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MATERIAL SAFETY DATA SHEET

|. PRODUCT IDENTIFICATION

Manufacturer/Supplier:

ESPI Metals

1050 Benson Way, Ashland, OR 97520

Toll Free (800) 638-2581 * Fax (541) 488-8313
E-Mail: sales@espimetals.com

Trade Name: Barium
Formula: Ba
CAS#: 7440-39-3

[I.HAZARDOUS INGREDIENTS

Hazar dous Component: Barium
%: 0-100
OSHA/PEL: 0.5 mg/n?
ACGIH/TLV: 0.5 mg/nt

HMISRatings: Health: 2  Flammability: 3 ~ Reactivity: 2

[1l.PHYSICAL DATA

Boiling Paint: 1640C

Melting Paint: 728C

Vapor Density: N/A

Solubility in H,0: Reacts violently

Vapor Pressure: 13.3 hPa @ 104¢

Specific Gravity: 3.51 @ 2¢C

Appearance and Odor: Silver white metal, no odor
% Volatiles: N/A

NOTE: The physical data presented above are typicakgadnd should not be construed as a specification.

V. FIRE AND EXPLOSION HAZARDSDATA

Flash Point (Method used): N/A

Autoignition Temperature: N/E

Explosive Limits: Lower: N/E  Upper: N/E

Extinguishing Media: FLAMMABLE SOLID!! Use dry chemical/dolomite (poveted limestone). DO NOT USE WATER,
CARBON DIOXIDE, OR HALOGENATED EXTINGUISHERS!

Special Firefighting Procedures: Wear full face, self-contained breathing appagatnd full protective clothing to prevent
contact with skin and eyes. Flammable solid.

Unusual Fire and Explosion Hazar ds: Material readily reacts with water generatingrfraable and/or explosive hydrogen
gas. Do not expose to air and fire. Emits toxic ésrmnder fire conditions. Isolate with dolomite afidw to burn. Large
Fires: Contain and smother with dolomite.

Caution! Fire may reignite after having been extinguistigldnd with large excess of dolom
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V.HEALTH HAZARD INFORMATION

Effects of Exposure:

To the best of our knowledge the chemical, physevadl toxicological properties of barium have ne¢ib thoroughly
investigated and recorded.

Barium poisoning is virtually unknown in industaithough the potential exists when the soluble foare used. When
ingested or given orally, the soluble ionized baricompounds exert a profound effect on all musatesespecially smooth
muscles, markedly increasing their contractilitheTheart rate is slowed and may stop in systoleeiGaffects are increased
intestinal peristalsis, vascular construction, bidcontraction, and increased voluntary musclsioen

Acute Effects:

Inhalation: Can cause irritation to the nose, throat, anceupgspiratory tract.

Ingestion: Causes severe irritation of the mouth, throad, @ophagus.

Skin: Contact with skin can cause mild to moderatésition. Contact with skin can lead to the develophod a
hypersensitivity (ie. allergic) in susceptible iidiuals.

Eye: Can cause mild to moderate irritation to the actissues.

Chronic Effects: Severe irritation or burns.

Primary Routes of Exposure: Eye, skin, and inhalation.

Target Organs. Depending on the route, frequency, and duratfe@xposure, toxicity may occur in the following args
and/or systems: Respiratory System, Eye, Skin, Inerystem (Allergic Reactions), Central Nervoust&ys and Heart.
Medical Conditions Generally Aggravated by Exposure: Respiratory system, skin, immune system and/ecifip
chemical allergies, central nervous system, andhéaet.

Carcinogenicity: NTP: No IARC: No OSHA: No

EMERGENCY AND FIRST AID PROCEDURES:

INHALATION: Remove to fresh air. If symptoms develop, seakéudiate medical attention. If not breathing, give
artificial respiration.

INGESTION: Seek immediate medical attention.

SKIN: Immediately remove and isolate contaminated aelgthCarefully brush material off skin and washaanéth soap an
water. Seek medical attention if irritation devedop

EYE: Contamination of the eyes should be treated byeudliate and prolonged irrigation with copious antewd water.
Lift upper and lower eye lids frequently. Get prampedical attention.

NOTE TO PHYSICIAN: Treatment should be directed at preventing altsorpadministering to the symptoms as they
occur, and providing supportive therapy.

VI.REACTIVITY DATA

Stability: Stable

Conditionsto Avoid: Water/moisture. Avoid friction, heat, sparks, diaane.

Incompatibility (M aterialsto Avoid): Water or moisture, oxidizing agents, oxygen, scilocarbons, carbon dioxide,
ammonia.

Hazar dous Decomposition Products: Toxic fumes of hydrogen and barium oxide.

Hazar dous Polymerization: Will not occur

VII.SPILL OR LEAK PROCEDURES
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Stepsto Be Taken in Case Material |sReleased or Spilled: Wear appropriate respiratory and protective emeipt
specified in section VIII. Isolate spill area andyide ventilation. Keep unprotected persons av&nvel spilled product
and place in a closed container for further hagdéind disposal. Do not flush to sewer, streamtlwerdodies of water.
Keep away from ignition sources.

Waste Disposal Method: Material in the elemental state should be recaddor reuse or recycling. Observe all federate
& local regulations.

VI111. SPECIAL PROTECTION INFORMATION

Respiratory Protection: Avoid breathing dust. Wear a NIOSH/MSHA approwkst respirator.

Ventilation: Provide adequate ventilation. Handle only in ectitve argon or helium atmosphere or under oil.
Protective Gloves: Leather-palmed, heat resistant gloves.

Eye Protection: Chemical splash goggles and a full face shietdepe wash facility should be readily available.
Other Protective Clothing or Equipment: The use of fire resistant outer clothing is adbis.

IX. SPECIAL PRECAUTIONS

Precautionsto Be Taken in Handling and Storage: Barium metal should be stored in tightiesed containers under arc
or helium atmosphere or a paraffin oil blanket. Whandling, wear non-sparking shoes and flametesgislothing. Avoid
friction, heat, sparks, and flame. Use only nordepg tools and utensils. Ground all equipmentseés tables, and other
metallic objects that may come into contact with ginoduct. Do not store together with acids, halsgend oxidizing agen
Store away from water/moisture.

