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Attachment 1
Appendix A – Hydrofluoric Acid MSDS

Appendix B – Sulfuric MSDS

1.0 Scope

This document covers the process required to electro-polish (EP) niobium in the MDTL.  This process uses mixed acids and rinse solutions to decrease the average surface roughness and remove surface contaminants normally found in the material from the machining process and normal handling.
Three different processes will be covered in this document:

● 
General electro-polishing of samples (section 3.0),
● 
Preparation of niobium ‘needles’ (section 4.0).
● 
Electro-polishing using a pumped acid flow system (section 5.0)
2.0 Safety Requirements

2.1 General Safety Overview
Hydrofluoric acid work shall be limited to a maximum of 5 liters of mixed acid, for any acid process at MDTL with a limit of 10 liters per month.  All hydrofluoric acid used will be recorded in the “Acid Usage Log”.  A copy of this log will be given to the Senior Safety Officer of Technical Division by the Chemical Hygiene Officer on a weekly basis.  The SSO will serve as a monitor for the amount of hydrofluoric acid used within MDTL.

For each process a “Hydrofluoric Acid Work Authorization Form #5520_FM-333852” and an MDTL HF Work Checklist #5520-FM-333840” must be filled out and signed by the supervisor and all workers.

The hydrofluoric acid purchased for acid work will be limited to a maximum of 500 mL bottles due to the hazards involved in handling this acid.  The sulfuric acid will be limited to a maximum size of 2.5 liter bottles. 

An acid carrier will be used when transporting the bottles within the wet-chemistry area.   In the hood, an appropriate secondary containment will be used at all times.  

All acid handling steps are to be performed under an operating ventilation hood located next to the emergency eyewash and shower.  Acid resistant PPE must be used and shall as described in Section 2.5.

The “HF Use in Progress” warning light must be activated. The audible alarm system will trigger when the door is opened.  This audible alarm should be checked to make sure that it is working.  Also, at the laboratory entrance, there is an orange strobe light that must be put near the door and turned on.
Turn on the portable RKI- Eagle, HF Gas Detector and make sure that the power reading is at least 5.0 V (DC) and the HF reading: 0.00 ppm at start up.  The unit will not turn on if battery voltage is too low.  Replace the batteries if reading is at 5.0 volts as a precaution.  New batteries will read out at 6.0 volts. Note: the gas detector will alarm if battery voltage is too low.

Check that the wall mounted, Beacon 110 HF, Gas Detectors read-out is at 0 ppm and that the green light is on by the flow meter.

All appropriate PPE must be worn during the process. Gloves must be kept dry at all times when etching.  If gloves become wet due to handling ice or water, dry them completely before resuming the etching.  If at any time you notice a drop of water or suspect acid on the gloves, immediately rinse gloves thoroughly and then dry them.  For long etch procedures (> 10 min.) repeatedly rinse and dry gloves completely throughout the etching process, so as to remove any acid which is not seen by the “naked” eye and to maintain good integrity of the gloves.
· EP cannot be done unless Three PEOPLE are present in the wet chemistry area at all times (see section 2.2).
· EP cannot be done without proper training and review of documentation (see section 2.3).
· All persons performing EP etching must have an understanding of the location of the hood, safety shower, eye wash station, antidote, acid, phone, PPE and pH strips (see section 2.4).
· Proper Personal Protective Equipment (PPE) must be worn (see section 2.5).
· It is important to avoid contact with EP acid as it is very dangerous.
· All persons performing EP etching must have a thorough understanding of the emergency procedures (see section 2.6) and must have their own tube of calcium gluconate at home.
2.2 Three-Man Rule

During any EP operation 3 people will be needed during the entire operation. Two people will be inside the wet chemistry area and one person outside the wet chemistry area.  The two people inside the wet chemistry area will be directly involved with the etching process.  The one person outside the wet chemistry area will bring various non-hazardous materials needed to the wet chemistry area, will stop people from entering 36a Neuqua, and will call 3131 and 3232 during an emergency.  

The primary person performing an EP etch shall have one person to assist during any etching of parts.  The job of the second person is to assist the primary person in etching during normal operation.  In case of exposure with the acid the job of the non-exposed person is to assist the exposed person.  Once the person affected is rinsing/showering, the assistant must confirm that the person outside the wet chemistry area has called 3131 and 3232 to inform emergency personnel and medical of the exposure.  This is an emergency.  

