gravity N/A 1.262 (@25C) 1.2612 Min
Sulfate N/A N/A 20 ppm Max
Assay N/A N/A 99.0 - 101.0% (on dry basis)
Heavy Metals N/A 5 ppm Max 5 ppm Max
Chlorinated Compounds | N/A 30 ppm Max 30 ppm Max
Residue on Ignition N/A N/A 100 ppm Max
Fatty Acid & Ester N/A 1.00 Max 1.000 Max
Water 12.0% Max | 5.0% Max 0.5% Max
pH (10% Solution) 4.0-9.0 4.0-9.1 N/A
DEG and Related
Compounds N/A N/A Pass
Organic Volatile
Impurities N/A N/A Pass
Organic Residue 2.0% Max 2.0% Max N/A

Table B-1 Properties of Grade of Glycerol ]
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Appendix-C
Material Safety Data Sheet of Glycerol (MSDS) [23]

C.1) Product Identification

Synonyms: 1,2,3-propanetriol; glycerin; glycol alcohol; glycerol, anhydrous
CAS No.: 56-81-5

Molecular Weight: 92.10

Chemical Formula: C3H5(OH)3

Product Codes:

J.T. Baker: 2135, 2136, 2140, 2142, 2143, 2988, 4043, 5093, 72138, M778
Mallinckrodt: 0564, 5092, 5093, 5100

C.2) Composition/Information on Ingredients

Ingredient CAS No Percent Hazardous

Glycerin 56-81-5 90 - 100% Yes

Table C.1 Composition/Information on Ingredients

C.3) Hazards Identification

(tm)

Emergency Overview SAF-T-DATA " Ratings (Provided here for your convenience)
Health Rating: 2 - Moderate (Life)

Flammability Rating: 1 - Slight

Reactivity Rating: 0 - None

Contact Rating: 1 - Slight

Lab Protective Equip: GOGGLES; LAB COAT; VENT HOOD; PROPER GLOVES

Storage Color Code: Green (General Storage)

Potential Health Effects
Inhalation: Due to the low vapor pressure, inhalation of the vapors at room temperatures is
unlikely. Inhalation of mist may cause irritation of respiratory tract.

Ingestion: Low toxicity. May cause nausea, headache, diarrhea.




Skin Contact: May cause irritation.

Eye Contact: May cause irritation.

Chronic Exposure: May cause kidney injury.

Aggravation of Pre-existing Conditions: Persons with pre-existing skin disorders or eye
problems or impaired liver or kidney function may be more susceptible to the effects of the

substance
C.4) First Aid Measures

Inhalation: Remove to fresh air. Get medical attention for any breathing difficulty.

Ingestion: Induce vomiting immediately as directed by medical personnel. Never give anything
by mouth to an unconscious person. Get medical attention.

Skin Contact: Immediately flush skin with plenty of water for at least 15 minutes. Remove
contaminated clothing and shoes. Wash clothing before reuse. Thoroughly clean shoes before
reuse. Get medical attention if irritation develops.

Eye Contact: Immediately flush eyes with plenty of water for at least 15 minutes, lifting upper

and lower eyelids occasionally. Get medical attention if irritation persists
C.5) Fire Fighting Measures

Fire: Flash point: 199C (390F) CC

Autoignition temperature: 370C (698F)

Slight fire hazard when exposed to heat or flame. Slight fire hazard when exposed to heat or
flame.

Explosion: Above flash point, vapor-air mixtures may cause flash fire.

Fire Extinguishing Media: Use any means suitable for extinguishing surrounding fire. Water
spray may be used to extinguish surrounding fire and cool exposed containers. Water spray will
also reduce fume and irritant gases.

Special Information: In the event of a fire, wear full protective clothing and NIOSH-approved
self-contained breathing apparatus with full facepiece operated in the pressure demand or other

positive pressure mode.
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C.6) Accidental Release Measures

Ventilate area of leak or spill. Wear appropriate personal protective equipment as specified in
Section 8. Contain and recover liquid when possible. Collect liquid in an appropriate container or
absorb with an inert material (e. g., vermiculite, dry sand, earth), and place in a chemical waste

container. Do not use combustible materials, such as saw dust. Do not flush to sewer!
C.7) Handling and Storage

Keep in a tightly closed container, stored in a cool, dry, ventilated area. Protect against physical
damage. Isolate from incompatible substances. Containers of this material may be hazardous
when empty since they retain product residues (vapors, liquid); observe all warnings and

precautions listed for the product.
C.8) Exposure Controls/Personal Protection

Airborne Exposure Limits: For Glycerin Mist:

- OSHA Permissible Exposure Limit (PEL):Total Dust: 15 mg/m3 (TWA); Respirable Fraction: 5
mg/m3(TWA).