Other Precautions: Can autoignite in air. Extremely sensitive todhdieat, friction and static electricity. Rubbéogs,
rubber protective clothing and apron, goggles aaslftter mask should be worn when working in adrarstorage area.
Empty Container Precautions: This container is hazardous when empty. Do nethesat, sparks, open flame, torches, or
cigarettes on or near empty container. Empty coataican retain product residues. Do not reuseyeompitainer for food,
clothing, or other products for human or animalsonption or where skin contact may occur.

Work Practices: Implement engineering and work practice conttolseeduce and maintain concentration of exposulevat
levels. Do not use tobacco or food in work areashitoroughly after handling, especially beforérggptdrinking, smoking
or using restroom facilities. Contaminated clothamgl shoes should be thoroughly cleaned before r@anot blow dust
off clothing or skin with compressed air. Maintayewash capable of sustained flushing, safety tirshower and facilities
for washing.

DOT Regulations:

Hazard Class: 4.3

Identification Number: UN21400

Packing Group: I

Proper Shipping Name: Barium

Label: Dangerous when wet

The above information is believed to be correct,dmes not purport to be all inclusive and shalubed only as a guide.
ESPI shall not be held liable for any damage rasufrom handling or from contact with the abovegtuct.

Issued by: S. Dierks
Dated March 200
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ESFT

ELECTRONIC SPACE PRODUCTS INTERNATIONAL

1050 Benson Way, Ashland, OR 97520
Toll Free (800) 638-2581 * Fax (541) 488-8313
E-Mail: sales@espimetals.com

MATERIAL SAFETY DATA SHEET

I PRODUCT IDENTIFICATION

TradeName:  Barium Titanate Chemical Family: Metal Titanate
Formula: BaTiQ Molecular Weight: 233.21
CAS# 12047-27-7

[ HAZARDOUSINGREDIENTS

Hazar dous Component % OSHA PEL ACGIH/TLV
Barium Titanate 0-100 0.5 mg/fr(as Ba) 0. 5 mghtas Ba)
HMIS Rating: Health: 2 Flammability: O Reactivity: 0  Personal Protection: E

Il PHYSICAL DATA

Boailing Point (°C): No Data Melting Poaint: 1654C
Specific Gravity: 5.85 glcc Vapor Pressure: N/A
Vapor Density: N/A % Volatile: N/A
Appearance and Odor: White to gray powder or pieces, no odor. Solubility in H,0: Insoluble

v FIRE AND EXPLOSION HAZARDS DATA

Flash Point: N/A Autoignition Temperature: N/E
Flammable Limits: Upper: N/E Lower: N/E
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Extinguishing M edia: Use suitable extinguishing media for surroundimaferial and type of fire.
Special Fire Fighting Procedures: Firefighters must wear full face, self-contairgéathing apparatus with full protective
clothing to prevent contact with skin and eyes.

Unusual Fire and Explosion Hazar ds: May emit toxic fumes of barium oxide when heatediecomposition.

\Y HEALTH HAZARD INFORMATION

Effects of Exposure:

To the best of our knowledge, thenaieal, physical and toxicological properties ofibar titanate have not been
thoroughly investigated and recorded.

Barium compounds may cause sevefeogaeritis, including abdominal pain, vomitingdadiarrhea, tremors,
faintness, paralysis of the arms and legs, and skawegular heartbeat. Severe cases may proditagpse and death due
to respiratory failure. Soluble barium compoundsraore likely to cause these effects than insolablapounds.
Inhalation of fumes may cause sore throat, cough@igpred breathing, and irritation of the resgirptiract as well as the
above symptoms.

Titanium compounds are consideredsjaygically inert. There are no reported casesre/tieanium compounds
have caused intoxication.

Acute Effects:

Inhalation: May cause irritation to the upper respiratoryteys dizziness, nausea, vomiting, colic, diarriapid
respiration, high blood pressure, irregular heatiba, convulsions, paralysis and acute barium@oigy.
Ingestion: May cause irritation to the gastrointestinal traomiting, colic, diarrhea, slow irregular pul$ensient
hypertension, convulsions, tremors, muscular parsignd acute barium poisoning.

Skin: May cause irritation.

Eye: May cause irritation.

Chronic Effects:

Inhalation: May cause pulmonary granulomas and chronic bapaisoning.
Ingestion: May cause chronic barium poisoning.

Skin: May cause skin granulomas and dermatitis.

Eye: May cause corneal opacity and blindness.

Medical Conditions Generally Aggravated By Exposure: Inhalation may aggravate pre-existing disorders.
Carcinogenicity: None NTP? No IARC Monographs? No OSHA Regulated? No

EMERGENCY AND FIRST AID PROCEDURES:

INHALATION: Remove to fresh air, keep warm and quiet, giwgenx if breathing is difficult. Seek immediate neadi
advice.

INGESTION: If conscious, give 1 to 2 glasses of water andig® vomiting. Seek immediate medical attentiorvede
induce vomiting or give anything by mouth to an emgcious person.

SKIN: Remove any contaminated clothing, brush off afiskush with running water, wash carefully witbagp and
water. Consult a doctor.

EYES: Flush eyes with plenty of lukewarm water, inchglunder upper and lower eyelid for at least 15uteis. Consult
a doctor.
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Vi REACTIVITY DATA

Stability: Stable

Conditionsto Avoid: None known
Incompatibility (Material to Avoid): Acids, oxidizing agents.

Hazar dous Decomposition Products: Barium and barium oxide fumes.
Hazar dous Polymerization: Will not occur

VII SPILL OR LEAK PROCEDURES

Stepsto be Taken in Case Material isReleased or Spilled: Wear appropriate respiratory and protective egeipt
specified in section VIII. Vacuum up spill usindnigh efficiency particle absolute (HEPA) air filtend place in a closed
container for proper disposal. Take care not teeraust.

Waste Disposal M ethod: Dispose of in accordance with Local, State, aeddral regulations.

VIl SPECIAL PROTECTION INFORMATION

Respiratory Protection (Specify Type): NIOSH-approved respirator is required if TLV dRHL exposure limits are
exceeded.

Ventilation: Use local exhaust to maintain concentrations &ietow PEL, TLV. General exhaust is recommended.

Protective Gloves: Protective gloves required.
Eye Protection: Safety glasses required.