2.3 Training & Documentation
The people in the wet chemistry area performing an EP etch and the people outside the wet chemistry area must be informed of all applicable FESHM chapters, TD and MDTL safety policies/procedures, and the associated Material Safety Data Sheets (MSDS).  The appendices contain reference MSDSs for nitric, phosphoric and hydrofluoric acid used in this procedure.  In addition, MSDSs can also by found on-line in the Fermilab ES&H, MSDS database
. Applicable FESHM chapters and TD policies include:

· FESHM 5051 Hazard Communication;

· FESHM 5100 PPE;

· FESHM 8000 Environmental Protection;

· FESHM 8021 Chemical and Radioactive Waste Management

· FESHM 8025 Wastewater Discharges to Sanitary Sewers

· FESHM 8030 Spills and Releases;

· TD Chemical Hygiene Plan
Any person performing an EP etch must also fulfill the following requirements:

· Read and understood hydrofluoric acid first aid instructions;

· Read and understand the HF Emergency Response Procedures OP-333846
· Receive approval by Technical Division ES&H and the MDTL Chemical Hygiene Officer;

· Complete the Hydrofluoric Acid First Aid training: TD-000003-CR-01;

· Complete the Fermilab ES&H Hydrofluoric Acid Safety training: FN000404/CR;

· Complete the Chemical Hygiene Plan training: TD505101-MDTL;

· Complete the Hazard Communication training: FN000156;
· Complete the EP Process at MDTL training (classroom): TD-505102-01-CR;

· Complete the EP Process at MDTL training (on-the-job): TD-505102-01-OJ.

In addition, any person mixing the acids must fulfill the following requirement:

· Complete Acid Mixing at MDTL training: TD000011-01-CR.
2.4 Understanding of Area
All safety signs in the hood area must also be read.  The antidote to hydrofluoric acid exposure, calcium gluconate jelly, must be close to the area where the acid is being handled.  The expiration date of the calcium gluconate must be checked each time before EP is done to see if it is still good. A discussion about how to respond to an emergency during etching shall be done prior to any work, every time hydrofluoric acid or EP solution is being used.  Make a note as to where acid absorbent material is kept in case of an acid spill.  Notice where the safety shower/eye wash is located.  Notice where the phone is located.  Notice where the pH strips are stored as they must be used to check the acidity of any spill.

2.5 Personal Protective Equipment (PPE)

Protective garments must be worn to cover almost every area where acid could contact a worker when working with acids during the BCP process.  This includes goggles, face shield, gloves, boots, and a body suit.  The currently approved garments are listed below.

For Workers in the Wet Chemistry Area:

	Item
	Requirements
	Picture

	Coveralls
	1. Cover the body from the neck to the ankles, excluding the hands.

2. Hydrofluoric acid resistant;

3. Made of Tyvek/Saranex SL or other material capable of withstanding hydrofluoric acid for GREATER than 480 minutes;

4. Have elastic at both the wrists and ankles, or if there is no elastic the wrists and ankles must be taped tightly.
	1

	Goggles/Face shield
	1. Cover the face and head;

2. Chemical goggles (Uvex # S3960C or equivalent);

3. Face shield equipped with a polycarbonate window, crown protector and headgear.

The face shield and goggles are not meant to be acid resistant but are meant to protect from acid splashes.  
	2

	Gloves
	1. Two pair of gloves are to be worn;

2. Outer-gloves shall be Ansell Edmont, Embossed Grip, 17 mil thick Neoprene glove (Part #8159-8 from Lab Safety Supplies). NOTE: the requirement is capability of withstanding 2 hours of submersion in hydrofluoric acid, as well as having embossed grip;
3. A second pair of gloves that have at least minimal acid resistance must be worn under the outer gloves.

