ATTACHMENT 2
RADIO MATERIALS CORPORATION
FOCUSED COMPLIANCE INSPECTION WASTE INVENTORY PHOTO LOG — AUGUST 21, 2015






Photo 1

Radio Materials Corporation Site
Attica, Indiana

Taken by: Michael Valentino
822115

10:09 am EDT
Orientation: South

Description: Main Plant — Building 4. Solvent storage. Various sized
containers of gasoline, motor oil and solvents.

Radio Materials Corporation Site

Focused Compliance Inspection — Waste Inventory

Photo Log — Inspection Date August 21, 2015
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Photo 2

Radio Materials Corporation Site
Attica, Indiana

Taken by: Michael Valentino
8/21/15

10:09 am EDT

Orientation: South

Description: Main Plant — Building 4. Solvent storage. Various sized

containers of gasoline, motor oil and solvents.

Radio Materials Corporation Site

Focused Compliance Inspection — Waste Inventory
Photo Log — Inspection Date August 21, 2015
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Photo 3

Radio Materials Corporation Site
Attica, Indiana

Taken by: Michael Valentino
8/21/15

10:10 am EDT
Orientation: South

Description: Main Plant — Building 4. Ethylene glycol and acids.

Radio Materials Corporation Site

Focused Compliance Inspection — Waste Inventory
Photo Log — Inspection Date August 21, 2015
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Photo 4 | Radio Materials Corporation Site

‘ Attica, Indiana
Taken by: Michael Valentino Description: Main Plant — Building 2. Chemical Laboratory. Various
8/21/15 reagents and unknowns of varying container size and type. Cf
10:14 am EDT Conestoga-Rovers & Associates Site Photographs (May 8-11, 2007)
Orientation: South Building 2, Photos 16-17.

Radio Materials Corporation Site
Focused Compliance Inspection — Waste Inventory
Photo Log — Inspection Date August 21, 2015 Page 4



Radio Materials Corporation Site
Attica, Indiana

Taken by: Michael Valentino
8/21/15

10:15 am EDT

Orientation: Southeast

Description: Main Plant — Building 2. Chemical Laboratory. Various
reagents and unknowns of varying container size and type. Cf’
Conestoga-Rovers & Associates Site Photographs (May 8-11, 2007)
Building 2, Photos 16-17.

Radio Materials Corporation Site

Focused Compliance Inspection —Waste Inventory
Photo Log — Inspection Date August 21, 2015 : Page 5




Photo 6

Radio Materials Corporation Site

| Attica, Indiana

Taken by: Michael Valentino
8/21/15

10:15 am EDT

Orientation: Southwest

Description: Main Plant — Building 2. Chemical Laboratory. Cf.

Conestoga-Rovers & Associates Site Photographs (May 8-11, 2007)

Building 2, Photos 16-17.

Radio Materials Corporation Site

Focused Compliance Inspection — Waste Inventory
Photo Log — Inspection Date August 21, 2015
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Photo 7

| Radio Materials Corporation Site

Attica, Indiana

Taken by: Michael Valentino
8/21/15

10:19 am EDT

Orientation: West

Description: Main Plant — Building 2. Chemical Laboratory. Five-gallon
plastic pail, dated 8-9-2000. Labeled “Vehicle #9.” Contents read: ethyl
cellulose, SC150 [unknown, assumed], dibutyl thiolate, butyl acetate and
butyl carbatol [sic].

Radio Materials Corporation Site

Focused Compliance Inspection — Waste Inventory
Photo Log — Inspection Date August 21, 2015 Page 7



Photo 8

Radio Materials Corporation Site

| Attica, Indiana

Taken by: Michael Valentino
8/21/15

10:20 am EDT

Orientation: West

Description: Main Plant — Building 2. Chemical Laboratory.

Radio Materials Corporation Site

Focused Compliance Inspection — Waste Inventory
Photo Log — Inspecticn Date August 21, 2015
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Photo 9

Radio Materials Corporation Site
Attica, Indiana

Taken by: Michael Valentino
8/21/15

10:24 am EDT

Orientation: East

Description: Main Plant — Building 2. Powder Room. Fiberboard drums
of barium titanate and magnesium titanate. Cf Conestoga-Rovers &
Associates Site Photographs (May 8-11, 2007) Building 2, Photo 10.

Radio Materials Corporation Site

Focused Compliance Inspection — Waste Inventory

Photo Log — Inspection Date August 21, 2015
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Photo 10

Radio Materials Corporation Site
Attica, Indiana

Taken by: Michael Valentino
8/21/15

10:25 am EDT

Orientation: East

Description: Main Plant — Building 2. Fiberboard drums of barium
titanate and magnesium titanate. Cf. Conestoga-Rovers & Associates Site
Photographs (May 8-11, 2007) Building 2, Photo 10.

Radio Materials Corporation Site

Focused Compliance Inspection — Waste Inventory
Photo Log — Inspection Date August 21, 2015 Page 10



Photo 11

Radio Materials Corporation Site
Attica, Indiana

Taken by: Michael Valentino
8/21/15

10:27 am EDT

Orientation: West

Description: Main Plant — Building 4. Dry ceramic materials.

Radio Materials Corporation Site

Focused Compliance Inspection — Waste Inventory
Photo Log — Inspection Date August 21, 2015
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Photo 12

Radio Materials Corporation Site

| Attica, Indiana

Taken by: Michael Valentino
8/21/15

10:31 am EDT

Orientation: West

Description: Main Plant — Building 4. Kiln Room. Ceramic discs. Cf.
Conestoga-Rovers & Associates Site Photographs (May 8-11, 2007)

Building 4, Photo 2.

Radio Materizls Corporation Site

Focused Compliance Inspection — Waste Inventory
Photo Log — Inspection Date August 21, 2015
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Photo 13

Radio Materials Corporation Site
Attica, Indiana

Taken by: Michael Valentino
8/21/15 .

10:32 am EDT

Orientation: Southeast

Description: Main Plant — Building 4. Kiln Room. Fiber containers of
titanium dioxide.

Radio Materials Corporation Site

Focused Compliance Inspection — Waste Inventory
Photo Log — Inspection Date August 21, 2015 Page 13



Photo 14 Radio Materials Corporation Site
Attica, Indiana

Taken by: Michael Valentino Description: Main Plant — Building 4B. Powder storage warehouse. Fiber
8/21/15 drums of raw and prepared materials. Cf. Conestoga-Rovers &
10:35 am EDT Associates Site Photographs (May 8-11, 2007) Building 4B, Photos 1-5.

Orientation: West

Radio Materials Corporation Site
Focused Compliance Inspection — Waste Inventory
Photo Log — Inspection Date August 21, 2015 Page 14



Photo 15

Radio Materials Corporation Site
Attica, Indiana

Taken by: Michael Valentino
8/21/15

10:35 am EDT

Orientation: West

Description: Main Plant — Building 4B. Powder storage warehouse. Fiber
drums of raw and prepared materials. Cf. Conestoga-Rovers &
Associates Site Photographs (May 8-11, 2007) Building 4B, Photos 1-3.

Radio Materials Corporation Site

Focused Compliance Inspection — Waste Inventory ‘
Pheto Log — Inspection Date August 21, 2015 Page 15



Photo 16

Radio Materials Corporation Site
Attica, Indiana

Taken by: Michael Valentino
8/21/15

10:36 am EDT

Orientation: West

Description: Main Plant — Building 4B. Powder storage warehouse. Fiber
drums of raw and prepared materials. Cf. Conestoga-Rovers &
Associates Site Photographs (May 8-11, 2007) Building 4B, Photos 1-5.

Radio Materials Corporation Site

Focused Compliance Inspection — Waste Inventory
Photo Log — Inspection Date August 21, 2015 Page 16



Photo 17

Radio Materials Corporation Site
Attica, Indiana

Taken by: Michael Valentino
8/21/15

10:42 am EDT

Orientation: East

Description: Main Plant — Building 4B. Powder storage warehouse. Fiber
drums of raw and prepared materials. Cf. Conestoga-Rovers &
Associates Site Photographs (May 8-11, 2007) Building 4B, Photos 1-5.

Radio Materials Corporaticn Site

Focused Compliance Inspection — Waste Inventory
Photo Log — Inspection Date August 21, 2015 Page 17




Photo 18

Radio Materials Corporation Site
Attica, Indiana

Taken by: Michael Valentino
8/21/15

11:03 am EDT

Orientation: East

Description: Building 5.

Radio Materials Corporation Site

Focused Compliance Inspection — Waste Inventory
Photo Log — Inspection Date August 21, 2015
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Photo 19 Radio Materials Corporation Site
Attica, Indiana

Taken by: Michael Valentino Description: Building 5.

8/21/15

11:03 am EDT
Orientation: Northeast

Radio Materials Corporation Site
Focused Compliance Inspection — Waste Inventory
Photo Log — Inspection Date August 21, 2015 Page 19



Photo 20 Radio Materials Corporation Site
Attica, Indiana

Taken by: Michael Valentino Description: Building 5. Furnace room.
8/21/15 :
11:10 am EDT

Orientation: North

D S T e T T A L S e Y T e e T T T e Y P R Y T A TS YT
Radic Materials Corporation Site

Focused Compliance Inspection — Waste Inventory

Photo Log — Inspection Date August 21, 2015 Page 20
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Photo 21

Radio Materials Corporation Site

| Attica, Indiana

Taken by: Michael Valentino
8/21/15
11:11 am EDT

Orientation: East

Description: Building 5. Cf. Conestoga-Rovers & Associates Site
Photographs (May 8-11, 2007) Building 5, Photo 9.

Radio Materials Corporation Site

Focused Compliance Inspection — Waste Inventory
Photo Log — Inspecticn Date August 21, 2015




Photo 22

Radio Materials Corporation Site
Attica, Indiana

Taken by: Michael Valentino
8/21/15

11:12 am EDT
Orientation: Southeast

Description: Building 5. Cf Conestoga-Rovers & Associates Site

Photographs (May 8-11, 2007) Building 5, Photo 12,

Radio Materials Corporation Site

Focused Compliance Inspection — Waste Inventory
Photo Log — Inspection Date August 21, 2015
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Photo 23

Radio Materials Corporation Site
Attica, Indiana

Taken by: Michael Valentino
8/21/15

11:12 am EDT
Orientation: South

Description: Building 5. Cf. Conestoga-Rovers & Associates Site

Photographs (May 8-11, 2007) Building 5, Photo 12.

Radio Materials Corporation Site

Focused Compliance Inspection — Waste Inventory
Photo Log — Inspection Date August 21, 2015
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Photo 24

Radio Materials Corporation Site
Attica, Indiana :

Taken by: Michael Valentino
8/21/15

11:12 am EDT

Orientation: Southwest

Description: Building 5. Cf. Conestoga-Rovérs & Associates Site

Photographs (May 8-11, 2007) Building 5, Photo 16.

e

Radio Materials Corporation Site

Focused Compliance Inspection — Waste Inventory
Photo Log — Inspection Date August 21, 2015
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Photo 25

Radio Materials Corporation Site
Attica, Indiana

Taken by: Michael Valentino
8/21/15

11:12 am EDT

Orientation: South

Description: Building 5. Cf Conestoga-Rovers & Associates Site
Photographs (May 8-11, 2007) Building 5, Photo 14.

Radio Materials Corporation Site

Focused Compliance Inspection —Waste Inventory
Photo Log — Inspection Date August 21, 2015
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Photo 26

| Radio Materials Corporation Site
| Attica, Indiana

Taken by: Michael Valentino
82115

11:13 am EDT

Orientation: South

Description: Building 5. Cf Conestoga-Rovers & Associates Site
Photographs (May 8-11, 2007) Building 5, Photo 14.

Radio Materials Corporation Site

Focused Compliance Inspection — Waste Inventory
Photo Log — Inspection Date August 21, 2015
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| Radio Materials Corporation Site
| Attica, Indiana

Taken by: Michael Valentino
8/21/15

11:15 am EDT

Orientation: Southwest

Description: Building 5. Used oil drum.

Radio Materials Corporation Site

Focused Compliance Inspection — Waste Inventory
Photo Log — Inspection Date August 21, 2015
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Photo 28

Taken by: Michael Valentino

Radio Materials Corporation Site

| Attica, Indiana

8/21/15
11:15 am EDT
Orientation: Southwest

Description: Building 5. Asbestos wrap in three fiber drums.

- |
Radio Materials Corporation Site

Focused Compliance Inspection — Waste Inventory
Photo Log — Inspection Date August 21, 2015
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Photo 29

Radio Materials Corporation Site
Attica, Indiana

Taken by: Michael Valentino
8/21/15 :
11:16 am EDT

Orientation: East

Description: Building 5. Heavy equipment storage. Building is leased by

RMC to a private farmer.

Radio Materials Corporation Site

Focused Compliance Inspection — Waste Inventory
Photo Log — Inspection Date August 21, 2015
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Photo 30

Radio Materials Corporation Site
Aftica, Indiana

Taken by: Michael Valentino
8/21/15

11:27 am EDT

Orientation: East

Description: Building 8. Cf. Conestoga-Rovers & Associates Site
Photographs (May 8-11, 2007) Building 8, Photo 1.

Radio Materizls Corporation Site

Focused Compliance Inspection — Waste Inventory
Photo Log — Inspecticn Date August 21, 2015

Page 30



Photo 31

Radio Materials Corporation Site
Attica, Indiana

Taken by: Michael Valentino
8/21/15

11:27 am EDT

Orientation: East

Description: Building 8. Used oil.

Radio Materials Corporation Site

Focused Compliance Inspection — Waste Inventory
Photo Log — Inspection Date August 21, 2015

Page 31



Photo 32

Radio Materials Corporation Site
Attica, Indiana

Taken by: Michael Valentino
8/21/15

11:28 am EDT
Orientation: Southwest (downward)

Description: Building 8. Oil on floor.

Radio Materials Corporation Site

Focused Compliance Inspection — Waste Inventory
Photo Log — Inspection Date August 21, 2015

Page 32




Photo 33

Radio Materials Corporation Site
Attica, Indiana

Taken by: Michael Valentino
8/21/15

11:31 am EDT

Orientation: West

Description: Building 8. Cf’ Conestoga-Rovers & Associates Site
Photographs (May 8-11, 2007) Building 8, Photo 4.

Radio Materials Corporation Site

Focused Compliance Inspection — Waste Inventory
Photo Log — Inspection Date August 21, 2015
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Photo 34

Radio Materials Corporation Site
Attica, Indiana

Taken by: Michael Valentino
8/21/15

11:31 am EDT

Orientation: East

Description: Building 8. Cf. Conestoga-Rovers & Associates Site
Photographs (May 8-11, 2007) Building 8, Photo 7.

Radic Materials Corporation Site

Focused Compliance Inspection — Waste Inventory
Photo Log — Inspection Date August 21, 2015
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Photo 35

Taken by: Michael Valentino

Radio Materials Corporation Site
Attica, Indiana

8/21/15
11:33 am EDT
Orientation: Northeast

Description: Building 8.

Radio Materials Corporation Site

Focused Compliance Inspection — Waste Inventory
Photo Log — Inspecticn Date August 21, 2015
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Photo 36

Radio Materials Corporation Site
Attica, Indiana

Taken by: Michael Valentino
8/21/15

11:49 am EDT

Orientation: East

Description: Building 6. Mostly raw material inventory. Cf. Conestoga-
Rovers & Associates Site Photographs (May 8-11, 2007) Building 6,
Photos 1-11.

Radic Materials Corperation Site

Focused Compliance Inspection —Waste Inventory
Photo Log — Inspection Date August 21, 2015 Page 36



Photo 37 Radio Materials Corporation Site
Attica, Indiana

Taken by:: Michael Valentino Description: Building 6. Mostly raw material inventory. Cf. Conestoga-
8/21/15 Rovers & Associates Site Photographs (May 8-11, 2007) Building 6,
11:50 am EDT Photos 1-11.

Orientation: Northeast

e e e e e s e e e e T
Radio Materials Corporation Site

Focused Compliance Inspection — Waste Inventory

Photo Log — Inspection Date August 21, 2015 Page 37
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Photo 38

Radio Materials Corporation Site
Attica, Indiana

Taken by: Michael Valentino
8/21/15

11:50 am EDT

Orientation: East

Description: Building 6. Cf Conestoga-Rovers & Associates Site
Photographs (May 8-11, 2007) Building 6, Photos 1-11.

Radio Materials Corporation Site

Focused Compliance Inspection — Waste Inventory
Photo Log — Inspecticn Date August 21, 2015
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Photo 39

Radio Materials Corporation Site
Attica, Indiana ;

Taken by: Michael Valentino
8/21/15

11:50 am EDT

Orientation: Northeast

Description: Building 6. Cf. Conestoga-Rovers & Associates Site
Photographs (May 8-11, 2007) Building 6, Photos 1-11.

Radio Materials Corporaticn Site

Focused Compliance Inspection — Waste Inventory
Photo Log — Inspection Date August 21, 2015
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Photo 40 Radio Materials Corporation Site
Attica, Indiana

Taken by: Michael Valentino Description: Building 6. Cf. Conestoga-Rovers & Associates Site
8/21/15 Photographs (May 8-11, 2007) Building 6, Photos 1-11.