Other Protective Equipment: Protective gear suitable to prevent contamination

IX SPECIAL PRECAUTIONS

Other Handling and Storage Conditions: Keep container closed. Store in a cool, dry pl&¢ash thoroughly after
handling. Store away from acids and oxidizing agent

Work Practices. Implement engineering and work practice conttolseeduce and maintain concentration of exposure at
low levels. Use good housekeeping and sanitatiantjpes. Do not use tobacco or food in work areasithoroughly
before eating and smoking. Do not blow dust ofthilog or skin with compressed air. Maintain eye veapable of
sustained flushing, safety drench shower and faslfor washing.

DOT Regulations:
Hazard Class: 6.1
I dentification Number: UN156<
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Packing Group: [l
Proper Shipping Name: Barium compounds, n.o.s., toxic

The above information is believedbéocorrect, but does not purport to be all inclesind shall only be used as a
guide. ESPI shall not be held liable for any damagailting from handling or from contact with tHsoae product.

Prepared by: S. Dierks
Dated August 200
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MATERIAL SAFETY DATA SHEET

|. PRODUCT IDENTIFICATION

Manufacturer/Supplier:
ESPI Metals
1050 Benson Way, Ashland, OR 97520

Toll Free (800) 638-2581 * Fax (541) 488-8313

E-Mail: sales@espimetals.com

Trade Name: Bismuth
Formula: Bi

CAS: 7440-69-9
Chemical Family: Metal

[I.HAZARDOUS INGREDIENTS

Hazar dous Components: Bismuth
Per centage: 100
OSHA/PEL: N/E
ACGIH/TLV: N/E

HMISRatings: Health: 3~ Flammability: 3

[1I.PHYSICAL DATA

Boiling Paint: 1420C
Méelting Point: 271.8C
Specific Gravity 9.80 g/cc
Vapor Density: N/A

Solubility in H,0: Insoluble
Vapor Pressure: 1 mm at 10XC
% Volatile: N/E or N/A
Evaporation Rate: N/A

Reactivity: 0

Pagel of 3

Protective Equip: H: glasses, gloves, clothing, combo
resp.

Appearance and Odor: Gray to black powder, bright metallic solid ador.

V. FIRE AND EXPLOSION HAZARDS DATA

Flash Point: N/E or N/A
Autoignition Temperature: N/E
Explosive Limits: Lower: N/E  Upper: N/E

Extinguishing Media: POWDER: Use class D extinguisher or special poviaemetal fires. SOLID: Use suitable
extinguishing media for surrounding material angetyf fire.
Special Firefighting Procedures: Firefighters must wear full face, self-contairdathing apparatus and full protective
clothing to prevent contact with skin and eyes. Esifiom fire are hazardous. Isolate runoff to pnéesvironmental

pollution.

Unusual Fireand Explosion Hazards: Flammable when exposed to flame. May react wétd ar acid fumes to emit tox
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fumes. May react with [Bi(OH)+ Al(OH), coprecipitated, and hydrogen to produce a spoateshg flammable product.
Superficially oxidized by air.

V.HEALTH HAZARD INFORMATION

Effects of Exposure:

Bismuth and its salts can cause kidney damagewgththe degree of such damage is usually mildye dposes can be fat
Industrially it is considered one of the less taxi¢he heavy metals. Serious and sometimes faiabping may occur from
the injection of large doses into closed cavitied fiom extensive application to burns. It is siateat the administration of
bismuth should be stopped when gingivitis appdarsytherwise serious ulceration stomatitis is lljk® result. Other toxic
results may develop, such as a vague feeling afjbdidcomfort, presence of albumin or other protgsiilbstance in the
urine, diarrhea, skin reactions and sometimes segxodermatitis. (Sax, Dangerous Properties afdtichl Materials,
eighth edition)

Acute Effects:

Inhalation: POISON. May be a nuisance dust causing respyratigtation. May cause foul breath, metallic taated
gingivitis.

Ingestion: POISON. May cause malaise, albuminuria, diarrkken reactions, stomatitis, headache, fever, rlzienpain
and a black line may form on gums in the mouth.

Skin: May cause irritation

Eye: May cause irritation

Chronic Effects:

Inhalation: May affect the function of the liver and the kéys.

Ingestion: May affect the function of the liver and kidnejay cause anemia, black line may form on gumsidecerative
stomatitis.

Skin: May cause dermatitis.

Eye: No chronic health effects recorded.

Target Organs. May affect the kidneys and liver.

Medical Conditions Generally Aggravated by Exposure: Pre-existing skin and respiratory disorders.
Routes of Entry: Inhalation, Skin, and Ingestion

Carcinogenicity: None NTP?: No IARC Monographs?: No OSHA Regulated?: No

EMERGENCY AND FIRST AID PROCEDURES:

INHALATION: Remove to fresh air. If breathing is difficuliyg oxygen. Seek medical attention.

INGESTION: Administer 1-2 glasses of milk or water and inelwomiting. Seek medical attention. Never give himg by
mouth or induce vomiting in an unconscious person.

SKIN: Brush material off skin and wash area with soagh\water. Seek medical attention if symptoms persis

EYE: Flush eyes with lukewarm water for at least 16ute. Seek medical attention if symptoms persist.

VI.REACTIVITY DATA

Stability: Stable

Conditionsto avoid: Heat, flame, incompatible materials.

Incompatibilities: Aluminum, BrF;, acids, NOF, NENO,, HC1G,, Cl,, IF;, HNO;, HCIO,, oxidants.
Hazar dous Decomposition Products: Bismuth, oxides of bismuth and hydrogen.

Hazar dous Polymerization: Will not occur
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VII. SPILL OR LEAK PROCEDURES

Stepsto be Taken in Case Material isReleased or Spilled: Wear appropriate respiratory and protective emeipt
specified in section VIII. Isolate spill, insuregper ventilation and extinguish sources of ignitigacuum up spill using a
high efficiency particulate absolute (HEPA) aitdil and place in a container for proper disposakelcare not to raise dust.
Use non-sparking tools.

Waste Disposal Method: Dispose of in accordance with applicable Fed&tdie and Local regulations.

VI1ll. SPECIAL PROTECTION INFORMATION

Respiratory Protection (Specify Type): Wear a NIOSH-approved dust-mist-fume cartridggpiator.

Ventilation: Use local exhaust to maintain concentrationatdaposure levels. Handle powders in a controkeat/osed
environment. General exhaust is not recommended.