4. Gloves are to be inspected prior to each use (see statement below).
	3

	Boots
	1. Footwear shall consist of knee-boots made of Superpoly (urethane/vinyl compound) or other material rated with a high degree of resistance to acids, oils, and other chemicals;

2. Minimum of 14 inches high to cover the ankles and part of the shin area.

For temporary use only (1 or 2 times until boots are ordered) an acid resistant spat that covers the top of the foot may be worn over the shoes.
	3


For Workers Outside the Wet Chemistry Area:

· The PPE for the area monitor is a lab coat and eye-protection as long as they are under the guidance of the lead person performing the acid process.
When putting on the protective garments, the elastic of the coveralls shall cover the gloves up to the wrists and on the ankles it shall cover over the top of the knee-boot down at the ankle.  This is to prevent any acid spills from touching the skin.
Gloves shall be inspected for tears or punctures and tested before each use.  Each glove shall be tested by inflating with air and then tying off the wrist area and then submerging the glove into a container of standing water.  If any air bubbles are detected, dispose of the gloves and test a new pair. Even new gloves must be inspected and tested before using.

Caution must be taken not to overheat while wearing the Tyvek/Saranex SL coveralls.  The temperature of the lab must remain cool when wearing the coveralls.  Frequent breaks should be taken to avoid overheating.  If the person does not feel well the person should stop the BCP procedure and should seek medical help as they may be developing heat exhaustion or heat stroke.
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Picture 1: Tyvek/Saranex SL with Elastic Cuffs
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Picture 2: Face Shield and Goggles.
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Picture 3: Embossed Neoprene Gloves, Yellow Spat & Superpoly Boot
2.6 Emergency Procedures

2.6.1 Exposure

At any time during the etching process it is believed that hydrofluoric acid or the EP solution has come in contact with an unprotected portion of the body, the following must be done immediately:
2.6.1.1 Skin Contact

1. Immediately start flushing the area with water and flush for 5 minutes.  

2. All contaminated clothing must be removed while rinsing with water.

3. As soon as the exposure occurs the person outside the wet chemistry area must call 3131 and inform emergency personnel of the exposure.  

4. A second call must then be made to medical at 3232 to alert the doctor on duty of the acid exposure and to obtain his advice.

5. At the end of five minutes of flushing the area if medical assistance is not on hand to advise, begin applying the 2.5% USP calcium gluconate to the affected area.  Disposable rubber gloves should be worn during the treatment to eliminate the possibility of receiving a secondary burn.  Liberal quantities of the calcium gluconate gel must be massaged into the burned area continuously for up to several hours.  Relief of pain is an indicator of the efficiency of the antidote.

2.6.1.2 Eye Contact

1. Flush the eyes and surrounding skin with water.  The eye lids should be lifted out so that the water can flush out that area.  Continue rinsing the eyes from the time of the exposure until treatment is done at the emergency room. 

2. All contaminated clothing must be removed while rinsing with water. 

3. As soon as the exposure occurs the person outside the wet chemistry area must call 3131 and inform emergency personnel of the exposure.  

4. A second call must then be made to medical at 3232 to alert the doctor on duty of the acid exposure and to obtain his advice.

5. When emergency personnel arrive they must be alerted to the fact that it is an eye exposure and that the eyes should be flushed continuously with normal saline solution during transportation to the emergency room.
2.6.1.3 Inhalation

Do not put yourself into a dangerous situation by entering an area that has high levels of HF acid vapor
. The portable and wall mounted HF acid vapor detectors should be used to check the HF acid vapor level in the area.

The wall mounted detector is set to alarm at 0.5 ppm. If the wall detector alarms, then immediately stop all work and do the following:

If the HF acid vapor level is at or above 1.0 ppm:

1. Immediately move the victim to fresh air.

2. From a safe location have someone call emergency at 3131.

3. A second call must then be made to medical at 3232 to alert the doctor on duty of the acid exposure and to obtain his advice.

4. Keep the victim warm and comfortable until help arrives.

5. The victim should be administered 100% oxygen as soon as possible.
If the HF acid vapor level is below 1.0 ppm:

1. As long as the vapor level is below 1.0 ppm, work to identify and mitigate the source of the vapor. Total duration spent in the HF vapor environment is not to exceed 60 minutes (see also the emergency response procedures document OP-333846.
2. If the vapor level remains below 1.0 ppm, it is not necessary to evacuate the MDTL or to call emergency or medical.
2.6.1.4 Ingestion

1. Have the victim drink 1-2 glasses of water as quickly as possible to dilute the acid.  Do not induce vomiting.  Do not give emetics or baking soda.  Never give anything by mouth to an unconscious person.