11:51 am EDT
Orientation: East-Northeast

e e T e I T STy
Radic Materials Corporation Site

Focused Compliance Inspection — Waste Inventory

Photo Log — Inspection Date August 21, 2015 Page 40



Photo 41

Radio Materials Corporation Site
Attica, Indiana

Taken by: Michael Valentino
8/21/15
11:54 am EDT

Description: Building 6. Cf’ Conestoga-Rovers & Associates Site
Photographs (May 8-11, 2007) Building 6, Photos 1-11.

Orientation: L
Radio Materials Corporation Site

Focused Compliance Inspection — Waste Inventory

Photo Log — Inspection Date August 21, 2015 Page 41
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Photo 42

Radio Materials Corporation Site
Attica, Indiana

Taken by: Michael Valentino
8/21/15

11:54 am EDT

Orientation:

Description: Building 6. DK18-05 gold insulating epoxy coating

powder. Cf. Conestoga-Rovers & Associates Site Photographs (May 8-

11, 2007) Building 6, Photos 1-11.

Radio Materials Corporation Site

Focused Compliance Inspection — Waste Inventory
Photo Log — Inspection Date August 21, 2015
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Photo 43 Radio Materials Corporation Site
Attica, Indiana
Taken by: Michael Valentino Description: Building 6. Cf. Conestoga-Rovers & Associates Site
8/21/15 Photographs (May 8-11, 2007) Building 6, Photos 1-11.
11:54 am EDT
Orientation:

Radio Materials Corporation Site
Focused Compliance Inspection — Waste Inventory

Photo Log — Inspection Date August 21, 2015 Page 43






ATTACHMENT 3
RADIO MATERIALS CORPORATION
MATERIAL SAFETY DATA SHEETS AND TECHNICAL DATA SHEETS— TITANTUM DIOXIDE, BARTUM
TITANATE, BARIUM ZIRCONATE, STRONTIUM TITANATE, STRONTIUM ZIRCONATE






Science Lab com

Chemicals & Laboratory Equipment

Reactivity 0

Personal E
Protection

Material Safety Data Sheet
Titanium dioxide MSDS

Section 1: Chemical Product and Company ldentification

Product Name: Titanium dioxide Contact Information:

Catalog Codes: SLT2686, SLT1966, SLT3259 Sciencelab.com, Inc.
14025 Smith Rd.

CAS#: 13463-67-7 Houston, Texas 77396

RTECS: XR2275000 US Sales: 1-800-901-7247

International Sales: 1-281-441-4400
Order Online: SciencelLab.com

CHEMTREC (24HR Emergency Telephone), call:

TSCA: TSCA 8(b) inventory: Titanium dioxide
Cl#: Not available.

Synonym: 1-800-424-9300
Chemical Name: Titanium Dioxide International CHEMTREC, call: 1-703-527-3887
Chemical Formula: TiO2 For non-emergency assistance, call: 1-281-441-4400

Section 2: Composition and Information on Ingredients

Composition:

Name CAS # ' % by Weight
Titanium dioxide 13463-67-7 100

Toxicological Data on Ingredients: Titanium dioxide LD50: Not available. LC50: Not available.

Section 3: Hazards Identification

Potential Acute Health Effects: Slightly hazardous in case of skin contact (irritant), of eye contact (irritant), of ingestion, of
inhalation.

Potential Chronic Health Effects:

CARCINOGENIC EFFECTS: A4 (Not classifiable for human or animal.) by ACGIH, 3 (Not classifiable for human.) by
IARC. MUTAGENIC EFFECTS: Mutagenic for mammalian somatic cells. TERATOGENIC EFFECTS: Not available.
DEVELOPMENTAL TOXICITY: Not available. The substance may be toxic to lungs, upper respiratory tract. Repeated or
prolonged exposure to the substance can produce target organs damage.

Section 4: First Aid Measures

Eye Contact:
Check for and remove any contact lenses. In case of contact, immediately flush eyes with plenty of water for at least 15
minutes. Get medical attention if irritation occurs.

p. 1



Skin Contact: Wash with soap and water. Cover the irritated skin with an emotlient. Get medical attention if irritation develops.
Serious Skin Contact: Not available. '

Inhalation:

If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. Get medical
attention.

Serious Inhalation: Not available.

Ingestion:

Do NOT induce vomiting unless directed to do so by medical personnel. Never give anything by mouth to an unconscious
person. If large quantities of this material are swallowed, call a physician immediately. Loosen tight clothing such as a collar,
tie, belt or waistband. . '

Serious Ingestion: Not available.

__Section 5: Fire and

Flammability of the Product: Non-flammable.

Auto-Ignition Temperature: Not applicable.

Flash Points: Not applicable.

Flammable Limits: ’Not applicable.

Products of Combustion: Not available.

Fire Hazards in Presence of Various Substances: of metals

Explosion Hazards in Presence of Various Substances: ‘
Risks of explosion of the product in presence of mechanical impact: Not available. Risks of explosion of the product in
presence of static discharge: Not available.

Fire Fighting Media and Instructions: Not applicable.

Special Remarks on Fire Hazards:
Not combustible. A violent or incandescent reaction with metals (aluminum, calcium, magnesium, potassium, sodium, zinc,
and lithium) may occur at high temperatures.

Special Remarks on Explosion Hazards: Not avaitable.

“Section6; Accidental Release Measures

Small Spill; .
Use appropriate tools to put'the spilled solid in a convenient waste disposal container. Finish cleaning by spreading water on
the contaminated surface and dispose of according to local and regional authority requirements.

Large Spill:

Use a shovel to put the material into a convenient waste disposal confainer. Finish cleaning by spreading water on the
contaminated surface and allow to evacuate through the sanitary system. Be careful that the product is not present at a
concentration level above TLV. Check TLV on the MSDS and with focal authorities.

__| Section 7: Handling and Storage

Precautions:
Do not breathe dust. Wear suitable protective clothing. If you feel unwell, seek medical attention and show the label when
possible. Keep away from incompatibles such as acids.

Storage: Keep container tightly closed. Keep container in a cool, well-ventilated area.

p.2




Sectlon 8: Exposure Controls/Personal Protection = = 0

Engineering Confrols:

Use process enclosures, local exhaust ventilation, or other engineering controls to keep airborne levels below recommended
exposure limits. If user operations generate dust, fume or mist, use ventilation to keep exposure to airborne contaminants
below the exposure limit.

Personal Protection: Safety glasses. Lab coat. Dust respirator. Be sure to use an approved/certified respirator or equivalent.
" Gloves.

Personal Protection in Case of a L.arge Spill:

Splash goggles. Full suit. Dust respirator. Boots. Gloves. A self contained breathing.apparatus should be used to avoid
inhalation of the product. Suggested protective: clothing might not be sufficient; consult a specialist BEFORE handling this
product.

Exposure Limits:

TWA: 15 (mg/m3) from OSHA (PEL) [United States] Inhalation Total. TWA: 10 {(mg/m3) from ACGIH (TLV) [United
States] Inhalation Total. TWA: 4 {United Kingdom (UK)] Inhalation Respirable. TWA: 10 [United Kingdom (UK}] Inhalation
Total.Consult [ocal authorities for acceptable exposure limits.

Sectlon 9 Physscal and Chemlcal Propertles

Physical state and appearance: Solid. (Powdéred solid.}
Qdor: Cdorless. '

Taste: Tasteless.

Molecular Weight: 79.9g/mole

Color: White.

pH (1% soln/water): Not applicable.
Boiling Point: 2750°C (4982°F)
Melting Point: 1855°C (3371°F}
Critical Temperature: Nof available.
Specific Gravity: 4.26 (Water = 1}
Vapor Pressure: Not applicable.
Vapor Density:. Not available.
Volatility: Not available.

Odor Thresheld: Not available.
Water/Qil Dist. Coeff.: Not available,
‘Ionicity (in Water): Not available.
Dispersion Properties: Not available,

- Solubility:
Insoluble in cold water, hydrochloric acid, nitric acid, diluted sulfuric acid, organic solvents. Soluble in hot concentrated sulfuric
acid, hydrofluoric acid, alkali. '

~'Section 10: Stability and.Reactivity:Data ==~

Stability: The product is stable.

Instability Temperature: Not available.

p. 3




Conditions of Instability: incompatibie materials

Incompatibility with various substances:
Reactive with acids. Slightly reactive to reactive with metals.

Corrosivity: Non-corrosive in presence of glass.

.~ Special Remarks on Reactivity:

Reaction of titanium dioxide and lithium occurs around 200 C with a flash of light; the temperature can reach 900 degrees C. A
violent or incandescent reaction with metals (aluminum, calcium, magnesium, potassium, sodium, zing, and lithium) may occur
at high temperatures. .

Special Remarks on Corrosivity: Not available.

Polymerization: Will not occur.

Section 11: Toxicological Information

Routes of Entry: Inhalation. Ingestion.

Toxicity to Animals:
LD50: Not available. LC50: Not available.

Chronic Effects on Humans:

CARCINOGENIC EFFECTS: A4 (Not classifiable for human or animal.} by ACGIH, 3 (Nof classifiable for human.} by IARC.

. MUTAGENIC EFFECTS: Mutagenic for mammallan somatic cells. May cause damage fo the following organs: lungs, upper
respiratory tract.

Other Toxic Effects on Humans: Slightly hazardous in case of skin contact (irritant), of ingestion, of inhalation.
Special Remarks on Toxicity fo Animals: Not available. '

Special Remarks on Chronic Effects on Humans:
Possible carcinogen (tumorgen) based on animal data. No human data found at this time and IARC so far has found
inadequate evidence for carcinogenicity in humans.

Special Remarks on other Toxic Effects on Humans:

Acute Potential Health Effects: Skin: Skin exposure to titanium dioxide is wr’[ually harmless. [t is reported to be a mild irritant
and may cause mechanical imritation (irritation from frictional action). It is believed not to be absorbed through intact skin. Eyes:
Dust may cause mechanical irritation (irritation from frictional action), Ingestion: May.cause gastrointestinal (digestive) tract
irritation with nausea, vomiting and diarrhea. It is not absorbed following ingestion. No hazard is expected in normal industrial
use. Inhalation: Nuisance dust. May be harmful if inhaled. Causes respiratory tract irritation. May affect respiration and blood.
Chronic Potential Health Effects: Heavy occupational dust exposures may cause chronic rhinitis, chronic bronchitis, impaired
pulmonary function, resembtance of silicosis without any fibrosis, functional change in trachea or bronchi, chronic pulmonary
edema.

Saction 12: Ecological Information

Ecotoxicity: Not available.
BODS5 and COD: Not available.

Products of Biodegradation:
Possibly hazardous short term degradation products are not likely. However, long term degradation products may arise.

Toxicity of the Products of Biodegradation: The product itself and its products of degradation are not toxic.

Special Remarks on the Products of Biodegradation: Not available.

'/ Section 13: Disposal Considerations i =
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Waste Disposal:
Waste must be disposed of in accordance with federal, state and local environmental control regulations.

Section 14: Transport Information’ = |

DOT Classification: Not a DOT controlled material (United States).
Identification: Not applicable.

Special Provisions for Transport: Not applicable.

"' Section 15: Other Regulatory Information =~

Federal and State Regulations:

lllinois toxic substances disclosure to employee act: Titanium dioxide Rhode Island RTK hazardous substances: Titanium
dioxide Pennsylvania RTK: Titanium dioxide Minnesota: Titanium dioxide Massachusetts RTK: Titanium dioxide New Jersey:
Titanium dioxide TSCA 8(b) inventory: Titanium dioxide

Other Reguiations:

OSHA: Hazardous by definition of Hazard Communication Standard (29 CFR 1910.1200). EINECS: This product is on the
European Inventory of Existing Commercial Chemical Substances.

Other Classifications:
WHMIS (Canada): Not controlled under WHMIS {Canada).

BSCL (EEC):
Not available $24/25- Avoid contact with skin and eyes.

HMIS (U.S.A.):
Health Hazard: 1
Fire Hazard: 0
Reactivity: O
Personal Protection: E
National Fire Protection Association (U.S.A.):
Health: 1
Flammability: 0
Reactivity: 0
Specific hazard:

Protective Equipment:
Gloves. Lab coat. Dust respirator. Be sure to use an approved/certified respirator or equivalent. Safety glasses.

" Section 16: Other Information =~

References: Not available.

Other Special Considerations: Not available.
Created: 10/10/2005 12:05 AM

Last Updated: 05/21/2013 12:00 PM

The information above is believed to be accurate and represents the best information currently available to us. However, we
make no warranty of merchantability or any other warranty, express or implied, with respect to such information, and we assume
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no liability resulting from its use. Users should make their own investigations fo determine the suitability of the information for
their particufar purposes. In no event shall Sciencelab.com be liable for any claims, losses, or damages of any third parly or for
lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever ansmg, even if SCfenceLab com
_has been advised of the possrb.'.’fty of such damages
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SAFETY DATA SHEET

Revision Date 10-Feb-2015 Revision Number 1

1. Identification

Product Name Barium titanate(IV)

Cat No. : AC196860000; AC196860025; AC196865000

Synonyms Barium Titanium Oxide

Recommended Use Laboratory chemicals.

Uses advised against No Information available

Details of the supplier of the safety data sheet

Company Entity / Business Name Emergency Telephone Number

Fisher Scientific Acros Organics For information US call: 001-800-ACROS-01
One Reagent Lane One Reagent Lane / Europe call: +32 14 57 52 11

Fair Lawn, NJ 07410 Fair Lawn, NJ 07410 Emergency Number US:001-201-796-7100 /
Tel: (201) 796-7100 Europe: +32 14 57 52 99

CHEMTREC Tel. No.US:001-800-424-9300 /
Europe:001-703-527-3887

2. Hazard(s) identification

Classification
This chemical is considered hazardous by the 2012 OSHA Hazard Communication Standard (29 CFR 1910.1200)

Acute oral toxicity Category 4
Acute Inhalation Toxicity - Dusts and Mists Category 4

Label Elements

Signal Word
Warning

Hazard Statements
Harmful if swallowed
Harmful if inhaled

Precautionary Statements

Prevention

Wash face, hands and any exposed skin thoroughly after handling
Do not eat, drink or smoke when using this product
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Avoid breathing dust/fume/gas/mist/vapors/spray

Use only outdoors or in a well-ventilated area

Inhalation

IF INHALED: Remove victim to fresh air and keep at rest in a position comfortable for breathing
Call a POISON CENTER or doctor/physician if you feel unwell

Ingestion

'IF SWALLOWED: Call a POISON CENTER or doctor/physician if you feel unwell
Rinse mouth

Disposal

Dispose of contents/container to an approved waste disposal plant

Hazards not otherwise classified (HNOC)

None identified

3. Composition / information on ingredients

Component CAS-No Weight %
Barium titanium oxide (BaTiO3) 12047-27-7 >05

4. First-aid measures

Eye Contact ) Rinse immediately with plenty of water, also under the eyelids, for at least 15 minutes.
Obtain medical attention.

Skin Contact ' Wash off immediately with soap and plenty of water while removing all contaminated
clothes and shoes. Obtain medical attention.

Inhalation Remove from exposure, lie down. Move to fresh air. If breathing is difficult, give oxygen. If
not breathing, give artificial respiration. Obtain medical attention.

Ingestion Clean mouth with water. Get medical attention.

Most important symptoms/effects No information available.
Notes to Physician Treat symptomatically

5. Fire-fighting measures

Suitable Extinguishing Media Water spray. Carbon dioxide (COz). Dry chemical. alcohol-resistant foam.
Unsuitable Extinguishing Media No information available
Flash Point No information available
Method - No information available
Autoignition Temperature Not applicable
Explosion Limits
Upper No data available
Lower No data available

Sensitivity to Mechanical Impact No information available
Sensitivity to Static Discharge No information available

Specific Hazards Arising from the Chemical
Keep product and empty container away from heat and sources of ignition.

Hazardous Combustion Products

Thermal decomposition can lead to release of irritating gases and vapors

Protective Equipment and Precautions for Firefighters

As in any fire, wear self-contained breathing apparatus pressure-demand, MSHA/NIOSH (approved or equivalent) and full
protective gear.
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NFPA

Health Flammability Instability Physical hazards
2 0 0 N/A

6. Accidental release measures

Ensure adequate ventilation. Use personal protective equipment.
See Section 12 for additional ecological information.

Personal Precautions
Environmental Precautions

Methods for Containment and Clean Soak up with inert absorbent material (e.g. sand, silica gel, acid binder, universal binder,
Up _ sawdust). Keep in suitable, closed containers for disposal.

7. Handling and storage

Handling Avoid contact with skin and eyes. Do not breathe dust.

Storage Keep in a dry, cool and well-ventilated place. Keep container tightly closed.

8. Exposure controls / personal protection

This product does not contain any hazardous materials with occupational exposure limits
established by the region specific regulatory bodies.

Exposure Guidelines

Engineering Measures Ensure adequate ventilation, especially in confined areas.

Personal Protective Equipment
Eyelface Protection Wear appropriate protective eyeglasses or chemical safety goggles as described by
OSHA's eye and face protection regulations in 29 CFR 1910.133 or European Standard

EN1686.