Protective Gloves: Rubber gloves

Eye Protection: Safety Glasses

Other Protective Equipment: Protective gear suitable to prevent contamination

IX. SPECIAL PRECAUTIONS

Precautionsto Be Taken in Handling and Storage: Store in tightly closed containers in a cool, gtgce. Store away from
incompatible materials. Wash hands and face thdnguafter handling and before meals.

Work Practices: Implement engineering and work practice conttolseeduce and maintain concentration of exposulevat
levels. Use good housekeeping and sanitation pesctDo not use tobacco or food in work area. Wlastoughly before
eating or smoking. Do not blow dust off clothingsiin with compressed air.

TSCA: Listed in the EPA TSCA Inventory

DOT Regulations:
Shot, Ingot, Pieces, Rod, Sheet:
Hazard Class: None
Powder:
Hazard Class: 4.1
Identification Number: UN3089
Packing Group: Il
Proper Shipping Name: Metal powder, flammable, n.o.s. (bismuth)

The above information is believed to be correct,dmes not purport to be all inclusive and shalubed only as a guide.
ESPI shall not be held liable for any damage rasufrom handling or from contact with the abovegtuict.

Issued by: S. Dierks
Date April 200€
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ESFT

ELECTRONIC SPACE PRODUCTS INTERNATIONAL

1050 Benson Way, Ashland, OR 97520
Toll Free (800) 638-2581 * Fax (541) 488-8313
E-Mail: sales@espimetals.com

MATERIAL SAFETY DATA SHEET

I PRODUCT IDENTIFICATION

Trade Name: Bismuth Titanate Chemical Family: Metal Oxide
CAS#: 112010-77-4 Formula: BTi50;,

[ HAZARDOUSINGREDIENTS

Hazar dous Components % OSHA/PEL ACGIH/TLV Sec 302 Sec 304 Sec
313
Bismuth Titanate 0-100 N/E N/E No No No

HMIS Ratings: Health: 3 Flammability: 0  Reactivity: 1  Protective Equip: H: goggles, gloves, apron, vapor

respirator
Il PHYSICAL DATA
Boiling Poaint: 87C M elting Poaint: 870C
Specific Gravity (H,0=1): N/E Vapor Pressure: N/E
Vapor Density: N/A Evaporation Rate: N/A
Solubility in H,0: Insoluble % Volatile: N/A
Appearance and Odor: Light yellow powder and piecas,odor.
v FIRE AND EXPLOSION HAZARD DATA
Flash Point: N/A Method Used: Nor-flammable
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Explosive Limits: Lower: N/A  Upper: N/A

Extinguishing M edia: Use suitable extinguishing media for surroundimaferials and type of fire.

Special Firefighting Procedures: Firefighters must wear full face, self-contairdathing apparatus with full protective
clothing to prevent contact with skin and eyes. Esifiom fire are hazardous. Isolate runoff to pnéesvironmental
pollution.

Unusual Fireand Explosion Hazar ds: None recorded

\% HEALTH HAZARD INFORMATION

Effects of Exposure:

To the best of our knowledge the citainphysical and toxicological properties of bigititanate have not been
thoroughly investigated and recorded.

Bismuth and bismuth salts can caudedy damage, althou the degree of such damagsadly mild. Large
doses can be fatal. Industrially it is considered of the less toxic of the heavy metals. Seriousssometimes fatal
poisoning may occur from the injection of large eo@to closed cavities and from extensive apptioab burns. It is
stated that the administration of bismuth shouldtopped when gingivitis appears, for otherwis@sesrulceration
stomatitis is likely to result. Other toxic resultgy develop, such as a vague feeling of bodilgadigort, presence of
albumin or other protein substance in the urinatrtiea, skin reactions and sometimes serious exadigis.

Titanium compounds are consideredsjaygically inert. There are no reported casesre/tieanium compounds
have caused intoxication. The dusts of titaniurmost titanium oxide may be placed in the nuisartegory. (Sax,
Dangerous Properties of Industrial Materials.)

Acute Effects:

Inhalation: POISON. May be a nuisance dust causing respyratidtation. May cause foul breath, metallic taated
gingivitis.

Ingestion: POISON. May cause malaise, albuminuria, diarrekam reactions, stomatitis, diarrhea, headacherfe
rheumatic pain and a black line may form on gumbé@mouth.

Skin: May cause irritation.

Eye: May cause irritation.

Chronic Effects:

Inhalation: May affect the function of the liver and kidneys.

Ingestion: May affect the function of the liver and kidnejsay cause anemia, black line may form on gums and
ulcerative stomatitis.

Skin: May cause dermatitis.

Eye: No chronic health effects recorded.

Target Organs. May affect the liver and kidneys.
Medical Conditions Generally Aggravated by Exposure: Pre-existing skin and respiratory disorders.
Carcinogenicity: NTP: No IARC: No OSHA: No

EMERGENCY AND FIRST AlID PROCEDURES:

INHALATION: Remove victim to fresh air, keep warm and qugete oxygen if breathing is difficult and seek meadi
attention.

INGESTION: If conscious, give 1-2 glasses of milk or wated induce vomiting; keep warm and quiet. Seek nadic
attention. Never give anything by mouth or induoeniting in an unconscious person.

SKIN: Remove contaminated clothing, brush materiabkifi, wash affected area with mild soap and w&eek medice
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attention if symptoms persist.
EYE: Flush eyes with lukewarm water, lifting upper doder eyelids, for at least 15 minutes. Seek n@dittention if
symptoms persist.

Vi REACTIVITY DATA

Stability: Stable
Conditionsto Avoid: None
Incompatibility (M aterialsto Avoid): None recorded

Hazar dous Decomposition Products: None recorded
Hazar dous Polymerization: Will not occur.

VII SPILL OR LEAK PROCEDURES

Stepsto Be Taken in Case Material is Released or Spilled: Wear appropriate respiratory and protective emeipt
specified in section VIII. Isolate spill area andyide ventilation. Vacuum up spill using a higli@éncy particulate
absolute (HEPA) air filter and place in a closedtamer for proper disposal. Take care not to rdiss.

Waste Disposal M ethod: Dispose of in accordance with all Federal, Ssaig Local regulations.