2. Give several glasses of milk or several ounces of milk of magnesia, Mylanta, Maalox, or grind up and administer up to 30 Tums, Caltrate or other antacid tablets with water.

3. As soon as the exposure occurs the person outside the wet chemistry area must call 3131 to notify emergency personnel of the exposure.

4. A second call must then be made to medical at 3232 to alert the doctor on duty of the acid exposure and to obtain his advice.

The doctor on duty at medical may also, after accessing the region exposed and the amount of exposure, advise transportation to the local emergency room or he may suggest treatment at Fermilabs’ medical facility.  The person contaminated may decide they want to go to the emergency room regardless of what the doctor on duty suggests.

Any contaminated clothing must be carefully collected by someone wearing the same PPE as worn by the acid worker.  The clothing should then be put into a heavy plastic bag.  The bag must then be labeled as being contaminated by hydrofluoric acid/ EP solution and given to the local waste coordinator (NOTE: this is the local “waste generator” in our ES&H terminology) for proper disposal.

2.6.2 General Emergency Shutdown Procedure
While etching, if electrical power is lost, a tornado warning occurs, or a fire alarm goes off,  stop polishing, rinse the niobium, leave the niobium in the rinse water, and close the hood sash completely. Wait until power is restored or the all clear signal is given before etching is resumed. Note: in the other two electro-polishing processes there are some different steps for an emergency shutdown. 
2.6.3 Water supply

If there is low water pressure or no water then the etching process must be postponed until the eyewash and shower are in working condition.

3.0 General Electro-polishing of Samples

3.1
Physical Hazards/Controls Specific to Process
Hazard

●Power supply with up to 24V and 10A


Overheating, fire hazard, danger of 

shock to workers.

●AC connections near liquids:


Danger of shock to workers.

●Power leads RG 58 C/U, alligator clips,

pH, and temperature monitor near liquids: Overheating, sparking, shocking, fire hazard; shock to workers.

●Solvents: flammable

Controls

●Manufacturer manual. basic electrical training for operator; unit has internal, fused, over-protection current 

and over-temperature protection.

●Written procedure; circuits GFIC; area kept dry and monitored for leaks.

●All leads and connectors rated at 150V/10A; leads insulated; Connections insulated and verified in good condition before turning on the power supply.

●Stored in flammable safety cabinet; small amounts used; used in hood with exhaust on; worker PPE.

3.2
Chemical Hazards/Controls Specific to Process
Hazard

●Corrosives can result in a chemical burn.

●Hydrogen gas- explosive

●Acid overheating due to cooling system failure; acid overheating causing large amounts of hydrogen and fluorine gas to evolve.

●EP process evolving large amounts of hydrogen and fluorine gas.

● Large amounts of Hydrofluoric acid-process creep.

●Highly acute toxins-Waste acid; chemical burns.

Controls

●HF Specific PPE; HF worker training; each section inside the hood has a secondary containment.

●Exhaust from hood will prevent gas build-up; process will have temperature monitored closely; a 

cover will loosely be placed over acid container.

●Temperature of acid bath will be rigorously monitored; if temperature exceeds parameters process will be stopped.

Hood exhaust on at all times; HF gas monitors in the area.

●A protective cover will partially cover acid beaker.

●Process will use 1500ml maximum; CHO will monitor all HF processes to stay below 5L/process and 10 Liters/month.

●All wastes will be characterized and labeled as Hazardous Waste per FESHM 8021; paperwork filled out; HWSF notified for disposal.

3.3 
Materials for General Electro-polishing
	Qty./Amount
	Item Description

	1
	Power supply (Voltage=0-20V, Current =0-10A)

	1
	Aluminum cathode

	1
	Aluminum grating.

	Variable
	Niobium sample (degreased)

	 1L
	EP (1:9 vol. mixture of 48% HF, 95% H2SO4 for the “standard” EP process), Extra polyethylene jugs for waste acid (with labels identifying waste acids).

	1
	HD polyethylene container (large—sized to hold thermostatic bath)

	1 
	Niobium sample, cathode holder, and necessary electrical connections

	1
	Timer with alarm

	1
	Thermometer ((C scale, acid resistant) or acid resistant thermocouple

	1
	Magnetic spin bar 

	1
	Magnetic stirrer

	1
	Spin bar retriever

	1
	½ to 1 liter Teflon beaker used to hold EP mixture.