- Skin and body protection Wear appropriate protective gloves and clothing to prevent skin exposure.

Respiratory Protection - Follow the OSHA respirator regulations found in 29 CFR 1910.134 or European Standard
EN 149. Use a NIOSH/MSHA or European Standard EN 149 approved respirator if
exposure limits are exceeded or if irritation or other symptoms are experienced.

Hygiene Measures Handle in accordance with good industrial hygiene and safety practice.

9. Physical and chemical properties

Physical State Powder Solid
Appearance Off-white

Odor Odorless

Odor Threshold No information available

pH

Melting Point/Range

Boiling Point/Range

Flash Point

Evaporation Rate

Flammability (solid,gas)

Flammability or explosive limits
Upper
Lower

Vapor Pressure

Vapor Density

Relative Density

Solubility

Partition coefficient; n-octanol/water

Autoignition Temperature

No information available

1625 °C / 2957 °F

No information available
No information available

Not applicable

No information available

No data available
No data available

No information available

Not applicable
6.080

No information available

No data available
Not applicable
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Decomposition Temperature
Viscosity

Molecular Formula
Molecular Weight

No information available

Not applicable

Ba O3 Ti
233.24

10. Stability and reactivity

Reactive Hazard
Stability
Conditions to Avoid

Incompatible Materials

Hazardous Decomposition Products Thermal decomposition can lead to release of irritating gases and vapors

Hazardous Polymerization

Hazardous Reactions

None known, based on information available

Stable under normal conditions.

Incompatible products.

Strong oxidizing agents, Strong acids

No information available.

None under normal processing.

11. Toxicological information

Acute Toxicity

Product Information
Component Information

Component

LD50 Oral

LD50 Dermal

LC50 Inhalation

Barium titanium oxide (BaTiO3)

12 g/kg { Rat)

Not listed

Not listed

Toxicologically Synergistic
Products

Delayed and immediate effects as well as chronic effects from short and long-term exposure

No informaticn available

Irritation
Sensitization

Carcinogenicity

No information available

No information available

The table below indicates whether each agency has listed any ingredient as a carcinogen.

Component CAS-No IARC NTP ACGIH OSHA Mexico
Barium titanium oxide 12047-27-7 Not listed Not listed Not listed Not listed Not listed
(BaTiO3)

Mutagenic Effects
Reproductive Effects
Developmental Effects
Teratogenicity

STOT - single exposure
STOT - repeated exposure

Aspiration hazard

Symptoms [/ effects,both acute and
delayed

Endocrine Disruptor Information

Other Adverse Effects

No information available

No information available.

No information available.

No information available.

None known
None known

No information available

No information available

No information available

The toxicological properties have not been fully investigated.
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12. Ecological information

Ecotoxicity
Do not empty into drains.

Persistence and Degradability Insoluble in water
Bioaccumulation/ Accumulation No information available.

Mobility Is not likely mobile in the environment due its low water solubility.

13. Disposal considerations

Waste Disposal Methods Chemical waste generators must determine whether a discarded chemical is classified as a
hazardous waste. Chemical waste generators must also consult local, regional, and
national hazardous waste regulations to ensure complete and accurate classification.

14. Transport information

DOT Not regulated
DG Not regulated
IATA Not regulated
MDG/IMO Not regulated

15. Regulatory information

International Inventories

Component TSCA | DSL | NDSL | EINECS | ELINCS| NLP | PICCS | ENCS | AICS | IECSC | KECL
Barium titanium oxide X X - 234-975-0 - X X X X X
(BaTiO3)
Legend:
X - Listed

E - Indicates a substance that is the subject of a Section 5(e) Consent order under TSCA.

F - Indicates a substance that is the subject of a Section 5(f) Rule under TSCA.

N - Indicates a polymeric substance containing no free-radical initiator in its inventory name but is considered to cover the designated
polymer made with any free-radical initiator regardless of the amount used.

P - Indicates a commenced PMN substance

R - Indicates a substance that is the subject of a Section 6 risk management rule under TSCA.

S - Indicates a substance that is identified in a proposed or final Significant New Use Rule

T - Indicates a substance that is the subject of a Section 4 test rule under TSCA.

XU - Indicates a substance exempt from reporting under the Inventory Update Rule, i.e. Partial Updating of the TSCA Inventory Data Base
Production and Site Reports (40 CFR 710(B).

Y1 - Indicates an exempt polymer that has a number-average molecular weight of 1,000 or greater.

Y2 - Indicates an exempt polymer that is a polyester and is made only from reactants included in a specified list of low concern reactants
that comprises one of the eligibility criteria for the exemption rule.

U.S. Federal Requlations

TSCA 12(b}) Not applicable
SARA 313 Not applicable
Component CAS-No Weight % SARA 313 - Threshold
Values %
Barium titanium oxide (BaTiO3) 12047-27-7 >95 1.0

SARA 311/312 Hazardous Categorization

Acute Health Hazard Yes

Chronic Health Hazard No

Fire Hazard No

Sudden Release of Pressure Hazard No

Reactive Hazard No
Clean Water Act Not applicable
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Clean Air Act Not applicable

OSHA Occupational Safety and Health Administration
Not applicable

CERCLA
Not applicable
California Proposition 65 This product does not contain any Proposition 65 chemicals
State Right-to-Know Not applicable
Component Massachusetts New Jersey Pennsylvania lllinois Rhode Island
Barium titanium oxide # X X - 2
(BaTiO3)

U.S. Department of Transportation

Reportable Quantity (RQ): N
DOT Marine Pollutant N
DOT Severe Marine Pollutant N

U.S. Department of Homeland Security
This product does not contain any DHS chemicals.

Other International Regulations

Mexico - Grade No information available

Canada

This product has been classified in accordance with the hazard criteria of the Controlled Products Regulations (CPR) and
the MSDS contains all the information required by the CPR

WHMIS Hazard Class D1B Toxic materials

16. Other information

Prepared By Regulatory Affairs
Thermo Fisher Scientific
Email: EMSDS RA@thermofisher.com

Revision Date 10-Feb-2015
Print Date 10-Feb-2015
Revision Summary This document has been updated to comply with the US OSHA HazCom 2012 Standard

replacing the current legislation under 29 CFR 1910.1200 to align with the Globally
Harmonized System of Classification and Labeling of Chemicals (GHS)
Disclaimer
The information provided on this Safety Data Sheet is correct to the best of our knowledge, information and belief at the
date of its publication. The information given is designed only as a guide for safe handling, use, processing, storage,
transportation, disposal and release and is not to be considered as a warranty or quality specification. The information
relates only to the specific material designated and may not be valid for such material used in combination with any other
material or in any process, unless specified in the text.
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End of SDS
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Barium zirconate

sc-239280
Material Safety Data Sheet
Th P 6 Cumsion
Hazard,g;“ i EXTREME Ff—""”_ SH MODERATE Low

Section 1 - CHEMICAL PRODUCT AND COMPANY IDENTIFICATION

PRODUCT NAME
Barium zirconate

STATEMENT OF HAZARDOUS NATURE
|CONSIDERED A HAZARDOUS SUBSTANCE ACCORDING TO OSHA 29 CFR 1910.1200. |

NFPA

SUPPLIER

Company: Santa Cruz Biotechnology, Inc.
Address:

2145 Delaware Ave

Santa Cruz, CA 95060

Telephone: 800.457.3801 or 831.457.3800

Emergency Tel: CHEMWATCH: From within the US and
Canada: 877-715-9305

Emergency Tel: From outside the US and Canada: +800 2436
2255 (1-800-CHEMCALL) or call +613 9573 3112

PRODUCT USE

Ceramic

SYNONYMS

Ba-03-Zr, BaZr03, "barium zircanium (V) oxide", "barium zirconium (IV) oxide", "barium zirconium frioxide"

Section 2 - HAZARDS IDENTIFICATION
CANADIAN WHMIS SYMBOLS

EMERGENCY OVERVIEW
RISK

Harmful by inhalation and if swallowed.

POTENTIAL HEALTH EFFECTS
ACUTE HEALTH EFFECTS

SWALLOWED

m Accidental ingestion of the material may be harmful; animal experiments indicate that ingestion of less than 150 gram may
be fatal or may produce serious damage to the health of the individual.

m Because inorganic zirconium is poorly absorbed from the digestive tract, acute oral toxicity is low. Injection is much more
dangerous, causing progressive depression until death,

EYE



m Although the material is not thought to be an irritant, direct contact with the eye may cause transient discomfort
characterized by tearing or conjunctival redness (as with windburn). Slight abrasive damage may also resuit. The material may
preduce foreign body irritation in certain individuals.

SKIN

m There is some evidence to suggest that this material can cause inflammation of the skin on contact in some persons.

m The external application of zirconium can cause nodules in the skinof the armpits.

m Open cuts, abraded or irritated skin should not be exposed to this material.

m Entry into the blood-stream, through, for example, cuts, abrasions or lesions, may produce systemic injury with harmful
effects. Examine the skin prior to the use of the material and ensure that any external damage is suitably protected.

INHALED

= Inhalation of dusts, generated by the material, during the course of normalhandling, may be harmful.

m The material is not thought to produce respiratory irritation (as classified using animal models). Nevertheless inhalation of
‘dusts, or fume, especially for prolonged periods, may produce respiratory discomfort and occasionally, distress.

m Persons with impaired respiratory function, airway diseases and conditions such as emphysema or chronic bronchitis, may
incur further disability if excessive concentrations of particulate are inhaled.

m Effects on lungs are significantly enhanced in the presence of respirableparticles.

m Zirconium workers exposed to:fume for 1-5 years showed no abnormalities due to zirconium. Animal studies also reveal a
low order of hazard from inhaled zirconium.

CHRONIC HEALTH EFFECTS

= Limited evidence suggests that repeated or long-term occupational exposure may produce cumulative health effects involving
organs or biochemical systems. .

Overexposure to respirable dust may cause coughing, wheezing, difficulty in breathing and impaired lung function. Chrenic
symptoms may include decreased vital lung capacity, chest infections

Repeated exposures, in an occupational setting, to high levels of fine- divided dusts may produce a condition known as
pneumoconiosis which is the lodgement of any inhaled dusts in the lung irrespective of the effect. This is particularly true when
a significant number of particles less than 0.5 microns (1/50,000 inch), are present. Lung shadows are seen in the X-ray.
Symptoms of pneumoconiosis may include a progressive dry cough, shortness of breath on exertion (exertional dyspnea),
increased chest expansion, weakness and weight loss. As the disease progresses the cough produces a stringy mucous, vital
capacity decreases further and shortness of breath becomes more severe. Other signs or symptoms include altered breath
sounds, diminished lung capacity, diminished oxygen uptake during exercise, emphysema and pneumothorax (air in lung cavity)
as a rare complication.

Removing workers from possibility of further exposure to dust generally leads to halting the progress of the lung abnormalities.
Where worker-exposure potential is high, periodic examinations with emphasis on lung dysfunctions should be undertaken
Dust inhalation over an extended number of years may produce pneumoconiosis.. Pneumoconiosis is the accumulation of dusts
in the lungs and the tissue reaction in its presence. It is further classified as belng of noncollagenous or collagenous types.
Noncollagenous pneumoconiosis, the benign form, is identified by minimal stromal reaction, consists mainly of reticulin fibres,
an intact alveolar architecture and is potentially reversible.

Zirconium can accumulate in the spleen. Oral administration has not beenshown to cause any ill effects.

Barium compounds may cause high blood pressure, airway irritation and damage the liver, spleen and bone marrow. Prolonged
exposure may cause a lung inflammation and scarring. Symptoms of this include a worsening dry cough, shortness of breath
on exertion, increased chest expansion and weakness. Siringy phlegm in the cough appears later, with more difficulty in
breathing and a further loss of lung capacity. Barium sulfate does not cause permanent scarring of the lungs.

Section 3 - COMPOSITION / INFORMATION ON INGREDIENTS
HAZARD RATINGS

Min Max
Flammability: 0 [ |
Toxicity: 2 I
Body Contact: 2 [ . Min/Nil=0
Low=1

Reactivity: 0 . Moderate=2

) = High=3
Chronic: 2 B "y
NAME CAS RN %
barium zirconate 12009-21-1 >98

Section 4 - FIRST AID MEASURES

SWALLOWED
|

e |F SWALLOWED, REFER FOR MEDICAL ATTENTION, WHERE POSSIBLE, WITHOUT DELAY.

e Where Medical attention is not immediately available or where the patient is more than 15 minutes from a hospital or unless

instructed otherwise:

For advice, contact a Poisons Information Center or a doctor.

Urgent hospital treatment is likely to be needed.

If conscious, give water to drink.

INDUCE vomiting with fingers down the back of the throat, ONLY |F CONSCIOUS. Lean patient forward or place on left

side (head-down position, if possible) to maintain open airway and prevent aspiration.

NOTE: Wear a protective glove when inducing vomiting by mechanical means.

e [n the mean time, qualified first-aid personnel should treat the patient following observation and employing supportive
measures as indicated by the patient's condition.

s |f the services of a medical officer or medical doctor are readily available, the patient should be:placed in his/her care and a
copy of the MSDS should be provided. Further action will be the responsibility of the medical specialist.



* If medical attention is not available on the worksite or surroundings send the patient to a hospital together with a copy of
the MSDS.

EYE

m If this product comes in contact with the eyes:

* Wash out immediately with fresh running water.

e Ensure complete irrigation of the eye by keeping eyelids apart and away from eye and moving the eyelids by occasionally
lifting the upper and lower lids.

e |f pain persists or recurs seek medical attention.

¢ Removal of contact lenses after an eye injury should only be undertaken by skilled personnel.

SKIN

= If skin contact occurs:

e |mmediately remove all contaminated clothing, including footwear

e Flush skin and hair with running water (and soap if available).

o Seek medical attention in event of irritation.

INHALED

u

o [f fumes or combustion products are inhaled remove from contaminated area.

e |ay patient down. Keep warm and rested.

e Prostheses such as false teeth, which may block airway, should be removed, where possible, prior to initiating first aid
procedures.

* Apply artificial respiration if not breathing, preferably with a demand valve resuscitator, bag-valve mask device, or pocket
mask as trained. Perform CPR if necessary.

* Transport to hospital, or doctor.

NOTES TO PHYSICIAN

[ ]

s After ingestion of barium acid salts, severe gastro-intestinal irritation followed by muscle twitching, progressive flaccid
paralysis and severe hypokalemia and hypertension, occurs.

¢ Respiratory failure, renal failure and occasional cardiac dysrhythmias may result from an acute ingestion.

¢ Use sodium sulfate as a cathartic. Add 5-10 gm of sodium sulfate to lavage solution or as fluid supplement to Ipecac syrup
{the sulfate salt is not absorbed)

e Monitor cardiac rhythm and serum potassium closely to establish the trend over the first 24 hours. Large doses of
potassium may be needed to correct the hypokalemia.

» Administer generous amounts of fluid replacement but monitor the urine and serum for evidence of renal failure. [Ellenhorn
and Barceloux: Medical Toxicology]

Section 5 - FIRE FIGHTING MEASURES

Vapour Pressure (mmHG): Negligible
Upper Explosive Limit (%): Not Applicable
Specific Gravity (water=1): 5.52

Lower Explosive Limit (%): Not Applicable
EXTINGUISHING MEDIA

o

s There is no restriction on the type of extinguisher which may be used.
Use extinguishing media suitable for surrounding area.

FIRE FIGHTING

|}

Alert Emergency Responders and tell them location and nature of hazard.
Wear breathing apparatus plus protective gloves for fire only. )
Prevent, by any means available, spillage from entering drains or water course.
Use fire fighting procedures suitable for surrounding area.

Do not approach containers suspected fo be hot.

Coal fire exposed containers with water spray from a protected location.

If safe to do so, remove containers from path of fire.

Equipment should be thoroughly decontaminated after use.

GENERAL FIRE HAZARDS/HAZARDOUS COMBUSTIBLE PRODUCTS
]

e Non combustible.

¢ Not considered to be a significant fire risk, however containers may burn.
May emit poisonous fumes.

May emit corrosive fumes.

FIRE INCOMPATIBILITY

= None known.

PERSONAL PROTECTION
Glasses:

Chemical goggles.

Gloves:

Respirator:

Particulate

Section 6 - ACCIDENTAL RELEASE MEASURES
MINOR SPILLS



Remave all ignition sources.

Clean up ali spills immediately.

Avoid contact with skin and eyes.

Control personal contact by using protective equipment.

Use dry clean up procedures and avoid generating dust.

»  Place in a suitable, labelled container for waste disposal.

MAJOR SPILLS

e Moderate hazard.

e CAUTION: Advise personnel in area,

e Alert Emergency Responders and tell them location and nature of hazard.
e Control personal contact by wearing pretective clothing.
Ll

L]

Prevent, by any means available, spillage from entering drains or water courses.

Recover product wherever possible.

IF DRY: Use dry clean up procedures and avoid generating dust. Collect residues and place in sealed plastic bags or other
containers for disposal. [F WET: Vacuum/shovel up and place in labelled containers for disposal.

ALWAYS: Wash area down with large amountis of water and prevent runoff into drains.