VIl SPECIAL PROTECTION INFORMATION

Respiratory Protection: NIOSH approved dust-mist-fume respirator.
Ventilation: Use local exhaust to maintain concentration dtedow the PEL, TLV. General exhaust is recommended

Protective Gloves: Rubber gloves
Eye Protection: Safety glasses

Other Protective Clothing or Equipment: Protective gear suitable to prevent contamination

IX SPECIAL PRECAUTIONS

Precautionsto Be Taken in Handling and Storage: Store in a tightly sealed container. Store imalcdry area. Wash
thoroughly after handling. Ensure good ventilatidithe workplace. Open and handle container witb.ca

Work Practices: Implement engineering and work practice conttolszaduce and maintain concentration of exposure at
low levels. Use good housekeeping and sanitatiantipes. Do not use tobacco or food in work areashthoroughly
before eating or smoking. Do not blow dust off blog or skin with compressed air.

The above information is believedbéocorrect, but does not purport to be all inclesind shall be used only as a
guide. ESPI shall not be held liable for any damagailting from handling or from contact with tHsoae product.
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Issued by: S. Dierks
Date July 200!

http://lwww.esg-metals.com/msds's/Bismuth%20Titanate. 2/11/200:



Approved By:
D. Mehls 2/4/97

MORGAN ELECTRO CERAMICS | Document N:

MS-1379

Approved By:
W. Hocevar 2/4/97

Type: Material

Specification

Prepared By:

Title: MSDS for PZT Powder

Creation Date:

B. Hocevar 2-4-97
M. Collis
Revision Record
Rev. Date Change Description Changed By
N/C 2-4-97 Initial Release
11-15-99 DCN 9096 MC

B 10-22-04 DCN 10593 TJ

C 4-26-06 DCN 10926 MP
Page 1of7 Computer Generated Document Do Not Change Manually MS1379C




TITLE: MSDS for PZT Powder TYPE | Specification

poc . MS-1379 Rev. C

NUM.

v
£ Morgan
MorganElectroCeramics

MATERIAL SAFETY DATA SHEET

UCT AND COMPANY IDENTIFICATION

Manufacturer’s Name Emergency Telephone Number

Morgan Electro Ceramics CHEMTREC: 1-800-424-9300

(440) 232-8600

Address Date Prepared

232 Forbes Road February 17, 2006

Bedford, Ohio 44146 (Replaces October, 2004 version)

Product Name Trade Names and Synonyms

Piezoelectric Ceramic Powder: MEC Grades: PZT-402, PZT-404, PZT-4M, PZT4S, PZT-

Lead Zirconate Titanate (PZT) 5A3, PZT-501, PZT-5H2, PZT-5J1, PZT-5K, PZT-5L, PZT-
502, PZT-508, PZT-701, PZT-702, PZT-801, PZT-8D, PZT-

Lead Magnesium Niobate — Lead

Titanate (PMN-PT) 8M, PMN-PT

| SECTION 2—HAZARDS IDENTIFICATION

Potential Health Effects:

Eyes: Can cause mechanical irritation. Particles imbedded in the eyes can cause
inflammation, degeneration of tissue and discoloration.

Skin: Repeated and prolonged exposure can cause irritation and dermatitis,
mostly through mechanical abrasion. The toxic metal constituents are
present as complex mixtures of oxides and are not generally released from
the products or absorbed through skin.

Ingestion: Ingested lead-containing dust can accumulate in the body and cause long-
term damage to the nervous system, the brain and kidneys. Exposure to
Lead has been linked to reproductive disorders and birth defects.

Inhalation:  Chronic (long term) exposure to inhalable Lead-containing dusts may
cause health effects similar to that for ingestion. Exposure to dust can
cause respiratory irritation, especially aggravating to pre-existing
conditions and long-term inhalation of dust can result in lung damage.
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| SECTION 3—COMPOSITION INFORMATION

Lead Zirconate Titanate or Lead Magnesium Niobate-Lead Titanate.

These materials are complex oxide ceramics. The ceramics contain no discrete elemental
metal or metal oxide components that may become chemically or biologically available
during normal handling and use. The raw materials for these products include hazardous
components. Lead and its compounds make up 70% by weight of the products, nickel and
its compounds up to 5% by weight, and uranium and antimony and their compounds up to
1% by weight.

No specific hazard information is available on the dust that may be generated from these
products during normal handling and use. Therefore, as a precautionary measure, these
products should be treated as if their hazardous components were chemically or biologically
available during normal handling and use. Lead may be leached from these products in
neutral, acidic and alkaline aqueous solutions.

| SECTION 4—FIRST AID PROCEDURES

Eyes: Flush with water. Seek medical attention if irritation continues.

Skin: If irritation develops, wash exposed area with soap and water. Remove
contaminated clothing and launder before re-use.

Ingestion: | No adverse effects requiring first aid are anticipated by this route of exposure
in normal handling and use. However, if symptoms develop or persist, seek
medical attention. In case of an acute ingestion, induce vomiting in a
conscious individual and seek medical attention.

Inhalation: | In the case of acute exposure, remove individual to fresh air and seek medical
attention if
symptoms develop or persist.
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SECTION 5—FIRE FIGHTING MEASURES

This product is not very combustible, but may burn if exposed to high temperatures.

Flash
Point:

Not applicable.

Flammable

Limits:

Not applicable.

Extinguishing Media: Use CO,, sand, dry chemical or water to extinguish.

Special Fire Fighting Procedures: Use protective clothing and self-contained breathing
apparatus appropriate for the surrounding fire.

Unusual Fire and Explosion Hazards: Metal Oxide fumes, vapor and/or dust may occur
and are considered toxic and respiratory irritants.

SECTION 6—ACCIDENTAL RELEASE MEASURES

Clean area of spill, returning all material possible to container. Wear gloves, goggles and
an appropriate NIOSH-approved respirator, if airborne concentrations exceed established
exposure limits. Avoid creating, breathing and ingesting airborne dust. Use a vacuum with
a high efficiency filters (HEPA). Do not broom, sweep or use compressed air for cleaning.