- ACGIH Threshold Limit Value (TLV): 10 mg/m3

Ventilation System:

A system of local and/or general exhaust is recommended to keep employee exposures below the
Airborne Exposure Limits. Local exhaust ventilation is generally preferred because it can control
the emissions of the contaminant at its source, preventing dispersion of it into the general work
area. Please refer to the ACGIH document, Industrial Ventilation, A Manual of Recommended
Practices, most recent edition, for details.

Personal Respirators (NIOSH Approved):

If the exposure limit is exceeded and engineering controls are not feasible, a half facepiece
particulate respirator (NIOSH type P95 or R95 filters) may be worn for up to ten times the
exposure limit or the maximum use concentration specified by the appropriate regulatory agency
or respirator supplier, whichever is lowest.. A full-face piece particulate respirator (NIOSH type
P100 or R100 filters) may be worn up to 50 times the exposure limit, or the maximum use
concentration specified by the appropriate regulatory agency, or respirator supplier, whichever is

lowest. Please note that N filters are not recommended for this material. For emergencies or



instances where the exposure levels are not known, use a full-facepiece positive-pressure, air-
supplied respirator. WARNING: Air-purifying respirators do not protect workers in oxygen-
deficient atmospheres.

Skin Protection: Wear protective gloves and clean body-covering clothing.

Eye Protection: Use chemical safety goggles. Maintain eye wash fountain and quick-drench

facilities in work area.

C.9) Physical and Chemical Properties

Appearance: Clear oily liquid.

Odor: Odorless. Solubility: Miscible in water. Specific Gravity: 1.26 @ 20C/4C
pH: (neutral to litmus)

% Volatiles by volume @ 21C (70F): 0

Boiling Point: 290C (554F)

Melting Point: 18C (64F)

Vapor Density (Air=1): 3.17

Vapor Pressure (mm Hg): 0.0025 @ 50C (122F)

Evaporation Rate (BuAc=1): No information found.

C.10) Stability and Reactivity

Stability: Stable under ordinary conditions of use and storage.
Hazardous Decomposition Products: Toxic gases and vapors may be released if involved in a
fire. Glycerin decomposes upon heating above 290C, forming corrosive gas (acrolein).
Hazardous Polymerization: Will not occur.

Incompatibilities: Strong oxidizers. Can react violently with acetic anhydride, calcium
oxychloride, chromium oxides and alkali metal hydrides.

Conditions to Avoid: Heat, flames, ignition sources and incompatibles.
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C.11) Toxicological Information

Oral rat LD50: 12,600 mg/kg. Investigated as a mutagen, reproductive effector.

---NTP Carcinogen---
Ingredient Known Anticipated IARC Category
Glycerin (56-81-5) No No None

Table C.2 Toxicological Information
C.12) Ecological Information

Environmental Fate: When released into the soil, this material is expected to readily biodegrade.
When released into the soil, this material is not expected to evaporate significantly. When released
into water, this material is expected to readily biodegrade. This material is not expected to
signiﬁcantly bioaccumulate. When released into the air, this material may be moderately degraded
by reaction with photochemically produced hydroxyl radicals. When released into the air, this
material may be removed from the atmosphere to a moderate extent by wet deposition.

Environmental Toxicity: This material is not expected to be toxic to aquatic life.
C.13) Disposal Considerations

Whatever cannot be saved for recovery or recycling should be managed in an appropriate and
approved waste disposal facility. Processing, use or contamination of this product may change the
waste management options. State and local disposal regulations may differ from federal disposal
regulations. Dispose of container and unused contents in accordance with federal, state and local

requirements.
C.14) Other Information

NFPA Ratings: Health: 1 Flammability: 1 Reactivity: 0
Label Precautions: Avoid breathing mist.

Avoid contact with eyes, skin and clothing.

Keep container closed.

Use with adequate ventilation.




Wash thoroughly after handling.