If contamination of drains or waterways occurs, advise emergency services.

ACUTE EXPOSURE GUIDELINE LEVELS (AEGL) (in ppm)
AEGL 1: The airborne concentration of a substance above which it is predicted
that the general population, including susceptible individuals, could

experience notable discomfort, irritation, or certain asymptomatic nonsensory
effects. However, the effects are not disabling and are transient and

reversible upon cessation of exposure.

AEGL 2: The airborne cencentration of a substance above which it is predicted
that the general population, including susceptible individuals, could

experience irreversible or other serious, long-lasting adverse health effects

or an impaired ability to escape. ’

AEGL 3: The airborne concentration of a substance above which it is predicted
that the general population, including susceptible individuals, could

experience life-threatening health effects or death.

Section 7 - HANDLING AND STORAGE
PROCEDURE FOR HANDLING

Avoid all personal contact, including inhalation.

Wear protective clothing when risk of exposure occurs.

Use in a well-ventilated area.

Prevent concentration in hollows and sumps.

DO NOT enter confined spaces until atmosphere has been checked.

DO NOT allow material to contact humans, exposed food or food utensils.
Avoid contact with incompatible materials.

When handling, DO NOT eat, drink or smoke.

Keep containers securely sealed when not in use.

Avoid physical damage to containers.

Always wash hands with soap and water after handling.

Work clothes should be laundered separately.

Launder contaminated clothing before re-use.

Use good occupational work practice.

Observe manufacturer's stering and handling recommendations.
Atmosphere should be regularly checked against established exposure standards to ensure safe working conditions are
maintained.

RECOMMENDED STORAGE METHODS

[ ]

e Polyethylene or polypropylene container.

e Check all containers are clearly labelled and free from leaks.
STORAGE REQUIREMENTS

H

Store in original containers.

Keep containers securely sealed.

Store in a cool, dry, well-ventilated area.

Store away from incompatible materials and foodstuff containers.

Protect containers against physical damage and check regularly for leaks.
Observe manufacturer's storing and handling recommendations.

SAFE STORAGE WITH OTHER CLASSIFIED CHEMICALS




X: Must not be stored fogether
O: May be stored together with specific preventions
+: May be stored together

Section 8 - EXPOSURE CONTROLS / PERSONAL PROTECTION
EXPOSURE CONTROLS

: TWA TWA STEL STEL Peak Peak TWA
Source Material ppm mg/m® ppm  mg/m®. ppm mg/m® FICC Notes
Canada - Alberta Occupational barium zirconate (Zirconium and
b o 10
Exposure Limits compounds, as Zr)
Canada - British Columbia barium zirconate (Zirconium and
. Sl 5 10
Occupational Exposure Limits compounds, as Zr)
US NIOSH Recommended barium zirconate (Zirconium 5 10
Exposure Limits (RELs) compounds (as Zr))
Canada - Quebec Permissible ! ; y .
Exposure Values for Airborne gg;l"unc':u?]l;c;o{n:stezi)z)lrcenlum il 5 10
Contaminants (English) P
US ACGIH Threshold Limit Values barium zirconate (Zirconium - 5 10
(TLV) Compounds (as Zr))
Canada - Ontario Occupational barium zirconate (Zirconium 5 10
Exposure Limits compounds (as zirconium})
US - Tennessee Occupational . B : ; ;
b g . arium zirconate (Zirconium
Exposur_e Limits - Limits For Air compounds (25 Zr)) 5 10
Contaminants
US - Idaho - Limits for Air barium zirconate (Zirconium 5
Contaminants compounds (as Zr))
US - Minnesota Permissible barium zirconate (Zirconium 5 10
Exposure Limits (PELs) compounds (as Zr))
US - California Permissible : ! : :
A ; barium zirconate (Zirconium
Exposur‘e Limits for Chemical compounds, as Zr) 5 10
Contaminants
Canada - Prince Edward Island barium zirconate (Zirconium - 5 10
Occupational Exposure Limits Compounds (as Zr))
Canada - Saskatchewan y ; ’ L
Occupational Health and Safety berium aeenels iz Iiconiny. &g 5 10
; A Y . compounds, (as Zr))
Regulations - Contamination Limits
US - Hawaii Air Contaminant barium zirconate (Zirconium
s 5 10
Limits compounds (as Zr))
Canada - Yukon Permissible ; ; : :
Concentrations for Airborne Esgqunguzr:g:so?: ;ezg)[rcomum - 5 - 10
Contaminant Substances P
US - Washington Permissible barium zirconate (Zirconium
e : ; 5 10
exposure limits of air coentaminants compounds (as Zr))
US - Alaska Limits for Alr barium zirconate (Zirconium
. 5 10
Contaminants compounds (as Zr))
Canada - Northwest Territories ; 3 ’ ;
: i barium zirconate (Zirconium
Occu_pational Exposure Limits compounds (as Zﬁ)) 5 10
(English)
Canada - Nova Scotia barium zirconate (Zirconium - 5 10
Occupational Exposure Limits Compounds (as Zr))
US - Michigan Exposure Limits for barium zirconate (Zirconium 5 10
Air Contaminants compounds {as Zr))
US - Oregon Permissible Exposure barium zirconate (Zirconium 5
Limits (Z21) compounds {(as Zr))
US - Wyoming Toxic and 3 : 3 ;
Hazardous Substances Table Z1 SSILT, 2EorAln (RO 5

Limits for Air Contaminants compounds (as Zr))

besicn barium zirconate (Particulates
lLJ"Smi-tSO(r;%on Fenissile oS not otherwise regulated (PNOR) 5 &

(f) Respirable Fraction)

Canada - Alberta Occupational barium zirconate (Particulate

Exposure Limits Not O_therwise Regulated - 3
Respirable)
EMERGENCY EXPOSURE LIMITS
Material Revised IDLH Value (mg/m3) Revised IDLH Value {(ppm)
barium zirconate 25

MATERIAL DATA



BARIUM ZIRCONATE: )

m The concentration of respirable dust for application of this limit is to be determined from the fraction that penetrates a
separator whose size collection efficiency is described by a cumulative lognormal function with a median aerodynamic diameter
of 4.0 um (+-) 0.3 pm and with a geometric standard deviation of 1.5 pm (+-) 0.1 pm, i.e. less than 5 pm.

OSHA concluded that the recommended TLV-TWA and STEL would protect workers from any significant risk of pulmonary
effects. NIOSH conclude that a separate limit should be considered for zirconium tetrachloride (because of the irritancy of
hydrogen chloride derived from hydrolysis). This was based on a 60-day inhalation study at 6 mg/m3 zirconium tetrachloride
which found an increase in mortality of rats and guinea pigs due fo respiratory infection and reductions in the borderline
statistical significance in circulating hemoglobin and erythrocyte counts in dogs.

The recommended TLV-TWA is based on satisfactory results achieved while employing an internal limit for barium nitrate at a
national laboratory. It is not known what degree of added safety this limit incorporates.

PERSONAL PROTECTION

Consult your EHS staff for recommendations

EYE

=

* Safety glasses with side shields.

Chemical goggles.

¢ Contact lenses pose a special hazard; soft lenses may absorb irritants and all lenses concentrate them. DO NOT wear
contact lenses.

HANDS/FEET

m Suitability and durability of glove type is dependent on usage. Important factors in the selection of gloves include: such as:

¢ frequency and duration of contact,

¢ chemical resistance of glove material, '

® glove thickness and

e dexterity

Select gloves tested to a relevant standard (e.g. Europe EN 374, US F739).

e When prolonged or frequently repeated contact may occur, a glove with a protection class of 5 or higher (breakthrough time
greater than 240 minutes according to EN 374) is recommended.

¢ When only brief contact is expected, a glove with a protection class of 3 or higher (breakthrough time greater than 60
minutes according to EN 374) is recommended.

e Contaminated gloves should be replaced.

Gloves must only be worn on clean hands. After using gloves, hands should be washed and dried thoroughly. Application of a

non-perfumed moisturiser is recommended.

Experience indicates that the following polymers are suitable as glove materials for protection against undissoclved, dry solids,

where abrasive particles are not present.

e polychloroprene

e nitrile rubber

e butyl rubber

e fluorocaoutchouc

* polyvinyl chloride

Gloves should be examined for wear and/ or degradation constantly.

OTHER :

Overalls.

P.V.C. apron.

Barrier cream.

Skin cleansing cream.
Eye wash unit.

Respirators may be necessary when engineering and administrative controls do not adequately prevent exposures.

The decision to use respiratory protection should be based on professional judgment that takes into account toxicity

information, exposure measurement data, and frequency and likelihood of the worker's exposure - ensure users are not

subject to high thermal loads which may result in heat stress or distress due to personal protective equipment (powered,

positive flow, full face apparatus may be an option).

¢ Published occupational exposure limits, where they exist, will assist in determining the adequacy of the selected respiratory
. These may be government mandated or vendor recommended.

e Certified respirators will be useful for protecting workers from inhalation of particulates when properly selected and fit tested
as part of a complete respiratory protection program.

e Use approved positive flow mask if significant quantities of dust becomes airborne.

e Try to avoid creating dust conditions.
RESPIRATOR
L]
Protection Factor Half-Face Respirator Full-Face Respirator Powered Air Respirator
10 x PEL P1 - PAPR-P1
Air-line* - -
50 x PEL Air-line** P2 ; PAPR-P2
100 x PEL - P3 -

Air-ling* -
100+ x PEL - Air-ling** PAPR-P3



* - Negative pressure demand ** - Continuous flow

Explanation of Respirator Codes:

Class 1 low to medium absorption capacity filters.

Class 2 medium absorption capacity filters.

Class 3 high absorption capacity filters.

PAPR Powered Air Purifying Respirator (positive pressure) cartridge.

Type A for use against certain organic gases and vapors.

Type AX for use against low bolling point organic compeunds (less than 65°C).

Type B for use against certain inorganic gases and other acid gases and vapors.

Type E for use against sulfur dioxide and other acid gases and vapors.

Type K for use against ammonia and organic ammonia derivatives

Class P1 intended for use against mechanically generated particulates of sizes most commonly encountered in industry, e.g.
asbestos, silica.

Class P2 intended for use against both mechanically and thermally generated particulates, e.g. metal fume.

Class P3 intended for use against all particulates containing highly toxic materials, e.g.-beryllium.

The local concentration of material, quantity and conditions of use determine the type of personal protective equipment
required.

Use appropriate NIOSH-certified respirator based on informed professional judgement. In conditions where no reasonable
estimate of exposure can be made, assume the exposure is in a concentration |DLH and use NIOSH-certified full face
pressure demand SCBA with a minimum service life of 30 minutes, or a combination full facepiece pressure demand SAR with
auxiliary self-contained air supply. Respirators provided only for escape from IDLH atmospheres shall be NIOSH-certified for
escape from the atmosphere in which they will be used.

ENGINEERING CONTROLS

= Local exhaust ventilation usually required. If risk of overexposure exists, wear an approved respirator. Correct fit is essential
to obtain adequate protection an approved self contained breathing apparatus (SCBA) may be required in some situations.
Provide adequate ventilation in warehouse or closed storage area.

Air contaminants generated in the workplace possess varying "escape" velocities which, in turn, determine the "capture
velocities" of fresh circulating air required to effectively remove the contaminant.

Type of Contaminant: Air Speed:

solvent, vapors, degreasing etc., evaporating from tank (in still 5 5 4 5 s

air). (50-100 f/min.)

aerosols, fumes from pouring operations, intermittent
container filling, low speed conveyer transfers, welding, spray
drift, plating acid fumes, pickling (released at low velocity into
zone of active generation)

0.5-1 m/s (100-200 f/min.)

direct spray, spray painting in shallow booths, drum filling,
conveyer loading, crusher dusts, gas discharge (active ©1-2.5 m/s (200-500 f/min.)
generation into zone of rapid air motion)

grinding, abrasive blasting, tumbling, high speed wheel
generated dusts (released at high initial velocity into zone of  2.5-10 m/s (500-2000 f/min.)
very high rapid air motion).

Within each range the appropriate value depends on:

Lower end of the range Upper end of the range

1: Room air currents minimal or favorable to capture 1: Disturbing room air currents
2: Contaminants of low toxicity or of nuisance value only. 2: Contaminants of high toxicity
3: Intermittent, low production. 3: High production, heavy use
4: Large hood or large air mass in motion 4: Small hood-local control only

Simple theory shows that air velocity falls rapidly with distance away from the opening of a simple extraction pipe. Velocity
generally decreases with the square of distance from the extraction point (in simple cases). Therefore the air speed at the
extraction point should be adjusted, accordingly, after reference to distance from the contaminating source, The air velocity at
the extraction fan, for example, should be a minimum of 1-2 m/s (200-400 f/min) for extraction of solvents generated in a tank
2 meters distant from the extraction point. Other mechanical considerations, producing performance deficits within the
extraction apparatus, make it essential that theoretical air velocities are multiplied by factors of 10 or more when extraction
systems are installed or used. '

Section 9 - PHYSICAL AND CHEMICAL PROPERTIES

PHYSICAL PROPERTIES

Solid.
Does not mix with water,
Sinks in water.

State Divided solid Molecular Weight 276.56
Melting Range (°F) 4532~ Viscosity Not Applicable
Boiling Range (°F). Not available Solubility in water (g/L} Partly miscible
Flash Point (°F) Not Applicable pH (1% solution) Not applicable
Decomposition Temp (°F) Not available. . pH (as supplied) Not applicable
Autoignition Temp (°F) Not available Vapour Pressure (mmHG) Negligible
Upper Explosive Limit (%) Not Applicable Specific Gravity (water=1) 552

Lower Explosive Limit (%) Not Applicable Relative Vapor Density (air=1) Not Applicable
Volatile Component (%vol) -Negligible Evaporation Rate Not applicable

APPEARANCE



Off-white powder; does not mix well with water.

Section 10 - CHEMICAL STABILITY
CONDITIONS CONTRIBUTING TO INSTABILITY

|}

e Presence of incompatible materials.

e Product is considered stable.

e Hazardous polymerization will not occur.

STORAGE INCOMPATIBILITY
|

o WARNING: Avoid or control reaction with peroxides. All transition metal peroxides should be considered as potentially
explosive. For example transition metal complexes of alkyl hydroperoxides may decompose explosively.

® The pi-complexes formed between chromium(0), vanadium(0) and other transition metals (haloarene-metal complexes) and
mono-or poly-fluorobenzene show extreme sensitivity to heat and are explosive.

® Avoid reaction with borohydrides or cyanoborohydrides

None known.

For incompatible materials - refer to Section 7 - Handling and Storage.

Section 11 - TOXICOLOGICAL INFORMATION

barium zirconate

TOXICITY AND IRRITATION
m unless otherwise specified data extracted from RTECS - Register of Toxic Effects of Chemical Substances.

TOXICITY IRRITATION

Oral (rat) LD50: 1980 mg/kg Nil Reported

Intraperitoneal (rat) LD50: 420 mglkg

CARCINOGEN

Barium and Compounds US EPA Carcinogens Listing Carcinogenicity D

Egﬁ‘g‘;‘*a”d Compounds (Inhalation US EPA Carcinogens Listing Carcinogenicity CBD

Barium and Compounds '(Dral Route)* US EPA Carcinegens Listing Carcinogenicity NL

Barium and Compounds us ACGIH Threshold Limit Values (TLV) - Carcinogen D
Carcinogens Category

Barium and Compounds (Inhalation US ACGIH Threshold Limit Values (TLV) - Carcinogen CBD

Route)* Carcinogens Category

Barium and Compounds (Oral Route)* us ACG\H Threshold Limit Values (TLV) - Carcinogen NL
Carcinogens Category

Zirconium - Compounds (as Zr) gs ACGIH Threshold Limit Values (TLV) - Carcinogen Ad

arcinogens Category

Section 12 - ECOLOGICAL INFORMATION

Refer to data for ingredients, which follows:

BARIUM ZIRCONATE:

m For barium and its compounds:

Environmental fate:

Under natural conditions, barium is stable in the +2 valence state and is found primarily in the form of inorganic complexes.
Conditions such as pH, Eh (oxidation-reduction potential), cation exchange capacity, and the presence of sulfate, carbonate,
and metal oxides (e.g., oxides of aluminum, manganese, silicon, and titanium) will affect the partitioning of barium and its
compounds in the environment. The major features of the biogeochemical cycle of barium include wet and dry deposition to
land and surface water, leaching from geclogical formations to groundwater, adsorption to soil and sediment particulates, and
biomagnification in terrestrial and aquatic food chains.

Barium is a highly reactive metal that occurs naturally only in a combined state. The element is released to environmental
media by both natural processes and anthropogenic sources.

The general population is exposed to barium through consumption of drinking water and foods, usually at low levels. Most
barium released to the environment from industrial sources is in forms that do not become widely dispersed. In the
atmosphere, barium is likely to be present in particulate form. Although chemical reactions may cause changes in speciation of
barium in air, the main mechanisms for the removal of barium compounds from the atmosphere are likely to be wet and dry
deposition.