SECTION 7—HANDLING AND STORAGE

Store in cool, dry, well-ventilated area away from strong acids and bases. Practice good
housekeeping to avoid the accumulation of dust in the workplace and with the
requirements set forth in the OSHA Lead Standard 29 CFR 1910.1025. Avoid creating and
breathing airborne dust. Use a vacuum with a high efficiency filters (HEPA) if significant
amounts of dust are created. Do not broom, sweep or use compressed air to blow off dust.
Wash hands thoroughly after handling and do not eat or drink in areas where handled.

| SECTION 8—EXPOSURE CONTROLS/PERSONAL PROTECTION

Before using these products, be familiar with the OSHA Lead Standard, 29 CFR 1910.1025.
Controlling exposures to dust to meet the lead permissible exposure limit (PEL) will ensure

that the PELs for nickel, uranium and antimony will not be exceeded.

MATERIAL CAS NO. OSHA PEL ACGIH TLV
Lead 7439-92-1 0.05 mg/m’ 0.05 mg/m’
Zirconium 7440-67-7 5 mg/m’ 5 mg/m’ TWA, 10 mg/m” STEL
Titanium 7440-32-6 None Established None Established
Niobium 7440-03-1 None Established None Established
Strontium 7440-24-6 None Established None Established
Nickel 7440-02-0 1 mg/m’ 1.5 mg/m’

Barium 7440-39-3 None Established None Established
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MATERIAL CAS NO. OSHA PEL ACGIH TLV
Lanthanum 7439-91-0 None Established None Established
Iron 7439-89-6 0.5 mg/m’ 0.5 mg/m’
Uranium 7440-61-1 0.25 mg/m? 0.2 mg/m® TWA, 0.6 mg/m?® STEL
Antimony 7440-36-0 0.5 mg/m’ 0.5 mg/m’
Manganese 7439-96-5 1 mg/m’ 0.2 mg/m’
Yttrium 7440-65-5 1 mg/m’ 1 mg/m’
Tin 7440-31-5 2 mg/m’ 2 mg/m’

Ventilation: Provide sufficient general and local exhaust ventilation to maintain

airborne concentrations below established exposure limits.

Respiratory Use an appropriate NIOSH-approved respirator if airborne

Protection: concentrations exceed established exposure limits. Utilization of
respiratory equipment should be in accordance with 29 CFR
1910.1025 and 29 CFR 1910.134

Protective Avoid direct skin contact, wear normal work clothing during product

Clothing: use and handling. Protective clothing is required if lead exposure

exceeds PEL (see above). Work clothing should be left at work site
and be properly laundered or disposed after use, with the wash
water disposed of in accordance with local, state and federal
regulations. Personal clothing, including shoes should be protected
from contamination.

Eye Protection: Wear chemical/safety glasses with side shields.

| SECTION 9—PHYSICAL AND CHEMICAL PROPERTIES

Appearance: Yellow or tan powder Odor: No odor
Melting Point: 1,647 °F Boiling Point: 2,691 °F
(Approximately) (Approximately)
Vapor Pressure 10 @ 1,985 °F Percent Not applicable
(mmHg): Volatile:
Vapor Density: Not applicable Evaporation Not applicable
Rate:
Solubility in Water: Not applicable Specific 7.6
Gravity:
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| SECTION 10—STABILITY AND REACTIVITY

Stability: Stable to 500 °C. Do not heat in the presence of strong oxidizers.

Hazardous High temperatures or fire may produce metal oxide fumes, vapor and/or
Decomposition: | dust.

Hazardous Not applicable.
Polymerization:

| SECTION 11—TOXICOLOGICAL INFORMATION

Carcinogenicity: The International Agency for Research on Cancer (IARC) classifies Lead Compounds (not
metallic lead) as a Category 2A (probably carcinogenic to humans). The National Toxicology Program (NTP)
classifies Lead/Lead Compounds as reasonably anticipated to be a human carcinogen based on limited human
evidence and laboratory testing of animals.

| SECTION 12—ECOLOGICAL INFORMATION

Lead has a high acute and chronic toxicity to aquatic life. Lead causes nerve and behavioral effects in animal life
and can bio-accumulate.

| SECTION 13—DISPOSAL CONSIDERATIONS

Dispose in accordance with federal, state, and local regulations.

| SECTION 14—TRANSPORT INFORMATION

This product is regulated as a hazardous material/dangerous good for transportation purposes by US DOT and
ICAOQ/IATA. This product is transported as:

Lead compounds, soluble, n.o.s., (Piezoelectric Ceramic Powder), 6.1, UN2291, PG III
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| SECTION 15—REGULATORY INFORMATION
CERCLA: Lead/Lead Compounds and nickel are CERCLA Hazardous

Toxic Substances

Substances, if in a dust form.

All ingredients are listed on the TSCA inventory.

Control Act (TSCA):

SARA Title III,

Section 313:

OSHA:

State Regulatory

Information:

Lead/lead compounds, nickel and antimony are subject to the
reporting requirements of Section 313 of the Emergency Planning
and Community Right-to-Know Act.

The control of Lead in general industry is addressed in 29 CFR 1919.1025.

No additional information.

SECTION 16—SPECIAL INFORMATION

Reasonable care has been taken in the preparation of the information contained in this
Material Safety Data Sheet and the information provided is given in good faith. However,
Morgan Electro Ceramics assumes no responsibility as the accuracy of the information
drawn from raw material supplier Material Safety Data Sheets and other sources. No
warranty, expressed or implied, is made. The information contained in this Material Safety
Data Sheet relates to the piezoelectric ceramic powder manufactured and sold by Morgan
Electro Ceramics and to the dust that may be generated in shipping, handling and use.

Distribution Number of Copies
Facilities Manager 1
Purchasing Manager 1
Company Website 1
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ELECTRONIC SPACE PRODUCTS INTERNATIONAL

1050 Benson Way, Ashland, OR 97520
Toll Free (800) 638-2581 * Fax (541) 488-8313
E-Mail: sales@espimetals.com

MATERIAL SAFETY DATA SHEET

I PRODUCT IDENTIFICATION

TradeName:  Lead Titanate Chemical Family: Metal titanate
Synonyms: Lead metatitanate Formula: PbTiO
CAS#: 12060-00-3

[ HAZARDOUSINGREDIENTS

Hazar dous Components % OSHA/PEL ACGIH/TLY  Other Limits  Sec. 302 Sec. 304 Sec.