	Variable
	pH Indicator paper

	Variable
	Appropriate safety clothing as specified by the MSDS’s: hydrofluoric acid resistant clothing, Uvex Chemical Safety Goggles, Full face shield, Safety boots (see step 2.5 for details).

	2
	HD polyethylene carboy filled with UPW

	3
	HD polyethylene for rinsing UPW water 18 MOhm-cm, for three rinses, minimum.

	Variable
	2.5% solution of Sodium hydroxide

	4
	HF antidote and surgical gloves.

	Variable
	Kimwipes and WypAll X80 towels


[image: image7.wmf]Power supply + 

data acquisition

External PE vessel 

(thermostatic system)

Teflon beaker  with 

EP solution +

Nb

sample (= anode) 

+ Al cathode

Power supply + 

data acquisition

External PE vessel 

(thermostatic system)

Teflon beaker  with 

EP solution +

Nb

sample (= anode) 

+ Al cathode


Picture 4: Setup for Electropolishing of Samples
3.4
Process for EP of Samples
3.4.1
Preparation for Etching at MDTL

Test the eyewash station.  Do not test the safety shower. The safety shower is equipped with a FIRUS system that calls the communication center and dispatches emergency personnel. The safety shower and FIRUS system will be tested once a month. Put on appropriate PPE as shown in Section 2.5.  

3.4.2
Specific to Process:
1. Fill the three rinse buckets with UPW and position next to magnetic stirrer for rinsing the niobium after etching.
2. Position ice bath/secondary containment container on a magnetic stirrer and add spin bar and then the aluminum grating.  Add some water and start the stirrer.  Make sure that the spin bar is rotating properly.  Place HD polyethylene pitcher on the grating inside the HD polyethylene container.  Determine how much EP solution is needed and carefully pour it into the pitcher to allow you to submerge the niobium piece(s) to be electro-polished.  Make sure to allow enough head-room in the PVDF container so that acid will not overflow into the ice bath. Add water and ice as needed to the bath container. Insert acid-resistant thermometer or polyethylene-covered thermocouple into acid bath.
3. Put the chiller into the setup. The working temperature for EP is 30ºC unless otherwise specified. Wait until the EP solution has reached the specified temperature.  Monitor the acid temperature throughout the etching process.  A cover can be placed on the top of the beaker to reduce evaporation of acidic vapor until ready to start.
4. Insert sample and the cathode holder. Make the electrical connections.
5. Apply voltage. For the “standard” EP process the applied voltage is 8-10 Volts.  The exact voltage has yet to be determined for the “R&D” EP process.
6. When the polishing is finished, turn off the voltage and disconnect both electrical connections. Carefully remove the sample and the cathode holder together and place into the rinsing beaker. The time the niobium is inside the solution without bias voltage should be reduced as possible to prevent hydrogen recontamination of the sample.  Pour the used EP mixture into a proper storage vessel with the proper waste label.
(See section 6.0 for Post Electro-polishing cleanup).
4.0
Electro-polishing of Needles
4.1
Emergency Shutdown Procedure for the Electro-polishing of Needles.

While electro-polishing, if electrical power is lost, a tornado warning occurs, or a fire alarm goes off, stop electro-polishing.  Manually raise the needle, remover the needle and put in rinse water. Leave the niobium needle in the rinse water.  Wait until power is restored or the all clear signal is given before electro-polishing is resumed.
4.2
Physical Hazards/Controls Specific to Process


These hazards/controls are the same as in section 3.1
4.3
Chemical Hazards/Controls Specific to Process


These hazards/controls are the same as in section 3.2
4.4
Materials for Electro-polishing of Needles
	Qty./Amount
	Item Description

	1
	Power supply  (Voltage=0-20V, Current =0-10A)

	1
	Aluminum cathode

	Variable
	Niobium sample 

	1
	PE or methacrilate tube/cuvette (12 ml volume) where the EP is performed. 

	1
	PE tube with lid for HF rinsing + support for the tube.

	 50 ml 
	EP (1:9 vol. mixture of 48% HF, 95% H2SO4) in a closed PE bottle, for storing and transportation.

Extra polyethylene jugs for waste acid (with labels for waste acid).