In aquatic media, barium is likely to precipitate out of solution as an insoluble szlt (i.e., as BaS04 or BaCO3). Waterborne
barium may also adsorb to suspended particulate matter through the formation of ion pairs with natural anions such as
bicarbonate or sulfate in the matter,

Precipitation of barium sulfate salts is accelerated when rivers enter the ocean because of the high sulfate content (905 mg/L)
in the ocean. It is estimated that only 0.006% of the fotal barium input into oceans from freshwater sources remains in solution.
Sedimentation of suspended solids removes a large portlon of the barium content from surface waters. There is evidence to
suggest that the precipitation of barium from the surface of fresh and marine waters occurs, in part, as the result of the barite
crystal formation in microorganisms.

Barium in sediments is found largely In the form of barium sulfate (barite). Coarse silt sedimant in a turbulent environment will
often grind and cleave the barium sulfate from the sediment particles leaving a buildup of dense barites, Estimated soil:water
distribution coefficients (Kd) (i.e., the ratio of the quantity of barium sorbed per gram of sorbent to the concentration of barium



remaining in solution at equilibrium) range from 200 to 2,800 for sediments and sandy loam soils. The uptake of barium by fish
and marine organisms is also an important removal mechanism. Barium levels in sea water range from 2 to 63 pg/L with a
mean concentration of about 13 pg/L. Barium was found to bioconcentrate in marine plants by a factor of 400-4,000 times the
level present in the water. Bioconcentration factors in marine animals, plankton, and brown algae of 100, 120, and 260,
respectively, have been reported. In freshwater, a bioconcentration factor of 129 was estimated in fish where the barium in
water was 0.07 mg/L.

Barium added to soils (e.g., from the land farming of waste drilling muds) may either be taken up by vegetation or transported
through soil with precipitation. Relative to the amount of barium found in soils, little is typically bioconcentrated by plants. For
example, a bioconcentration factor of 0.4 has been estimated for plants in a Virginia floodplain with a barium soil concentration
of 104.2 mg/kg. However, there are some plants, such as legumes, forage plants, Brazil nuts, and mushrooms that accumulate
barium. Bioconcentration factors from 2 to 20 have been reported for tomatoes and soybeans.

Barium is not very mobile in most soil systems, due to the formation of water-insoluble salts and an inability of the barium ion
to form soluble complexes with fulvic and humic acids. The rate of transportation of barium in soil is dependent on the
characteristics of the soil material. Soil properties that influence the transportation of barium to groundwater are cation
exchange capacity, calcium carbonate (CaCO3) content and pH. In soil with a high cation exchange capacity (e.g., fine
textured mineral soils or soils with high organic matter content), barium mobility will be limited by adsorption. High CaCQO3
content limits mobility by precipitation of the element as BaCO3. Barlum will also precipitate as barium sulfate in the presence
of sulfate ions. Barium is more mobile and is more likely to be leached from soils in the presence of chloride due to the high
solubility of barium chloride as compared to other chemical forms of barium. Barium may become more mobile in soils under
acid conditions as barium in water-insoluble salts, such as barium sulfate and carbonate, becomes more soluble. Barium
complexes with fatty acids (e.g., in acidic landfill leachate) will be much more mobile in the soil due to the lower charge of
these complexes and subsequent reduction in adsorption capacity.

m Soluble salts of zirconium are moderately toxic to algae and fish. Zirconium is more toxic in soft water than in hard water.
The toxicity of zirconium salts and zirconium complexes with organic acids are expected to be related to their water solubilities
and their octanol/ water partition coefficient (Kow). Compounds with molecular weights exceeding 1000 are not expected to be
absorbed by aquatic organisms even if they are water soluble. Only water-soluble zirconium compounds with a molecular
weight of less than 1000 are expected to be toxic.

m DO NOT discharge into sewer or waterways.

Section 13 - DISPOSAL CONSIDERATIONS

US EPA Waste Number & Descriptions

A. General Product Information

Toxicity characteristic: use EPA hazardous waste number D005 (waste code E) if this substance, in a solid waste, produces an
extract containing greater than 100 mg/L of barium.

Disposal Instructions

All waste must be handled in accordance with local, state and federal regulations.

! Puncture containers to prevent re-use and bury at an authorized landfill.

Legislation addressing waste disposal requirements may differ by country, state and/ or territory. Each user must refer to laws
operating in their area. In some areas, certain wastes must be tracked.

A Hierarchy of Controls seems to be common - the user should investigate:

e Reduction

e Reuse

* Recycling

e Disposal (if 2ll else fails)

This material may be recycled if unused, or if it has not been contaminated so as to make it unsuitable for its intended use.
Shelf life considerations should also be applied in making decisions of this type. Note that properties of a material may change
in use, and recycling or reuse may not always be appropriate.

DO NOT allow wash water from cleaning equipment to enter drains. Collect all wash water for treatment before disposal.

¢ Recycle wherever possible-or consult manufacturer for recycling options.

¢ Consult Waste Management Authority for disposal.

= Bury residue in an authorized landfill.

s Recycle containers where possible, or dispose of in an authorized landfill.

Section 14 - TRANSPOR_TATION INFORMATION

NOT REGULATED FOR TRANSPORT OF DANGERQUS GOODS: DOT, IATA, IMDG

Section 15 - REGULATORY INFORMATION

barium zirconate (CAS: 12009-21-1) is found on the following regulatory lists;
"Canada Non-Domestic Substances List (NDSL)","US Toxic Substances Control Act (TSCA) - Inventory"

Section 16 - OTHER INFORMATION

LIMITED EVIDENCE

m Cumulative effects may result following exposure®,
m May produce skin discomfort®.

* (limited evidence).

Reasonable care has been taken in the preparation of this information, but the author makes no warranty
of merchantability or any other warranty, expressed or implied, with respect to this information. The author
makes no representations and assumes no liability for any direct, incidental or consequential damages
resulting from its use. For additional technical information please call our toxicology department on +800



CHEMCALL.

a Classification of the mixture and its individual components has drawn on official and authoritative sources as well as
independent review by the Chemwatch Classification committee using available literature references.
A list of reference resources used to assist the commitiee may be found at:

- www.chemwatch net/references.

a The (M)SDS is a Hazard Communication tool and shouid be used to assist in the Risk Assessment. Many factors determine
whether the reported Hazards are Risks in the workplace or cther settings. Risks may be determined by reference to
Exposures Scenarios. Scale of use, frequency of use and current or available engineering controls must be considered.

This document is copyright. Apart from any fair dealing for the purposes of private study, research, review
or criticism, as permifted under the Copyright Act, no part may be reproduced by any process without
written permission from CHEMWATCH. TEL (+61 3) 9572 4700.

Issue Date: Dec-21-2009
Print Date:Apr-22-2010
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1. PRODUCT AND COMPANY IDENTIFICATION

Product name . . Barium zirconate
Product Number ;. 631884

Brand : Aldrich

Company : Sigma-Aldrich

3050 Spruce Street
SAINT LOUIS MO 63103

USA
Telephone . +18003255832
Fax . +18003255052
Emergency Phone # . (314) 776-6555

2. HAZARDS IDENTIFICATION
Emergency Overview

OSHA Hazards
Target Organ Effect, Toxic by inhalation., Harmful by ingestion.

Target Organs
Damage to the lungs.

GHS Label elements, including precautionary statements

Pictogram @

Signal word Warning

Hazard statement(s)

H302 + H332 Harmful if swallowed or if inhaled.
Precautionary none

statement(s)

HMIS Classification

- Health hazard: 2
Chronic Health Hazard: *
Flammability: 0
Physical hazards: 0
NFPA Rating
Health hazard: 2
Fire: 0
Reactivity Hazard: 0
Potential Health Effects
Inhalation Toxic if inhaled. May cause respiratory tract irritation.
Skin Harmful if absorbed through skin. May cause skin irritation.
Eyes May cause eye irritation.
Ingestion Harmful if swallowed.

3. COMPOSITION/INFORMATION ON INGREDIENTS

Formula . BaOgZr .
Aldrich - 631884 Page 1 of 6



Molecular Weight . 276,55 g/mol

CAS-No. | EC-No. ' | Index-No. | Concentration

Barium zirconium trioxide
12009-21-1 |234—546-8 | 056-002-00-7 i -

4. FIRST AID MEASURES

General advice '
Consult a physician. Show this safety data sheet to the doctor in attendance.Move out of dangerous area.

If inhaled
If breathed in, move person into fresh air. If not breathing, give artificial respiration. Consulf a physician.

In case of skin contact
Wash off with soap and plenty of water. Consult a physician.

In case of eye contact
Flush eyes with water as a precaution. -

If swallowed , '
Never give anything by mouth to an unconscious persan. Rinse mouth with water. Consult a physician.

5. FIRE-FIGHTING MEASURES

. Suitable extinguishing media
Use water spray, alcohol-resistant foam, dry chemical or carbon dioxide.

Special protective equipment for fire-fighters
Wear self contained breathing apparatus for fire ﬂghtlng if necessary.

6. ACCIDENTAL RELEASE MEASURES

Personal precaut[ons ' ) ' e e
Use personal protective equipment. Avoid dust formation. Avoid breathing vapors, mist or gas. Ensure adequate
ventilation. Avoid breathing dust. .

Environmental precautions
- Do not let product enter drains.

Methods and materials for containment and cleaning up _
Pick up and arrange disposal without creating dust. Sweep up and shovel. Keep in suitable, closed containers for
disposal.

7. HANDLING AND STORAGE

Precautions for safe handling
Avoid contact with skin and eyes. Avoid formation of dust and aerosols.
Provide appropriate exhaust ventilation at places where dust is formed. Normal measures for preventive fire protection.

Conditions for safe storage .
Keep container tightly closed in a dry and well-ventilated place.

Keep in a dry place.

8. EXPOSURE CONTROLS/PERSONAL PROTECTION
Components with workplace control parameters

Components CAS-No. Value Control Update Basis

parameters
Barjum zirconium | 12009-21-1 | TWA 5 mg/m3 1997-08-04 USA, Occupational Exposure Limits
trioxide (OSHA) - Table Z-1 Limits for Air
Contaminants

Aldrich - 631884 ' Page 2 of 6



! TWA 5 mg/m3 2007-01-01 USA. ACGIH Threshold Limit Values
{TLV)
Remarks Not classifiable as a human carcinogen: Agents which cause concern that they could be

carcinogenic for humans but which cannot be assessed conclusively because of a lack of data. in
vitro or animal studies do not provide indications of carcinogenicity which are sufficient to classify
the agent into one of the other categories.

STEL 10 mg/m3 2007-01-01 USA. ACGIH Threshold Limit Values
{TLV)

Not classifiable as a human carcinogen: Agents which cause concern that they could be
carcinogenic for humans but which cannot be assessed conclusively because of a lack of data. In
vitra ar animal studies do not provide indications of carcinogenicity which are sufficient to classify
the agent into one of the other categories.

TWA 5 mg/m3 1989-01-19 USA. OSHA - TABLE Z-1 Limits for Air
Contaminants - 1910.1000

STEL 10 mg/m3 1989-01-19 USA. OSHA - TABLE Z-1 Limits for Air
Contaminants - 1910.1000

Personal protective equipment

Respiratory protection

For nuisance exposures use type P95 (US) or type P1 (EU EN 143} particle respirator.For higher level protection
use type OVIAG/PS9 (US) or type ABEK-P2 (EU EN 143) respirator cartridges. Use respirators and components
tested and approved under appropriate government standards such as NIOSH (US) or CEN (EU).

Hand protection

Handle with gloves. Gloves must be inspected prior to use. Use proper glove removal technigue (without touching
glove's outer surface) to avoid skin contact with this product. Dispose of contaminated gloves after use in
accordance with applicable laws and good laboratory practices. Wash and dry hands.

Eye protection
Safety glasses with side-shields conforming to EN166 Use equipment for eye protection tested and approved under
appropriate government standards such as NIOSH (US) or EN 166(EL)).

Skin and body prbtection
Complete suit protecting against chemicals, The type of protective equipment must be selected according to the
concentration and amount of the dangerous substance at the specific workplace.

Hygiene measures
Handle in accordance with good industrial hygiene and safety practice. Wash hands before breaks and at the end of
workday.

9. PHYSICAL AND CHEMICAL PROPERTIES

Appearance
Form powder

Safety data
pH no data available
Melting point no data available
Boiling point no data available
Flash point not applicable

Ignition temperature  no data available
Lower explosion limit  no data available
Upper explosion limit  no data available
Density 5.52 glem3 at 25 °C (77 °F)
Water solubility no data available
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10. STABILITY AND REACTIVITY

Chemical stabifity
Stable under recommended storage conditions.

Conditions to avoid
no data available

Materials to avoid
Strong oxidizing agents, Strong acids.

Hazardous decomposition products
Hazardous decomposition products formed under fire conditions. - Barium oxide, Zirconium oxides

11. TOXICOLOGICAL INFORMATION

Acute toxicity
LD50 Oral - rat - 1,980 mg/kg

Skin corrosionfirritation
no data available

Serious eye damage/eye irritation
no data available

Respiratory or skin sensitization
no data available

Germ cell mutagenicity

no data available
Carcinogenicity

This product is or contains a component that is not classifiable as to its carcinogenicity based on its IARC, ACGIH, NTP,
or EPA classification. .

IARC: No component of this product present at levels greater than or equal to 0.1% is identified as probable,
possible or confirmed human carcinogen by IARC.

ACGIH: No component of this prdduct present at levels greater than.or equal to 0.1% is identified as a
: Carcmogen or potential carcinogen by ACGIH.

NTP; No component of this preduct present at levels greater than or equal to 0.1% is identified as a known or
anticipated carcinogen by NTP.

OSHA: No component of this product present at levels greater than or equal to 0.1% is identified as a
carcinogen or potential carcinogen by OSHA.

Reproductive toxicity

no data available

Specific target organ toxicity - single exposure {Globally Harmonized System)
no data available

Specific target organ toxicity - repeated exposure {Globally Harmonized System)
no data available

Aspiration hazard
no data available

Potential health effects

Inhalation Toxic if inhaled. May cause respiratory tract irmtation.
Ingestion Harmful if swallowed.

Skin Harmful if absorbed through skin. May cause skm irritation.
Eyes May cause eye irritation.
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Signs and Symptoms of Exposure
Damage to the lungs., To the best of our knowledge, the chemical, physical, and toxicological properties have not been
thoroughly investigated., Prolonged inhalation of dust may cause baritosis, a benign pneumoconiosis. If ingested, the

presence of soluble barium salts as impurities may cause toxic reactions due to bioaccumulation., Nausea, Vomltlng
Diarrhoea

Additional Information
RTECS: CR0875000

12. ECOLOGICAI__ INFORMATION
Toxicity IS
no data available

Persistence and degradability
no data available

Bioaccumulative potential
no data available

Mobility in soil
no data available

PBT and vPvB assessment
no data available

" Other adverse effects

no data available

13. DISPOSAL CONSIDERATIONS

Product

Offer surplus and non-recyclable solutlons to a licensed disposal company. Contact a licensed professmnal waste
disposal service to dispose of this material.

Contaminated packaaging
Dispose of as unused product.

14. TRANSPORT INFORMATION
DOT (Us) .
Not dangerous goods

IMDG
Not dangerous gocds

IATA
Not dangerous goods

15. REGULATORY INFORMATION

OSHA Hazards
Target Organ Effect, Toxic by inhalation., Harmful by ingestion,

DSL Status

This product contains the following components listed on the Canadian NDSL. list. Ali other components are on the
Canadian DSL list.

. CAS-No.
Barium zirconium trioxide 12009-21-1
SARA 302 Components
SARA 302: No chemicals in this material are subject to the reporting requirements of SARA Title lll, Saction 302.

SARA 313 Components

] CAS-No. Revision Date
Barium zirconium trioxide 12009-21-1 - 2007-07-01
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SARA 311/312 Hazards
Acute Health Hazard, Chronic Health Hazard

Massachusetis Right To Know Components
No components are subject to the Massachusetts Right to Know Act.

Pennsylvania Right To Know Components

CAS-No. Revision Date
Barium zirconium trioxide 12009-21-1 2007-07-01
New Jersey Right To Know Components
. : _ CAS-No. Revision Date
Barium zirconium frioxide 12008-21-1 2007-07-01

California Prop. 65 Components
This product does not contain any chemicals known to State of California to cause cancer, birth defects, or any other
reproductive harm.

16. OTHER INFORMATION

Further information .

Copyright 2010 Sigma-Aldrich Co. License granted to make unlimited paper coples for internal use only.

The above information is believed to be correct but does not purport to be all inclusive and shall be used only as a
guide. The information in this document is based on the present state of our knowledge and is applicable to the
product with regard to appropriate safety precautions. It does not represent any guarantee of the properties of the
product. Sigma-Aldrich Co., shall not be held liable for any damage resulting from handling or from contact with the
above product. See reverse side of invoice or packing slip for additional terms and conditions of sale.
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Material Safety Data Sheet

v-J

I Hewwr 0 (Qntion
T M e o1 T g :
Hezard Mert Goda EXTREME E“‘J K ﬁﬁr' e MODERATE - Low
Key: Tl Nl

Section 1 - CHEMICAL PRODUCT AND COMPANY IDENTIFICATION
PRODUCT NAME

Strontium titanate

STATEMENT OF HAZARDOUS NATURE

lCONSIDERED A HAZARDOQUS SUBSTANCE ACCORDING TO OSHA 29 CFR 1910.1200. I
NFPA

H EALTZAZARD

SUPPLIER

Company: Santa Cruz Biotechnology, Inc.
Address:

2145 Delaware Ave

Santa Cruz, CA 95060

Telephone: 800.457.3801 or 831.457.3800

Emergency Tel: CHEMWATCH: From within the US and
Canada: 877-715-9305

Emergency Tel: From outside the US and Canada: +800 2436
2255 (1-800-CHEMCALL) or call +613 9573 3112

PRODUCT USE
Flux.