313
Lead Titanate 0-100 .05RiY(m? .15 mg(Pb)/h AL 30ug/mi  No Yes10lb  Yes
HMIS Ratings (0-4): Health: 3 (chronic health hazard) Flammability: O Reactivity: 0
HMIS Protective Equipment: G: glasses, gloves, combination respirator.
[l PHYSICAL DATA
Boiling Poaint: N/E or N/A Melting Point: N/E or
N/A
Vapor Pressure: N/E Specific Gravity (H,0 = 1): 7.52
gm/cc
Vapor Density: N/A Solubility in
H,0:
Appearance and Odor: Yellow powder, no odor. % Volatile: N/E or
N/A

v FIRE AND EXPLOSION HAZARD DATA
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Flash Point: N/E or N/A Method Used: Non-flammable
Explosive Limits: Lower: N/A  Upper: N/A

Extinguishing Media: Use suitable extinguishing media for surroundimaferials and type of fire.

Special Firefighting Procedures: Firefighters must wear full face, self-contairdathing apparatus with full protective
clothing to prevent contact with skin and eyes. Esifiom fire are hazardous. Isolate runoff to pnéesvironmental
pollution.

Unusual Fireand Explosion Hazar ds: When heated to decomposition, lead titanate maiytexic fumes of lead.

\Y HEALTH HAZARD INFORMATION

Routes of Entry: Inhalation, ingestion.
Effects of Exposure:

Some lead compounds are experimeetgblastigens and tumorigens. Lead poisoning isobitlee commonest of
occupational diseases. The lead must be lin suah, fand so distributed, as to gain entrance inéditdy or tissues of the
worker in measurable quantity, otherwise no exposan be said to exist. Some lead compounds arimogens of the
lungs and kidneys. Lead is a cumulative poisorreasing amounts build up in the body and eventualgh a point
where symptoms and disability occur.

Titanium is generally considered ¢éophysiologically inert. There are no reported sasedhe literature where
titanium as such has caused human intoxication.dlisés of titanium or most titanium compounds salitanium oxide
may be placed in the nuisance category.

Acute Effects:

Inhalation: DANGER-POISON. May cause irritation to the uppespiratory system, insomnia, dryness of the maath
a metallic taste.

Ingestion: DANGER-POISON. May cause constipation and abdahpain, colic tremors, nausea, vomiting, diarrhea,
metallic taste, loss of appetite, irritability amaiscle pain. May cause acute lead toxicity.

Skin: May cause irritation.

Eye: May cause irritation.

Chronic Effects:

Inhalation: May cause chronic lead toxicity. May be toxiche central and peripheral nervous system afftgdtie
cerebellum, spinal cord, motor and sensory nerves.

Ingestion: May cause anemia, gingival lead line, paralysithe wrist and permanent neurological injury. Mayse
chronic lead toxicity. May cause nephritis, scayramd shrinking of the kidney tissue.

Skin: No chronic health effects recorded.

Eye: No chronic health effects recorded.

Target Organs. May affect the gastrointestinal tract, centramoes system, kidneys, blood, skin and the gingigsue.
Medical Conditions Generally Aggravated by Exposure: Pre-existing lung and circulatory disorders.
Carcinogenicity: NTP: No IARC: No OSHA: Yes

EMERGENCY FIRST AID PROCEDURES:

INHALATION: Remove victim to fresh air, keep warm and qugete oxygen if breathing is difficult and seek meadi
attention
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INGESTION: Give 1-2 glasses water or milk and induce vorgitseek medical attention. Never induce vomitingioe
anything by mouth to an unconscious person.

SKIN: Remove contaminated clothing, brush materiakkiih, wash affected area with mild soap and w&eek medical
attention if symptoms persist.

EYE: Flush eyes with lukewarm water, lifting upper doder eyelids, for at least 15 minutes. Seek nmaddittention if
symptoms persist.

Vi REACTIVITY DATA

Stability: Stable

Conditionsto Avoid: None
Incompatibility (M aterial to Avoid): None

Hazar dous Decomposition Products: Fumes of lead.
Hazar dous Polymerization: Will not occur.

VII SPILL OR LEAK PROCEDURES

Stepsto Be Taken in Case Material is Released or Spilled: Wear appropriate respiratory and protective emeipt
specified in Section VIII. Isolate spill area andbyide ventilation. Vacuum up spill using a higffi@&ncy particulate
absolute (HEPA) air filter and place in a closedtamer for proper disposal. Take care not to rdiss.

Waste Disposal Method: Dispose of in accordance with Federal, Statelayudl regulations.

VIl  SPECIAL PROTECTION INFORMATION

Respiratory Protection: Select according to OSHA 29 CFR 1910.1025(f)(@pI€ 1.
Ventilation: Use local exhaust to maintain concentration dtedow the TLV, PEL. General exhaust is not recomaesl.

Protective Gloves: Rubber gloves. Eye Protection: Safety glasses.
Other Protective Clothing or Equipment: Protective gear suitable to prevent contamination

IX SPECIAL PRECAUTIONS

Precautionsto Be Taken in Handling and Storage: Store in a tightly closed container in a cool; drea. Wash
thoroughly after handling.

Work/Hygienic/M aintenance Practices: Implement engineering and work practice conttolszsduce and maintain
concentration of exposure at low levels. Use gamasbkeeping and sanitation practices. Do not ussctm or food in
work area. Wash thoroughly before eating or smakidmnot blow dust off clothing or skin with compsed air.
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Some of the chemicals listed hereérasearch or experimental substances which magxoy, as defined by
various governmental regulations. In accordanch ®itvironmental Protection Agency regulations drelToxic
Substance Control Act (TSCA), these materials shouly be handled by, or under the direct supemisif, a
“technically qualified individual”, as defined irDACFR 710.2(aa).

The above information is believedbéocorrect, but does not purport to be all inclesind shall be used only as a
guide. ESPI shall not be held liable for any damagailting from handling or from contact with tHsoae product.

Issued by: S. Dierks
Dated January 19¢
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ESFT

ELECTRONIC SPACE PRODUCTS INTERNATIONAL

1050 Benson Way, Ashland, OR 97520
Toll Free (800) 638-2581 * Fax (541) 488-8313
E-Mail: sales@espimetals.com

MATERIAL SAFETY DATA SHEET

I PRODUCT IDENTIFICATION

TradeName:  Lead Zirconate Chemical Family: Metal zirconate
Formula: PbzrQ CAS#: 12060-01-4

[ HAZARDOUSINGREDIENTS

Hazardous Components % OSHA/PEL ACGIH/TLY  Other Limits  Sec.302 Sec.304  Sec.