Label First Aid:

If inhaled, remove to fresh air. Get medical attention for any breathing difficulty. In case of
contact, immediately flush eyes or skin with plenty of water for at least 15 minutes. Get medical
attention if irritation develops or persists.

Product Use: Laboratory Reagent.

Revision Information: No Changes.
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Appendix-D

Refractive Index of Glycerine-Water Solutions at 20°C
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0
(69 F)[24]
Glycerine % | Refractive Difference Glycerine Refractive Difference
By Weight Index nDzo for 1% % Index an for 1%
By Weight
100 1.47399 0.00165 50 1.39809 0.00149
99 1.47234 0.00163 49 1.39660 0.00147
98 1.47071 0.00161 48 1.39513 0.00145
97 1.46909 0.00157 47 1.39368 0.00141
96 1.46752 0.00156 46 1.39227 0.00138
95 1.46597 0.00154 45 1.39089 0.00136
94 1.46443 0.00153 44 1.38953 0.00135
93 1.46290 0.00151 43 1.38818 0.00135
92 1.46139 0.00151 42 1.38683 0.00135
91 1.45989 0.00151 41 1.38548 0.00135
90 1.45839 0.00150 40 1.38413 0.00135
89 1.45689 0.00150 39 1.38278 0.00135
88 1.45539 0.00150 38 1.38143 0.00135
87 1.45389 0.00152 37 1.38008 0.00134
86 1.45237 0.00152 36 1.37874 0.00134
85 1.45085 0.00155 35 1.37740 0.00134
84 1.44930 0.00156 34 1.37606 0.00134
83 1.44770 0.00160 33 1.37472 0.00134
82 1.44612 0.00162 32 1.37338 0.00134
81 1.44450 0.00160 31 1.37204 0.00134
80 1.44290 0.00155 30 1.37070 0.00134
79 1.44135 0.00153 29 1.36936 0.00134
78 1.43982 0.00150 28 1.36802 0.00133
77 1.43832 0.00149 27 1.36669 0.00133
76 1.43683 0.00149 26 1.36536 0.00132
75 1.43534 0.00149 25 1.36404 0.00132
74 1.43385 0.00149 24 1.36272 0.00131
73 1.43236 0.00149 23 1.36141 0.00131
72 1.43087 0.00149 22 1.36010 0.00131
71 1.42938 0.00149 21 1.35879 0.00130
70 1.42789 0.00149 20 1.35749 0.00130
69 1.42640 0.00149 19 1.35619 0.00129
68 1.42791 0.00149 18 1.35490 0.00129
67 1.42342 0.00149 17 1.35361 0.00128
66 1.42193 0.00149 16 1.35233 0.00127
65 1.42044 0.00149 15 1.35106 0.00126
64 1.41895 0.00149 14 1.34980 0.00126
63 1.41746 0.00149 13 1.34854 0.00125
62 1.41597 0.00149 12 1.34729 0.00125
61 1.41448 0.00149 11 1.34604 0.00123
60 1.41299 0.00149 10 1.34481 0.00122
59 1.41150 0.00149 9 1.34359 0.00121
58 1.41001 0.00149 8 1.34238 0.00120
57 1.40852 0.00149 7 1.34118 0.00119
56 1.40703 0.00149 6 1.33999 0.00119
557 1.40554 0.00149 5 1.33880 0.00118
54 1.40405 0.00149 4 1.33762 0.00117
53 1.40256 0.00149 3 1.33645 0.00115
52 1.40107 0.00149 2 1.33530 0.00114
51 1.39958 0.00149 1 1.33416 0.00113
0 1.33303 -
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Appendix-E

ChemNMR H-1 Estimation [25]

3.68 on 2.0
2.0HO 3.39
3.6 on 2.0
Estimation Quality: blue = good, medium, red = rough
] ' } ' 2 ' \ ' 0
PPM
Protocol of the H-1 NMR Prediction
Node Shift Base + Inc. Comment (ppm rel. to TMS)
OH 2.0 2.00 alcohol
CH, 3.68 1.37 meyhylene
2.20 1 alpha-O
0.15 1 beta—O
-0.04 1 beta-O
CH 3.39 1.50 methine
1.73 1 alpha-O
0.08 1 beta—O
0.08 1 beta—O
OH 2.0 2.00 alcohol
CH, 3.68 1.37 meyhylene
2.20 1 alpha-O
0.15 1 beta-O
-0.04 1 beta-O

OH 2.0 2.00 alcohol