SYNONYMS
SrO.TiO3, Sr-Ti-03

Section 2 - HAZARDS IDENTIFICATION
CANADIAN WHMIS SYMBOLS

EMERGENCY OVERVIEW
RISK

POTENTIAL HEALTH EFFECTS
ACUTE HEALTH EFFECTS

SWALLOWED

= Accidental ingestion of the material may be damaging to the health of the individual.

m Strontium salts induce vomiting and diarrhea when swallowed in large quantity. Absorbed strontium may produce painful
contractions of the limbs and may be involved in abnormalities of the heart.

m Dusts of titanium and titanium compounds are thought to exhibit litle orno toxic effects.

EYE

m Although the material is not thought to be an irritant, direct contact with the eye may cause transient discomfort



characterized by tearing or conjunctival redness (as with windburn). Slight abrasive damage may also result. The material may
produce foreign body irritation in certain individuals.

SKIN

u The material is not thought to produce adverse health effects or skin irritation following contact (as classifled using animal
models). Nevertheless, good hygiene practice requires that exposure be kept to a minimum and that suitable gloves be used in
an occupational setting.

= Open cuts, abraded or irritated skin should not be exposed to this material.

m Entry into the blood-stream, through, for example, cuts, abrasions or lesions, may produce systemic injury with harmful
effects. Examine the skin prior to the use of the material and ensure that any external damage is suitably protected.
INHALED ’

m The material is not thought to produce respiratory irritation (as classified using animal models). Nevertheless inhalation of
dusts, or fume, especially for prolonged periods, may produce respiratory discomfort and occasionally, distress.

m [nhalation of dusts, generated by the material during the course of normal handling, may be damaging to the health of the
individual.

m Persons with impaired respiratory function, airway diseases and conditions such as emphysema or chronic bronchitis, may
incur further disability if excessive concentrations of particulate are inhaled.

m Effects on lungs are significantly enhanced in the presence of respirableparticles.

CHRONIC HEALTH EFFECTS

= Limited evidence suggests that repeated or long-term occupational expesure may produce cumulative health effects involving
organs or biochemical systems.

Overexposure to respirable dust may cause coughing, wheezing, difficulty in breathing and impaired lung function. Chronic
symptoms may include decreased vital lung capacity, chest infections

Repeated exposures, in an occupational setting, to high levels of fine- divided dusts may produce a condition known as
pneurmocoeniosis which is the lodgement of any inhaled dusts in the lung irrespective of the effect. This is particularly true when
a significant number of particles less than 0.5 microns (1/50,000 inch), are present. Lung shadows are seen In the X-ray.
Symptoms of pneumoconiosis may include a progressive dry cough, shortness of breath on exertion {exertional dyspnea),
increased chest expansion, weakness and welght loss. As the disease progresses the cough produces a stringy mucous, vital
capacity decreases further and shortness of breath becomes more severe. Other signs or symptoms include altered breath
sounds, diminished |lung capacity, diminished oxygen uptake during exercise, emphysema and pneumothorax (air in lung cavity)
as a rare complication.

Removing workers from possibility of further exposure to dust generally leads to halting the progress of the lung abnormalities.
Where worker-exposure potential is high, periodic examinations with emphasis on lung dysfunctions should be undertaken
Dust inhalation over an extended number of years may preduce pneumoconiosis.. Pneumoconiosis is the accumulation of dusts
in the lungs and the tissue reaction in its presence. It is further classified as being of noncollagenous or collagenous types.
‘Noncollagenous pneumoconiosis, the benign form, is identified by minimal stromal reaction, consists mainly of reticulin fibres,
an intact alveolar architecture and is potentlally reversible.

Strontium accumulates in teeth and bone, especially in the growth plates of rapidly growing bone. A chronic diet high in
strontium and low in calcium produces severe bone deformities, inco-ordination, weakness and paralysis, Most health concemns
related to strontium arise from radioisotopes of strontium which occur in "fall-out" following testing of nuclear weapons.

Long term exposure to titanium and several of its compounds produces lung scarring and chronic bronchitis. Breathing is
impaired and cardiac changes with right heart enlargements occur. There is an increased chance of developing cancers of the
respiratory tract.

Section 3 - COMPOSITION / INFORMATION ON INGREDIENTS
HAZARD RATINGS

=
5
=
R

Flammability:

o0 W
Toxicity: : I
Body Contact: 0 . Min/Nil=0
Low=1

Reactivity: 0 i Moderate=2

) High=3
Chronic: 2 N =
NAME CAS RN %
strontium titanate 12060-59-2 >08

Section 4 - FIRST AID MEASURES

SWALLOWED
u

e [f swallowed do NOT induce vomiting.

e If vomiting occurs, lean patient forward or place on left side (head-down position, if possible) to maintain open airway and

prevent aspiration.

Observe the patient carefully. .

Never give liquid to a person showing signs of being sleepy or with reduced awareness; i.e. becoming unconscious.

Give water to rinse out mouth, then provide liquid slowly and as much as casualty can comfortably drink.

Seek medical advice.

EYE

m [f this product comes in contact with the eyes:

e \Wash out immediately with fresh running water.

s Ensure complete irrigation of the eye by keeping eyelids apart and away from eye and moving the eyelids by occasionally
lifting the upper and lower lids.

= |f pain persists or recurs seek medical attention.



* Removal of contact lenses after an eye injury should only be undertaken by skilled personnel.
SKIN

m If skin or hair contact occurs:

e Flush skin and hair with running water (and soap if available).

¢ Seek medical attention in event of irritation.

INHALED

|

e |f fumes or combustion products are inhaled remove from contaminated area.

= Lay patient down. Keep warm and rested.
L]

Prostheses such as false -teeth, which may block airway, should be removed, where possible, prior to initiating first aid
procedures.

e Apply artificial respiration if not breathing, preferably with a demand valve resuscitator, bag-valve mask device, or pocket
mask as trained. Perform CPR if necessary.
e Transport to hospital, or doctor.

NOTES TO PHYSICIAN

m Treat symptomatically.

Section 5 - FIRE FIGHTING MEASURES

Vapour Pressure (mmHG): Not applicable.
Upper Explosive Limit (%): Not applicable
Specific Gravity (water=1): 4.810

Lower Explosive Limit (%): Not applicable
EXTINGUISHING MEDIA

"

¢ There is no restriction on the type of extinguisher which may be used.
Use extinguishing media suitable for surrounding area.

FIRE FIGHTING

n

Alert Emergency Responders and tell them location and nature of hazard.
Wear breathing apparatus plus protective gloves for fire only.

Prevent, by any means available, spillage from entering drains or water course.
Use fire fighting procedures suitable for surrounding area.

Do not approach containers suspected to be hot.

Cool fire exposed containers with water spray from a protected location.
If safe to do so, remove containers from path of fire.

Equipment should be thoroughly decontaminated after use.

GENERAL FIRE HAZARDS/HAZARDOUS COMBUSTIBLE PRODUCTS
[ ]

e Non combustible.

= Not considered to be a significant fire risk, however containers may burn.
May emit poisonous fumes.

FIRE INCOMPATIBILITY

m None known.

PERSONAL PROTECTION
Glasses:

Chemical goggles.

Gloves:

Respirator:

Particulate

Section 6 - ACCIDENTAL RELEASE MEASURES
MINOR SPILLS

Remove all ignition sources.

Clean up all spills immediately.

Avoid contact with skin and eyes.

Control personal contact by using protective equipment.

Use dry clean up procedures and avoid generating dust.

e Place in a suitable, labelled container for waste disposal.

MAJOR SPILLS

u Moderate hazard.

e CAUTION: Advise personnel in area.

e Alert Emergency Responders and tell them location and nature of hazard.
e Control personal contact by wearing protective clothing.
L]

L]

L]

Prevent, by any means available, spillage from entering drains or water courses.

Recover product wherever possible.

IF DRY: Use dry clean up procedures and avoid generating dust. Collect residues and place in sealed plastic bags or other
containers for disposal. IF WET: Vacuum/shovel up and place in labelled containers for disposal.

ALWAYS: Wash area down with large amounts of water and prevent runcff into drains.

If contamination of drains or waterways occurs, advise emergency services.



ACUTE EXPOSURE GUIDELINE LEVELS (AEGL) (in ppm)
AEGL 1: The airborne concentration of a substance above which it is predicted
that the general population, including susceptible individuals, could

experience notable discomfort, irritation, or certain asymptomatic nonsensory
effects. However, the effects are not disabling and are transient and

reversible upon cessation of exposure.

AEGL 2: The airborne concentration of a substance above which it is predicted
that the general population, including susceptible individuals, could

experience irreversible or other serious, long-lasting adverse health effects

or an impaired ability to escape.

AEGL 3: The airborne concentration of a substance above which it is predicted
that the general population, including susceptible individuals, could

experience life-threatening health effects or death,

Section 7 - HANDLING AND STORAGE
PROCEDURE FOR HANDLING

Avoid all personal contact, including inhalation.

Wear protective clothing when risk of exposure occurs.

Use in a well-ventilated area.

Prevent concentration in hollows and sumps.

DO NOT enter confined spaces until aimosphere has been checked.
DO NOT allow material to contact humans, exposed food or food utensils.
Avoid contact with incompatible materials.

When handling, DO NOT eat, drink or smoke.

Keep containers securely sealed when not in use.

Avoid physical damage to containers.

Always wash hands with soap and water after handling.

Work clothes should be laundered separately.

Launder contaminated clothing before re-use.

Use good occupational work practice,

Observe manufacturer's storing and handling recommendations.

Atmosphere should be regularly checked against established exposure standards to ensure safe working conditions are
maintained.

RECOMMENDED STORAGE METHODS

L] i

e Polyethylene or polyprepylene container.

s Check all containers are clearly labelled and free from leaks.
STORAGE REQUIREMENTS

Store in original containers.

Keep containers securely sealed.

Store in a cool, dry, well-ventilated area.

Store away from incompatible materials and foodstuff containers.

Protect containers against physical damage and check regularly for leaks.
Observe manufacturer's storing and handling recommendations.

SAFE STORAGE WITH OTHER CLASSIFIED CHEMICALS

+ + + + X +

X: Must not be stored logsther
O: May be stored together with specific preventions
+: May be stored together

Section 8 - EXPOSURE CONTROLS / PERSONAL PROTECTION
EXPOSURE CONTROLS |

TWA TWA STEL STEL Peak Peak TWA

Source Material ppm mg/m® ppm  mg/m® ppm mg/m® FICG Notes
US - Oregon Permissible strontium titanate (Inert or 10 *
Exposure Limits (Z3) Nuisance Dust: (d) Total dust)

ik - streontium titanate (Inert or
L8 B Farni st Nuisance Dust: {d) Respirable b *

Exposure Limits (£3) fraction)

US OSHA Permissible Exposure  strontium titanate (Inert or is



Levels (PELs) - Table Z3 Nuisance Dust: (d) Total dust) 5

US OSHA Permissible Exposure strontium titanate (Inert or

Levels (PELS) - Table 23 Nuisance Dust: (d) Respirable 5
fraction)
) . ; strontium titanate (Particulates
Eiﬁ'.itsHawa" Air Contaminsnl not other wise regulated - Total 10
dust)
’ &) e . strontium titanate (Particulates
Eiﬁ’lit SHawau A Eoramead not other wise regulated - B

Respirable fraction)

US - Michigan Exposure Limits strontium titanate (Particulates

: : not otherwise regulated, 5
for Air Contaminants Respirable dust)
US - Wyoming Toxic and strontium titanate (Particulates
Hazardous Substances Table Z1 not otherwise regulated 5
Limits for Air Contaminants (PNOR)(f)- Respirable fraction)
US - Tennessee Occupational  strontium titanate (Particulates
Exposure Limits - Limits For Air  not otherwise regulated 5
Contaminants Respirable fraction)
. strontium titanate (Particulate Not
Canada - Alberta Ocoupational o gryjse Reguiated - 3
Respirable)

strontium titanate (Particulates
not otherwise regulated (PNOR) 5 *
(f) Respirable Fraction)

US - Oregon Permissible
Exposure Limits (Z1)

MATERIAL DATA

STRONTIUM TITANATE: .

m It is the goal of the ACGIH (and other Agencies) to recommend TLVs (or their equivalent) for all substances for which there
is evidence of health effects at airborne concentrations encountered in the workplace.

At this time no TLV has been established, even though this material may produce adverse health effects (as evidenced in
animal experiments or clinical experience). Airborne concentrations must be maintained as low as is practically possible and
occupational exposure must be kept to a minimum.

NOTE: The ACGIH occupational exposure standard for Particles Not Otherwise Specified (P.N.O.S) does NOT apply.

The concentration of respirable dust for application of this limit is to be determined from the fraction that penetrates a separator
whose size collection efficiency is described by a cumulative lognormal function with a median aerodynamic diameter of 4.0 pm
(+-) 0.3 pm and with a geometric standard deviation of 1.5 ym (+-) 0.1 ym, i.e. less than 5 ym.

PERSONAL PROTECTION

Consult your EHS staff for recommendations

EYE

[ ]

e Safety glasses with side shields

¢ Chemical goggles.

s Contact lenses pose a special hazard; soft lenses may absorb irritants and all lenses concentrate them.

HANDS/FEET

m Suitability and durability of glove type is dependent on usage. Important factors in the selection of gloves include: such as:

¢ frequency and duration of contact,

e chemical resistance of glove material,

¢ glove thickness and

e dexterity

Select gloves tested to a relevant standard (e.g. Europe EN 374, US F739). ;

¢ When prolonged or frequently repeated contact may occur, a glove with a protection class of 5 or higher (breakthrough time
greater than 240 minutes according to EN 374) is recommended.

s When only brief contact is expected, a glove with a protection class of 3 or higher (breakthrough time greater than 60
minutes according to EN 374) is recommended.

s Contaminated gloves should be replaced.

Gloves must only be worn on clean hands. After using gloves, hands should be washed and dried thoroughly. Application of a

non-perfumed moisturiser is recommended.

Experience indicates that the following polymers are suitable as glove materials for protection against undissolved, dry solids,

where abrasive particles are not present.

e polychloroprene

e nitrile rubber

e butyl rubber

e fluorocaoutchouc

e polyvinyl chloride

Gloves should be examined for wear and/ or degradation constantly.

OTHER



Overalis.

PN.C. apron.

Barrier cream.

Skin cleansing cream.
Eye wash unit.

Respirators may be necessary when engineering and administrative controls do not adequately prevent exposures,

The decision. fo use respiratory protection should be based on professional judgment that takes into account toxicity

information, exposure measurement data, and frequency and likelihood of the worker's exposure - ensure users ara not

subject to high thermal loads which may result in heat stress or distress due to personal protective equipment (powered,

positive flow, full face apparatus may be an option).

+ Published occupational exposure limits, where they exist, will assist in determining the adequacy of the selected respiratory
. These may be government mandated or vendor racommended.

s Certified respirators will be useful for protecting workers from fnhatation of particulates when properly selected and fit tested
as part of a complete respiratory protection program.

s Use approved positive flow mask if significant quantltes of dust becomes airborne.

Try to avoid creating dust conditions.

RESPIRATOR
a .
Protection Factor Half-Face Respirator Full-Face Respirator Powered Air Respirator
10 x PEL P1 - PAPR-P1
T Alr-ling* s ol e
50 x PEL Alr-ling™™ P2 PAPR-P2
100 x PEL ' S PR ST -
' Alr-line* -
100+ k PEL - S ANr-lnet T PAPR-P3

- Negative pressure demand = _ Continuous flow
Explanation of Respirator Codes:
Class 1 low to medium absorption capacity filters.
Class 2 medium absomption capacity filters.
Class 3 high absorption capacity filters.
PAPR Powered Air Purifying Respirator (positive pressure) cartridge.
Type A for use against certain organic gases and vapors.
Type AX for use against low bailing point organic compounds (less than 65°C).
Type B for use against cerfain inorganic gases and other acid gases and vapors.
Type E for use against sulfur dioxide and other acid gases and vapors.
Type K jor use against ammonia and organic ammoenia derivatives
Class P1 intended for use against mechanically generated particulates of sizes most commonly encountered in industry, e.g.
asbestos, silica.
Class P2 intended for use against both mechanically and thermally generated particulates, e.g. metal fums.
Class P3 Intended for use against all particulates cantaining highly toxic materials, e.g. beryllium.
The local concentration of material, guantity and conditicns of use determine the type of persanal protective equipment
required. ‘
Use appropriate NIOSH-certified respirator based on informed professional judgement. In conditions where no reasonable
estimate of exposure can be made, assume the exposure is in a concentration IDLH and use NIOSH-certified full face
pressure demand SCBA with a minimum service life of 30 minutes, or a combination full facepiece pressure demand SAR with
auxiliary self-contalned air supply. Respirators provided only for escape from IDLH atmospheres shall be NIOSH-certified for
escape from the atmosphere in which they will be used.