313
Lead Zirconate 0-100  .05(RMy/m? .15 mg(Pb)/h AL 30ug/nt  No Yes1lb Yes
HMIS Ratings (0-4): Health: 3 (chronic health hazard) Flammability: O Reactivity: 0

HMIS Protective Equipment: G: glasses, gloves, combination respirator.

Il PHYSICAL DATA

Boiling Poaint: N/E or N/A Melting Point: N/E or
N/A

Vapor Pressure: N/E Specific Gravity (H,0 = 1): N/E

Vapor Density: N/A Solubility in H,0: N/E

Appearance and Odor: Orange-yellow powder, no odor. % Volatile: N/E or
N/A

v FIRE AND EXPLOSION HAZARD DATA

Flash Point: N/E or N/A Method Used: Non-flammable
Explosive Limits: Lower: N/A  Upper: N/A
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Extinguishing Media: Use suitable extinguishing media for surroundimaterials and type of fire.

Special Firefighting Procedures: Firefighters must wear full face, self-contairdathing apparatus with full protective
clothing to prevent contact with skin and eyes. Esifiom fire are hazardous. Isolate runoff to pnéesvironmental
pollution.

Unusual Fireand Explosion Hazard: When heated to decomposition, lead zirconate emaiy toxic lead oxide fumes.

\% HEALTH HAZARD INFORMATION

Effects of Exposure:

To the best of our knowledge the citainphysical and toxicological properties of leatonate have not been
thoroughly investigated and recorded.

Some lead compounds are experimeetgblastigens and tumorigens. Lead poisoning isobitlee commonest of
occupational diseases. The lead must be in suah famd so distributed, as to gain entrance intdtdy or tissues of the
worker in measurable quantity, otherwise no exposan be said to exist. Some lead compounds arimogens of the
lungs and kidneys. Lead is a cumulative poisorreasing amounts build up in the body and eventualgh a point
where symptoms and disability occur.

Zirconium compounds are not an imgatrindustrial poison. Most zirconium compounds@mmon use are
insoluble and considered inert. Pulmonary granulommrconium workers has been reported.

Acute Effects:

Inhalation: DANGER-POISON. May cause irritation to the uppespiratory system, mucous membranes of the nake an
throat, insomnia, dryness of the mouth and a nietalte.

Ingestion: DANGER-POISON. May cause constipation and abdahpain, colic, tremors, nausea, vomiting, diarrhea
metallic taste, loss of appetite, irritability amdiscle pain. May cause acute lead toxicity.

Skin: May cause irritation.

Eye: May cause irritation.

Chronic Effects:

Inhalation: May cause chronic lead toxicity. May be toxiahe central and peripheral nervous system affedking
cerebellum, spinal cord, motor and sensory nerves.

Ingestion: May cause anemia, gingival lead line, paralysithe wrist and permanent neurological injury. Mayse
chronic lead toxicity. may cause nepbhritis, scarand shrinking of the kidney tissue.

Skin: May cause skin granulomas.

Eye: No chronic health effects recorded.

Target Organs. May affect the gastrointestinal tract, respirptand central nervous system, kidneys, blood, akihthe
gingival tissue.

Routes of Entry: Inhalation, ingestion.

Medical Conditions Generally Aggravated by Exposure: Pre-existing lung and circulatory disorders.

Carcinogenicity: NTP: No IARC: No OSHA: Yes

EMERGENCY AND FIRST AID PROCEDURES:

http://lwww.esg-metals.com/msds's/Lead%20Zirconate 2/11/200:



Page3 of 4

INHALATION: Remove victim to fresh air, keep warm and qujete oxygen if breathing is difficult and seek nodi
attention.

INGESTION: Give 1-2 glasses of milk or water and induce womgi Seek medical attention. Never induce vomiting
give anything by mouth to an unconscious person.

SKIN: Remove contaminated clothing, brush materiabkiifi, wash affected area with mild soap and wateek medical
attention if symptoms persist.

EYE: Flush eyes with lukewarm water, lifting upper doder eyelids, for at least 15 minutes. Seek nmaddittention if
symptoms persist.

Vi REACTIVITY DATA

Stability: Stable

Conditionsto Avoid: None
Incompatibility ( Material to Avoid): None recorded.

Hazar dous Decomposition Products: Fumes of lead oxides.
Hazar dous Polymerization: Will not occur.

VII SPILL OR LEAK PROCEDURES

Stepsto Be Taken in Case Material is Released or Spilled: Wear appropriate respiratory and protective emeipt
specified in Section VIII. Isolate spill area andbyide ventilation. Vacuum up spill using a higffi@ééncy particulate
absolute (HEPA) air filter and place in a closedtaier for proper disposal. Take care not to reis.

Waste Disposal Method: Dispose of in accordance with Federal, Statelayudl regulations.

VIl SPECIAL PROTECTION INFORMATION

Respiratory Protection: Select according to OSHA 29 CFR 1910.1025 (fyiaple I1.
Ventilation: Use local exhaust to maintain concentration dtadow the TLV, PEL. General exhaust is not recomadel.

Protective Gloves: Rubber gloves Eye Protection: Safety glasses.
Other Protective Clothing or Equipment: Protective gear suitable to prevent contamination

X SPECIAL PRECAUTIONS

Precautionsto Be Taken in Handling and Storage: Store in a tightly sealed container in a cooy, @ra. Wash
thoroughly after handling.
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Work/Hygienic/M aintenance Practices: Implement engineering and work practice conttolszsduce and maintain
concentration of exposure at low levels. Use gamashkeeping and sanitation practices. Do not ussctm or food in
work area. Wash thoroughly before eating and sngphiro not blow dust off clothing or skin with congsised air.

Some of the chemicals listed hereénrasearch or experimental substances which mayxiee as defined by
various governmental regulations. In accordanch ®itvironmental Protection Agency regulations drelToxic
Substance Control Act (TSCA), these materials shouly be handled by, or under the direct supemisif, a
“technically qualified individual” , as defined #0 CFR 710.2(aa).

The above information is believed&correct, but does not purport to be all inclasind shall be used only as a
guide. ESPI shall not be held liable for any damagailting from handling or from contact with tHsoae product.

Issued by: S. Dierks
Dated January 19¢
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