	10 ml
	HF (48%) in a closed PE bottle (1stand last rinsing of the sample)

	2
	PE pipettes for transferring acid.

	1
	1 liter beaker with UPW water 18 MOhm-cm, for rinsing.

	1 
	Niobium holder* and electrical connection.

* implementation: an automated set up is under development in order to automatically raise and lower the sample in and out the solution

	1
	Al cathode + electrical connection

	1
	Timer with alarm

	1
	Optical microscope + visualizing screen

	Variable
	pH Indicator paper

	Variable
	Appropriate safety clothing (see step 2.5 for details).

	2
	HD polyethylene 2-liter pitchers filled with UPW

	3
	HD polyethylene 1-2 liters cleaned for rinsing 

	Variable
	2.5% solution of Sodium hydroxide

	4
	HF antidote

	Variable
	Kimwipes and WypAll X80 towels



[image: image8]
Picture 5: Setup for Electropolishing of Needles
4.5
Process for EP of Niobium Needles

1. Inside the hood transfer ~ 50 ml of EP solution and ~ 10ml of pure HF into the proper bottles that have been labeled as to the contents.  Put them into a rubber acid carrier, along with all the necessary supplies: tubes, cuvette, automatic pipettes with disposable tips (see picture 6).
2. Prepare the EP set up: put the cuvette into the holder and attach the sample with an alligator clip.  Put the Aluminum cathode in position. Check the alignment of sample, electrical connections, and the focusing of the camera, etc… BEFORE adding the EP acid. Put a bed of acid absorbent pads down on the area and then cover them with pink WypAll towels (that change color in presence of acid).  Make sure that the whole area around the cuvette has been covered.
3. Remove the alligator clip with sample.
4. Fill the cuvette with ~12 ml of EP solution.
5. Prepare a tube with ~1-2 ml of HF.
6. Dip the end of the niobium sample into the HF (~ 30-60 seconds, see picture 7).
7. Carefully place the alligator clip back into the linear actuator.
8. Start the up and down motion of the linear actuator using the computer.
9. Apply voltage: The starting voltage should be ~ 25-30 Volts, and can be decreased slowly when the reaction becomes very active (a lot of bubbling observed on monitor). Care must be taken that the wire has formed in a very sharp needle during this process. If the tip is not sharp enough then increase the voltage.
10. Once the tip looks satisfactory lower the voltage to ~ 10-12 volts and continue polishing at least 10 to 20 minutes more.
11. Stop voltage, move the sample holder up to its maximum position, dismount the alligator clip and the sample.
12. Carefully put the niobium needle in HF for another 30-60 seconds to remove the oxide layer formed during EP.
13. Rinse it thoroughly with UP water.
14. Dismount the tip from the alligator clip and place it in an appropriate sample holder. Be careful not to bend it.
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Picture 6: detail for pipettes and disposable tips

[image: image11]
Picture 7: detail for HF rinsing





(See section 6.0 for Post Electro-polishing cleanup).

5.0
Electro-polishing Using a Pumped Acid Flow System
5.1
Physical Hazards/Controls Specific to Process

(These are in addition to the Physical Hazards/Controls listed in section 3.1)
Hazard

●Pressurized air line

●Cooling system failure:


Acid leaks, pressurized acid.

Controls
●Written procedure; appropriate PPE.

●Written procedure; appropriate PPE; temperature monitored at multiple locations; splash guard encloses process; sash in hood kept in lowered position.

5.2
Chemical Hazards/Controls Specific to Process

(These are in addition to the Chemical Hazards/Controls listed in section 3.2)

Hazard

●Multiple tubing connections carrying acid;

Acid the same color as water; acid under pressure and can be sprayed out; Chemical burns can occur.

●Tubing spraying acid inside hood;

can cause worker burns.

●High pressure air can impel particles at high

 velocity in enclosure.

Controls

●Procedure; splash guard over process; pH probe in a secondary containment where acid could be;

process will be stopped if any leaks detected.

●Tubing clamped to a backer-board; acid tubing over a secondary containment and behind 

●A filtered regulator on air supply input; procedure for emergency shut-down.