ENGINEERING CONTROLS

u Local exhaust ventilation usually required. If risk of overexposure exists, wear an approved respirator. Correct fit s essential
to obtain adeguate protection an approved self contained breathing apparatus (SCBA) may be required in some situations.
Provide adequate ventilation in warehouse or closed storage area. )

Air contaminants generated in the workplace possess varying "escape" velocitles which, In turn, determine the “capture
velocities" of fresh circulating air reqwred o effectively remove the contaminant.

Type of Contaminant: ' Air Speed:

solvent, vapors, degreasing etc., evaporatmg from fank (|n stifl 0.25-0.5 mis (50-100 /min.)
air). ’ ’ ’

aerosols, fumes from pouring operations, intermittent . )
container filling, low speed conveyer transfers, welding, spray 0.5-1 m/s {100-200 Fmin.)
drift, plating acid fumes, pickling (released at low velocity into s
zone of active generation)

direct spray, spray painting in shallow booths, drum filling,
conveyer loading, crusher dusts, gas discharge (active 1-2.5 m/s (200-500 f/min.)
generation inte zone of rapid air motion)

grinding, abrasive blasting, tumbling, high speed wheal .

generated dusis {released at high initizl velocity into zone of  2.5-10 m/s (500-2000 f/min.)
very high rapid air mction).

Within each range the appropriate value depends on:

Lower end of the range Upper end of the range

1: Room air currents minimal or favorable to capture 1.: Disturbing room air currents
2: Contaminants of low toxicity or of nuisance value only. 2: Contaminants of high toxicity
3! Intermittent, low production. 3: High producticn, heavy use
4: Large hood or large alr mass in motion 4: Small hood-local cortrol only

Simple theory shows that air velocity falls rapidly with distance away from the opening of a simple extraction pipe. Velocty
generally decreases with the square of distance from the extraction point (in simple cases). Therefore the air speed at the
extraction point sheuld be adjusted, accordingly, after reference to distance from the contaminating source. The alr velocity at
the extraction fan, for example, should be a minimum of 1-2 m/s {200-400 f/min} for extraction of solvents generated in a tank



2 meters distant from the extraction point. Other mechanical considerations, producing performance deficits within the
extraction apparatus, make it essential that theoretical air velocities are multiplied by factors of 10 or more when extraction
systems are installed or used.

Section 9 - PHYSICAL AND CHEMICAL PROPERTIES

PHYSICAL PROPERTIES

Solid.
Does not mix with water.
Sinks in water.

State Divided solid Molecular Weight 183.52

Melting Range (°F) Not available Viscosity Not available
Boiling Range (°F) Not available Solubility in water (g/L) Immiscible
Flash Paint (°F) Not applicable pH (1% solution) Not applicable
Decompositiecn Temp (°F) Not available . pH (as supplied) Not applicable
Autoignition Temp (°F) Not available Vapour Pressure {mmHG) Not applicable.
Upper Explosive Limit (%) Not applicable Specific Gravity (water=1) 4.810

Lower Explosive Limit (%) Not applicable Relative Vapor Density (air=1) Not applicable
Volatile Component (%vol) Not applicable Evaporation Rate Not applicable
APPEARANCE

Off-white powder; does not mix with water.

Section 10 - CHEMICAL STABILITY
CONDITIONS CONTRIBUTING TO INSTABILITY

[

= Presence of incompatible materials.

e Product is considered stable.

e Hazardous polymerization will not occur.

STORAGE INCOMPATIBILITY

[ ]

e WARNING: Aveid or control reaction with peroxides. All transition metal peroxides should be considered as potentially
explosive. For example transition metal complexes of alkyl hydroperoxides may decompose explosively.

e The pi-complexes formed between chromium(0), vanadium(0) and other transition metals (halcarene-metal complexes) and
monao-or poly-fluorobenzene show extreme sensitivity to heat and are explosive.

s Avoid reaction with borohydrides or cyanoborohydrides

None known.

For incompatible materials - refer to Section 7 - Handling and Storage.

- Section 11 - TOXICOLOGICAL INFORMATION

strontium titanate

TOXICITY AND IRRITATION
m No significant acute toxicological data identified in literature search.

Section 12 - ECOLOGICAL INFORMATION

Refer to data for ingredients, which follows:

STRONTIUM TITANATE: '

m For strontium:

Environmental fate:

Strontium present in the atmosphere is in the form of wet or dry aerosols. The principal chemical species in the air is strontium
oxide (SrO). Strontium oxide will react rapidly in the presence of meisture to form Sr+2 and SrOH+ ions. Strontium is dispersed
by atmospheric cycling and is subsequently deposited by wet deposition on the earth’s surface. In surface water and
groundwater, strontium exists primarily as a hydrated ion. Strontium can form ionic complexes with other inorganic or organic
substances, Strontium is relatively mobile in water. However, the formation of inscluble complexes or sorption of strontium to
solls can reduce its mobility in water. Strontium sorbs fo soils by ion exchange, and tends to be more mobile in soils with a
high concentration of exchangeable ions or in scils with low cation exchange capacities. Strontium is taken up and retained by
aquatic and terrestrial plants and is concentrated in the boney tissues of animals that eat contaminated vegetation. The
concentration of radioactive 90Sr in the atmosphere has steadily decreased since its maximum cencentration in 1963, probably
as a result of reduced numbers of tests involving nuclear explosives. However radioactive strontium occurs naturally in the
earths crust and partitions between various environmental compartments,

Strontium exists almost exclusively in the envirenment as a +2 cation, and will form different species, some of which are more
soluble than others. Because the different species have different solubilities, they will have different mobilities in the
environment and different exposure potentials. Strontium exists as a hydrated cation, an ionic solution complex, or an ionic
salt. In the environment, typical solution species for strontium are Sr2+ and SrOH+, and some strontium compounds (SrCO3
and SrS04) are practically insoluble in neutral water.

The principal abiotic processes that transform strontium in soils and sediments are mediated by sorption and desorption



reactions between the soil solution and matrix (precipitation, complexation, and ion exchange), and controlled by pH, ionic
strength, solution speciation, mineral composition, organic matter, biological organisms, and temperature. For many soil
systems, in the short term, strontium sorption is dominated by simple ion exchange, and strontium ions are readily
exchangeable. At longer time scales, however, strontium ions may relocated into sterically hindered sites that are not readily
exchangeable.

Because strontium is an element, its atoms do not degrade by environmental processes such as hydrolysis or biodegradation.
However, radioactive strontium will be subject to radioactive decay and transformation to other elements. Eventually, all of the
radioactive strontium will be transformed into stable zirconium by the process of radioactive decay

908r (t¥2 = 29 years) ? 90Y (t'2 = 64 hours) + - ? 90Zr (stable) + -

Both radioactive and nonradicactive strontium compounds are subject to both biotic and abiotic transformation mechanisms,
Like calcium, strontium has moderate ‘mobility in soils and sediments, and sorbs moderately to metal oxides and clays. The
Sr2+ ion is strongly hydrated and is firmly coordinated with six or more water melecules in agueous solution. When Sr2+ ions
sorb on negatively charged mineral surface sites, the hydration sphere is retained. Strontium sorbs as hydrated ions on the
surface of clay minerals (kaolinite), weathered minerals (amorphous silica), and iron oxides). Sorbed carbonate on iron oxides
enhances the sorpticn of Sr2+ and permits the nucleation of Sr2+ as strontium carbenate. On calcite (calcium carbonate), Sr2+
sorption occurs by electrostatic attraction as hydrated ions. However, at higher concentrations, precipitation of strontianite
(strontium carbonate) occurs, and strontium is likely to be less mobile.

Strontium is not necessary for growth or reproduction for most plants, but is typically absorbed to satisfy the plant's metabolic
requirements for calcium. Soil-to plant concentration ratios for strontium (the ratio of the concentration of strontium in wet
vegetation to the concentration of strontium in dry soll) are, and indicate that strontium can be easily absorbed into plants from
soil. The uptake of strontium by plants is greatest in sandy soils having low clay and organic matter content. The concentration
of nutritive mineral elements in soil such as calcium lower the intake of strontium to the aboveground phytomass. The average
reduction of the soil-to-plant concentration ratios for 90Sr caused by amendment with Ca or K is around 50-60% .

Strontium may be deposited on'plant surfaces from the atmosphere, remain on the plant, be washed off, or be absorbed
directly into the plant through leaves. Contamination by direct deposition on foliage surfaces is predominantly a short-term
mechanism with a weathering half-life of approximately 14 days. Once abscrbed in the plant, strontium translocates to other
parts of the plant, such as the leaves or fruit. Translocation of strontium in plants is affected by the particular species and stage
of organism growth, and the most metabolically active parts (growing) will accumulate higher concentrations of strontium.

The primary routes of human exposure to strontium are from inhalation of aerosols and ingestion of food and drinking water
containing strontium. The intake of strontium, therefore, depends upon the concentration of strontium in air, drinking water, and
in the food items that comprise a person’s diet, which may be highly variable.

External exposure to 90Sr is not a concern because of minor emissicn of penetrating radiation from 90Sr.

No estimate of the concentration of 90Sr in air is available, However, it is assumed that ambient concentrations of 90Sr in the
atmosphere are small relative to exposures from water and diet. If the concentration of 90Sr in average U.S. drinking water is
estimated as 0.1 pCi/L (4 mBg/L) or one radiochemical event per 5710 minutes, and the consumption rate of drinking water by
a normal adult is assumed to be 2 L/day, then the exposure from drinking water would be 0.2 pCi (7 mBq) per day.

The distributions of 90Sr in the body are significantly different for males and females. As expected, the highest concentrations
of 908r are measured in the boney tissue. Males and females averaged 10.4 and 65 pCi/kg (0.38 and 2.4 Bg/kg) wet weight,
respectively. Males had a much higher concentration of 90Sr in the muscular tissue compared to females. The heart and psoas
muscles had respective concentrations of 90Sr for men averaging 13.9 and 18.7 pCifkg (0.51 and 0.69 Bq) wet weight versus
respective concentrations of 7.4 and 1.9 pCi/kg (0.27 Bg/kg and 70 mBq/kg) wet weight for females.

Occupational exposure to strontium compounds affords the opportunity to accumulate higher levels of all forms of strontium.
Children drink more fluids, eat more food, breathe more air per kilogram of body weight, and have a larger skin surface in
proportion to their body volume. A child's diet often differs from that of adults. The developing human's source of nutrition
changes with age: from placental nourishment to breast milk or formula to the diet of older children who eat more of certain
types of foods than adults. A child’s behavior and lifestyle also influence exposure. Compared to adults, the potential for
radiostrontium exposure is greater for children who consume foods (e.g., milk, grains) produced in areas with elevated
concentrations of radiostrontium in the soil and for children with elevated concentrations of radiostrontium in their drinking
water. Children are more likely to be exposed to 90Sr in cow’s milk produced in contaminated areas..

Agency for Toxic Substances and Disease Registry (ATSDR); Toxicological Profile for Strontium.

m DO NOT discharge inio sewer or waterways.

Section 13 - DISPOSAL CONSIDERATIONS

Disposal Instructions

All waste must be handled in accordance with local, state and federal regulations.

| Legislation addressing waste disposal requirements may differ by country, state and/ or territory. Each user must refer to laws
operating in their area. In some areas, certain wastes must be tracked.

A Hierarchy of Controls seems to be common - the user should investigate:

° Reduction

* Reuse

* Recycling

» Disposal (if all else fails)

This material may be recycled if unused, or if it has not been contaminated so as to make it unsuitable for its intended use.
Shelf life considerations should also be applied in making decisions of this type. Note that properties of a material may change
in use, and recycling or reuse may not always be appropriate.

DO NOT allow wash water from cleaning equipment to enter drains. Collect all wash water for treatment before disposal.

s Recycle wherever possible or consult manufacturer for recycling options.

s Consult Waste Management Authority for disposal.

* Bury residue in an authorized landfill.

¢ Recycle containers where possible, or dispose of in an autharized landfill.

Section 14 - TRANSPORTATION INFORMATION
NOT REGULATED FOR TRANSPORT OF DANGEROUS GOODS: DOT, IATA, IMDG

Section 15 - REGULATORY INFORMATION

strontium titanate (CAS: 12060-59-2) is found on the following regulatory lists;



"Canada Domestic Substances List (DSL)","US Toxic Substances Control Act (TSCA) - Inventory"

Section 16 - OTHER INFORMATION
LIMITED EVIDENCE

= [nhalation and/or ingestion may produce health damage®.
m Cumulative effects may result following exposure*.
* (limited evidence).

Reasonable care has been taken in the preparation of this information, but the author makes no warranty
of merchantability or any other warranty, expressed or implied, with respect to this information. The author
makes no representations and assumes no liability for any direct, incidental or consequential damages
resulting from ifs use. For additional technical information please call our toxicology department on +800
CHEMCALL.

m Classification of the mixture and its individual components has drawn on official and authoritative sources as well as
independent review by the Chemwatch Classification committee using available literature references.

A list of reference resources used to assist the committee may be found at:

www.chemwatch.net/references.

m The (M)SDS is a Hazard Communication tool and should be used to assist in the Risk Assessment. Many factors determine
whether the reported Hazards are Risks in the workplace or other settings. Risks may be determined by reference to
Exposures Scenarios. Scale of use, frequency of use and current or available engineering controls must be considered.

This document is copyright. Apart from any fair dealing for the purposes of private study, research, review
or criticism, as permitted under the Copyright Act, no part may be reproduced by any process without
written permission from CHEMWATCH. TEL (+61 3) 9572 4700.

Issue Date: Aug-7-2009
Print Date:Apr-22-2010
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1. PRODUCT AND COMPANY IDENTIFICATION

1.1 Product identifiers

Product name - Strontium titanate
Product Number : 396141

Brand : Aldrich

CAS-No. . 12060-59-2

1.2 Relevant identified uses of the substance or mixture and uses advised against
Identified uses . Laboratory chemicals, Manufacture of substances
1.3  Details of the supplier of the safety data sheet

Company . Sigma-Aldrich
3050 Spruce Street
SAINT LOUIS MO 63103

USA
Telephone ;41 800-325-5832
Fax : +1800-325-5052
14 Emergency telephone number
Emergency Phone # 1 (314) 776-6555

2. HAZARDS IDENTIFICATION
21 Classification of the substance or mixture
Not a hazardous substance or mixture.
2.2 GHS Label elements, including precautionary statements
Not a hazardous substance or mixture.
2.3 Hazards not otherwise classified (HNOC) or not covered by GHS - none

3. COMPOSITION/INFORMATION ON INGREDIENTS
3.1 Substances

Chemical characterization . Product does not burn
Formula . O3SITi

Molecular weight : 183.49 g/mol
CAS-No. : 12060-59-2

EC-No. . 235-044-1

No components need to be disclosed according to the applicable regulations.

4. FIRST AID MEASURES
4.1  Description of first aid measures

If inhaled
If breathed in, move persocn into fresh air. If not breathing, give artificial respiration.

In case of skin contact
Wash off with soap and plenty of water.
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In case of eye contact
Flush eyes with water as a precaution.

If swallowed
Never give anythmg by mouth fo an unconscious person. Rinse mouth w11h water.

42 Most lmportant symptoms and effects, both acute and delayed _
The most important known symptoms and effects are described in the labelling (see section 2.2) and/or in section 11

4.3 Indication of any lmmedtate medical attention and special treatment needed
No data available

5. FIREFIGHTING MEASURES
5.1 Extinguishing media

Suitable extinguishing media
Use extinguishing measures that are appropriate to local circumstances and the surrounding environment.

5.2 Special hazards arising from the substance or mixture =
No data available

5.3  Advice for firefighters
Wear self-contained breathing apparatus for firefighting if necessary.

8.4  Further information
The product itself dees not burn.

6. ACCIDENTAL RELEASE MEASURES

8.1  Personal precautions, protective equipment and emergency procedures
Avoid dust formation. Avoid breathing vapours, mist or gas.
For personal protection see section 8.

6.2 Environmental precautions
No special environmental precautions required.

6.3 Methods and materials for containment and cleaning up
Sweep up and shovel. Keep in suitable, closed containers for disposal.

6.4 Reference to other sections
For disposal see section 13.

7. HANDLING AND STORAGE

71 Precautions for safe handling :
Further processing of solid materials may result in the formation of combustible dusts. The potential for combustible
dust formation should be taken into consideration before additional processing occurs,
Provide appropriate exhaust ventilation at places where dust is formed.
For precautions see section 2.2.

7.2  Conditions for safe storage, including any incompatibilities
Keep container tightly closed in a dry and well-ventilated place.

Keep in a dry place.
Storage class (TRGS 510): Non Combustible Solids

7.3  Specific end use(s)
Apart from the uses mentioned in section 1.2 no other specific uses are stipulated

8. EXPOSURE CONTROLS/PERSONAL PROTECTION
8.1  Control parameters

Components with workplace control parameters
Contains no substances with cccupational exposure limit values.
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8.2 Exposure controls

Appropriate engineering controls
General industrial hygiene practice.

Personal protective equipment

Eyefface protection

Use equipment for eye protection tested and approved under appropriate government standards such as
NIOSH (US) or EN 166(EU).

Skin protection

Handle with gloves. Gloves must be inspected prior to use. Use proper glove removal technique (without
touching glove's outer surface) to avoid skin contact with this product. Dispose of contaminated gloves after
use in accordance with applicable laws and good laboratory practices. Wash and dry hands.

Body Protection

Choose body protection in relation to its type, to the concentration and amount of dangerous substances, and
to the specific work-place., The type of protective equipment must be selected according to the concentration
and amount of the dangerous substance at the specific workplace.

Respiratory protection _

Respiratory protection is not required. Where profection from nuisance levels of dusts are desired, use type
N95 (US) or type P1 (EN 143) dust masks. Use respirators and components tested and approved under
appropriate government standards such as NIOSH (US) or CEN (EL).

Control of environmental exposure
No special environmental precautions required.

9. PHYSICAL AND CHEMICAL PROPERTIES

9.1 Information on basic physical and chemical properties

a) Appearance Form: powder

b) Odour No data available

¢) Odour Threshold No data available

d) pH No data available

e) Melting point/freezing Melting point/range: 2,080 °C (3,740 °F)
point '

f) Initial boiling pointand  No data available
boiling range

g) Flash point Not applicable

h} Evaporation rate No data available

i} Flammability (solid, gas) No data available

1} Upper/lower No data ‘available
flammability or
explosive limits

k) Vapour pressure No data available

[} Vapour density No data available

m) Relative density 4.81 g/mlL at 25 °C (77 °F)

n  Water solubility No data available

o) Partition coefficient: n-  No data available
octanol/water

p) Auto-ignition No data available
temperature

) Decomposition No data availabie
temperature :
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9.2

o Viscosity No data available
s) Explosive properties No data available
t)  Oxidizing properties No data avaitable

Other safety information
No data availahle

10. STABILITY AND REACTIVITY

10.1
10.2
10.3
10.4
10.5

10.6

Reactivity
No data available

Chemiical stability
Stable under recommended storage conditions.

Possibility of hazardous reactions
No data available

Conditions to avoid
No data available

Incompatible materials
Strong oxidizing agents, Strong acids

Hazardous decomposition products
Other decomposition products - No data avallable
In the event of fire: see section 5

11. TOXICOLOGICAL INFORMATION

11.1

Information on toxicological effects

Acute toxicity
No data available

Inhalation: No data available
Dermal: No data available
No data available

Skin corrosionfirritation
No data available

Serious eye damagel/eye irritation
No data available

Respiratory or skin sensitisation
No data avaitable

Germ cell mutagenicity
No data available

Carcinogenicity

IARC: No component of this product present at Ievelé greater than or eguat to 0.1% is identified as
probable, possible or confirmed human carcinogen by IARC.

ACGIH: No component of this product present at levels greater than or equal to 0.1% is identified as a
carcinogen or potential carcinogen by ACGIH.

NTP: No component of this product present at levels greater than or equal to 0.1% is identified as a
known or anficipated carcinogen by NTP.

OSHA: No component of this product present at levels greater than or equal to 0.1% is identified as a
carcinogen or potential carcinogen by OSHA.

Reproductive toxicity
No data avaitable
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No data available

Specific target organ toxicity - single exposure
No data available

- Specific target organ toxi.city - repeated exposure
No data available

Aspiration hazard
- No data available

Additional Information
RTECS: Not available

12, ECCLOGICAL INFORMATION

121 Toxicity
No data available

12.2 Persistence and degradability -
No data available

12.3 Bioaccumulative potential
No data available

12.4 Mobility in soil
No data available

12.5 Results of PBT and vPvB assessment
PBT/NPVB assessment not available as chemical safety assessment not required/net conducted

12.6 Other adverse effects

No data available

13. DISPOSAL CONSIDERATIONS
13.1 Waste treatment methods

Product
Offer surplus and non-recyclable sclutions to a licensed disposal company.

Contaminated packaging
Dispose of as unused product.

14. TRANSPORT INFORMATION
DOT (US)
Not dangerous goods

IMDG
Not dangerous goods

IATA
Not dangerous goods

15. REGULATORY INFORMATION

SARA 302 Components
No chemicals in this material are subject to the reporting requirements of SARA Title 1ll, Section 302.

SARA 313 Components

This material dees not contain any chemical components with known CAS numbers that exceed the threshold (De
Minimis) reporting levels established by SARA Title 1il, Section 313.

Massachusetts Right To Know Components
No components are subject to the Massachusetts Right to Know Act.

~ Pennsylvania Right To Know Components
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- CAS-No. - Revision Date
Strontium titanium trioxide 12060-59-2

New Jersey Right To Know Components
: CAS-No. Revision Date
Strontium titanium trioxide 12060-59-2

California Prop. 65 Components
This product does not contain any chemicals known to State of California to cause cancer, birth defects, or any other
reproductive harm.

16. OTHER INFORMATION

HMIS Rating

Health hazard: 0
. Chronic Health Hazard:
Flammability: 0
‘Physical Hazard 0

NFPA Rating
Health hazard:
Fire Hazard:
Reactivity Hazard:

coo

Further information ‘

Copyright 2014 Sigma-Aldrich Co. LLC. License granted io make unlimited paper copies for internal use only.

The above information is believed to be correct but does not purpert to be all inclusive and shall be used only as a
guide. The information in this document is based on the present state of our knowledge and is applicable to the
product with regard to appropriate safety precautions. It does not represent any guarantee of the properties of the
product. Sigma-Aldrich Corporation and its Affiliates shall not be held liable for any damage resulting from handling
or from contact with the above product. See www sigma-aldrich.com and/or the reverse side of invoice or packmg
slip for additional terms and conditions of sale.

Preparation Information
Sigma-Aldrich Corporation
Product Safety — Americas Region
1-800-521-8956

Version: 4.4 . Revision Date: 08/26/2014 Print Date: 11/12/2015°
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LTS Research Laboratories, Inc.

Safety Data Sheet
Strontium Zirconate

1. Product and Company Identification

Trade Name:
Chemical Formula;
Recommended Use:

Manufacturer/Supplier:
Street:
City:
State:
Zip Code:
Country:
Tel #:

24-Hour Emergency Contact:

Strontium zirconate
StZr0;
Scientific research and development

LTS Research Laboratories, Inc.
37 Ramland Road

Orangeburg

New York

10962

USA

855-587-2436 / 855-lts-chem

800-424-9300 (US & Canada)
+1-703-527-3887 (International)

2. Hazards Identification

Signal Word:
Hazard Statements:
Precautionary Statements:

HMIS Health Ratings (0-4):
Health:
Flammability:
Physical:

None
None
None

(=N =0
i

3. Composition

Chemical Family:
Additional Names:

Strontium zirconate (SrZrO;):

Percentage:
CAS #:
EC #:

Ceramic
Strontium zirconium oxide

100 wt%
12036-39-4
234-847-4

4. First Aid Procedures

General Treatment:
Special Treatment:
Important Symptoms:

Inhalation:
Ingestion:
Skin:

Eyes:

Seek medical attention if symptoms persist.
None
None

Remove victim to fresh air. Supply oxygen if breathing is difficult.

Seek Medical Attention.

Wash affected area with mild soap and water. Remove any
contaminated clothing.

Flush eyes with water, blinking often for several minutes. Remove
contact lenses if present and easy to do. Continue rinsing
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5. Firefighting Measures

Flammability:
Extinguishing Media:

Spec. Fire Fighting Procedure:

Non-flammable

No special restrictions — use suitable extinguishing agent for
surrounding material and type of fire.

Use full-face, self-contained breathing apparatus with full protective
clothing to prevent contact with skin and eyes. See section 10 for
decomposition products.

. Accidental Release Measures

If Material Is Released/Spilled:

Envirenmental Precautions:

Wear appropriate respiratory and protective equipment specified in
special protection information. Isolate spill area and provide
ventilation. Vacuum up spill using a high efficiency particulate
absolute (HEPA) air filter and place in a closed container for disposal.
Take care not to raise dust,

Isolate runoff to prevent environmental pollution.

7. Handling and Storage

Handling Conditions:
Storage Conditions:

Work/Hygienic Maintenance:

Ventilation:

Wash thoroughly after handling. ‘

Store in a cool dry place in a tightly sealed container. Store apart from
materials and conditions listed in section 10.

Do not use tobacco or food in work area. Wash thoroughly before
eating and smoking. Do not blow dust off clothing or skin with
compressed air.

Provide sufficient ventilation to maintain concentration at or below

thiSsholglit. AW |

8. Exposure. Controls and Persona

rotection

Permissible Exposure Limits:
Threshold Limit Value:

Special Equipment:
Respiratory Protection:
Protective Gloves:
Eye Protection:

Body Protection:

5 mg/m?as Zr, lofig-term value
5 mg/m’ as Zr, long-term value

None

Dust Respirator

Rubber gloves

Safety glasses or goggles

Protective work clothing. Wear close-toed shoes and long
sleeves/pants.

9. Physical and Chemical Characteristics

Color

Form:

Odor:

Water Solubility:

Boiling Point:

Melting Point:

Flash Point:

Autoignition Temperature:
Density:

Molecular weight:

White

Powder, Granules, Pellets, Sputtering target, Custom parts
Odorless

Insoluble

9000 °C

2700 °C

N/A

N/A
5.5 g/ee
226.84 g/mol
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10. Reactivity

Stability:

Reacts With:

Incompatible Conditions:
Hazardous Decomposition Products:

Stable under recommended storage conditions
Acids, Oxidizing agents

None

Zirconium oxide, Strontium oxide

11. Toxicological Information

Potential Health Effects:

Eyes: May cause irritation
Skin: May cause irritation
Ingestion: May cause irritation
Inhalation: May cause irritation
Chronic: N/A
Signs & Symptoms: N/A
Aggravated Medical Conditions: N/A
Median Lethal Dose: N/A
Carcinogen: N/A
12. Ecological Information
Aquatic Toxicity: Low
Persistent Bioaccumulation Toxicity: No
Very Persistent, Very Bioaccumulative: No 4 W
Notes: N/A A{=Te Sy

13. Disposal Considerations

Dispose of in accordance with local, state, national; and international regulations.

14. Transportation Data

Hazardous:

Hazard Class:

Packing Group:

UN Number:

Proper Shipping Name:

Not hazardous for transportation.
N/A
N/A
N/A
N/A

15. Regulatory Information

Sec 302 Extremely Hazardous:
Sec 304 Reportable Quantities:
Sec 313 Toxic Chemicals:

No
N/A
No
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16. Other Information

This safety data sheet should be used in conjunction with technical sheets. It does not replace them. The information
given is based on our knowledge of this product, at the time of publication. It is given in good faith. The attention of
the user is drawn to the possible risks incurred by using the product for any other purpose other than that for which it
was intended. This does not in any way excuse the user from knowing and applying all the regulations governing his
activity. It is the sole responsibility of the user to take all precautions required in handling the product. The aim of the
mandatory regulations mentioned is to help the user to fulfill his obligations regarding the use of hazardous products.

Document Last Revised: 07/15/2015
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PRODUCT NAME:
PRODUCT CODE:

‘ Emerald Performance Materials

TECHNICAL DATA

TITANIUM DIOXIDE (U.S.P., C.T.F.A., FOOD GRADE)
34PC0748

Colour Index Name:
Colour Index No.:
CAS Reg. No.:
Assay:

Heavy Metals:

Acid

Soluble Substances:

Water

Soluble Substances:

Properties:

Microbiological:

Recommended Use:

Particle Size:

Shelf Life:

Recommended
Storage Conditions:

9/1712
JHR:bt

Emerald Hilton Davis, LLC

Pigment White 6
77891
13463-67-7
99.0%

Lead

Arsenic

Mercury
Antimony

<10 ppm
<1 ppm
<1 ppm
<2 ppm

<0.5%

<0.3%
Lightfastness (oil dispersible)
APC

Yeast & Mold
Gram Negative

<100 col./gram
<100 col./gram combined
Negative

Liquid foundation, pressed powder, eye make-up, lipstick, nail
lacquer, lotion, food

1.0 micron maximum
0.3 micron average

Indefinite when stored as recommended (5 years)

Store at room temperature in a dry location. Keep container
and inner liner tightly closed.

2235 Langdon Farm Road / Cincinnati, OH 45237 / Phone: 513-841-4000 / Fax: 513-741-3771

The information provided on this and any following pages regarding our product(s) has been developed as a guide for your
consideration and verification and does not constitute a legal representation or warranty. 'Due to differences in product formulation
and operational conditions, we cannot be responsible for results in the user’s plant or product.






CONDUCTIVE

c Innovative Chemistry for High-Tech Applications
17 Hampshire Drive, Unit 8 Phone: (603) 595-6221 Fax: (603) 595-6228
Hudson, NH 03051 www.conductivecompounds.com

TECHNICAL DATA SHEET

BT-101 BARIUM TITANATE DIELECTRIC
a capacitive dielectric

DESCRIPTION
BT-101 is suitable

for use as a e Provides excellent electrical insulation while maintaining a high

5 dielectric constant to optimize the performance of EL lamps
capacitance layer

between e Suitable for screen print applications, and is designed to provide
an optimal balance between long open time on screens and fast
drying in conventional ovens

phosphor and back

electrodes on EL lamps
o Offers outstanding moisture resistance when dried completely

o Suitable for use on polyester films and ITO substrates

e Compatible with our conductive materials for EL electrodes

TYPICAL PROPERTIES

Appearance Thick white ink
% Solids 67% + 2%
Viscosity: Brookfield DV 111

SC4-14 spindle @ 25°C, Shear 2 10,000 cps +/- 10%
Hegman Gauge <10 pm

Drying Conditions 90 seconds to 6 minutes at 130°C
{(depending upon air flow)

PHYSICAL PROPERTIES AFTER CURE

Voltage Breakdown (VAC, 25pm, 25°C)
Ref ASTM D149-97a > 500 volts
Dielectric Constant (Approximate, 25°C) :
e Resistivity




Guidelines are
intended to
provide a starting
point for
evaluation.
Conductive
CUmpbundé, Inc.
recognizes that
each customer’s
manufacturing
.process is unique,
and we are
available to
provide technical
assistance to
resolve your
processing issues.
Call us to discuss
your application in
more detail.

The properties are
accurate to the best
of our knowledge
and Conductive
Compounds, Inc.
makes no
guarantees for
customer
specifications
established in
applications where
this product is
used. Customer
assumes
responsibility for
determining fitness
of use in their
particular
application.

BT-101 BARIUM TITANATE DIELECTRIC
a capacitive dielectric

Application Guidelines

Extreme care should be taken to eliminate contamination by metal and dust particles in the
printing area. Metal or dust particles in the dielectric layer can cause spot shorting,
compromising the integrity of the lamp. If leftover flood material is to be reused after a
production run, it is recommended that it be collected in a separate contamer and added in
small amounts to fresh material during the next production run.

Screening

A monofilament polyester, 220 mesh minimum is recommended. Stainless steel mesh screens
should have a minimum mesh size of 230, with an emulsion thickness between 20 and 25\ In
most instances, minimum of two print cycles will be required. Mesh and emulsion selection
should be considered for a targeted total dry film thickness of 12 to 15um. The integrity and
efficiency of the barium titanate dielectric layer can sometimes be enhanced by using a
wet-wet (double pass) print cycle before drying each layer. This helps to smooth and level the
wet film, while also helping to pack the ceramic particles more efficiently before drying,

BT-101 is designed to be used straight from the container after mixing. If further thinning is
needed, use carbitol acetate or dibasic ester solvents. For cleanup, PM acetate or other
suitable solvents can be used. If faster drying time is required, contact Conductive
Compounds, Inc. for solvent recommendations. If solvent based inks are left on screens for
any length of time, the ink will gradually thicken as solvent evaporates. Ifink is to be left on
an inactive press for any length of time, solvent evaporation can be minimized by pooling the
ink into a small area instead of leaving it spread out over a large area. Pooling the ink reduces
the surface area, thus slowing the drying process. Always check the viscosity of ink that has
been recovered from a screen and add small amounts of solvent while mixing thoroughly to
restore viscosity. Solvent can be added to reclarm thickened ink as long as the ink has not
dried and hardened completely.

When drying, care should always be taken to assure that all residual solvent is removed from
each layer prior to printing the next layer. Trapped solvent will release over time and
compromise the integrity of the phosphor, conductor and dielectric materials in the assembly.

Storage

BT-101 has a shelf life of six months when stored in its original container. The material
should always be mixed before use, and containers should never be left open for long periods
of time. BT-101 should be stored at or slightly below room temperature only. Do not store
BT-101 in a cold storage area,

Products manufactured by Conductive Compounds, Inc. are intended for use in an industrial
environment by trained personnel. Please follow proper health/safety processes regarding
storage, handling and processing of the products.

Revised 2/3/16 Rev E