5.3
Emergency Shutdown Procedure for the Pumped Acid Procedure
While electrical polishing if electrical power is lost, if a tornado warning occurs, or if a fire alarm goes off, stop the process:

●Turn power supply off

●Turn off the air supply at the Shut-Off Valve that is close to pump

●Disconnect electrical connections to the niobium and aluminum

●Remove the niobium and aluminum from acid bath

●Place Nb and Al into the first rinse water 

●Close the hood sash completely. 

●Wait until power is restored or the all clear signal is given before etching is resumed.

●Follow the start-up procedure to resume the process. (Section 5.5, step 18)

5.4
Materials for Electro-polishing Using a Pumped Acid Flow System:

	Qty
	Amount
	Item Description

	
	
	

	1
	Each 
	Niobium sample (degreased) and Niobium wire.(anode +)

	1
	Each 
	Aluminum and aluminum wire (cathode -)

	1
	Each 
	Splash guard

	1
	1.5 L
	EP Acid:  (1:9 vol. mixture of 48% HF, 95% H2SO4 for the “standard” EP process); (Room temperature acid.)

	1
	1 Liter
	Polypropylene beaker used to hold EP mixture

	1
	Each 
	Pulse Dampener

	1
	Each 
	Power supply (Voltage=0-20V, Current =0-10A) and Cable

	1
	Each 
	BNC Alligator clips (for electrical connection to cathode/anode)

	3
	Each 
	One acid resistant thermocouple probe and two wire thermocouples

	1
	Each 
	Multiple read-out thermocouple monitor

	1
	1.5 meters
	Aluminum coil ~2 1/2 in dia. & 3 ½ in long

	2
	Each 
	Digital scanning voltmeter/ammeter (Keithley 2000); on unit for voltage monitoring and one unit for current monitoring.

	1
	Each 
	Laptop or other computer with LabView program; with an IEEE interface card.

	1
	Each 
	Hand-held DVM.

	1
	Each 
	pH monitor and probe

	1
	Each
	PFE Acid proof pump rated at 4 gpm

	1
	Each
	Flow Meter

	1
	Each
	Filter Regulator

	1
	Each
	Air Shutoff Valve

	1
	Each
	Hose of house air

	6
	Variable length
	Acid Resistant PFA Tubing ( for connections for system)

	1
	3 meters
	Aluminum coil ~ 3 ¼ inch diameter

	2
	Each
	Containers with volume of: 37 L and 13 L

	Variable
	3.8 L 
	Bucket of ice for the acid cooling bath

	2
	19 L
	HD polyethylene carboy filled with UPW (brought from IB4 or A0)

	1
	Each
	Timer with alarm

	1 each
	Box
	Kimwipes and WypAll X80 towels

	1
	Box
	pH Indicator paper

	1
	HF Emergency supplies
	Bucket for HF antidote and surgical gloves.

	1
	3.8 L
	Polyethylene jugs for waste acid (with labels identifying waste acids).

	3
	3.8 L
	HD polyethylene buckets for rinsing with UPW water 18 MOhm-cm, for three rinses, minimum.

	2
	Sets
	Appropriate safety clothing as specified by the MSDS’s: hydrofluoric acid resistant clothing, Uvex Chemical Safety Goggles, Full face shield, Safety 

boots (see step 2.5 for details).

	1
	Each
	MGW Lauda hot water bath with volume of 8L


5.5
Process for Pumped Acid Flow EP
1.
Carefully review the lay-out of the equipment on the attached drawing.  
 Make sure that you understand which areas will have acid flowing in them and which areas must be kept dry during the process.
2.
Place a smaller HD (13 L), polyethylene secondary container onto the hood bench-top next to the sink area.

3.
Move the “Universal Mounting Back Board” that contains the pH monitor, flow meter, pulse dampener, filter regulator, air shut-off valve and acid pump into the hood, into the largest container (37 L). The left side of the back board has a leg that sits inside the smaller secondary containment.  (Note: this universal back board may be moved out of the hood area by moving the secondary containment that it sits in when the process is finished. Note: two people will be needed to move this subassembly.

4.
Place HD polyethylene container for the “Acid Cooling Bath-Using Water” (10.7L) into the sink of hood #1 and place the 2 1/2in in diameter aluminum coil into it. (This is the coil the acid will be running through.)
5.
Place the hot water bath in the far left area within the sink; to the left side of the 13 L, HD polyethylene container.  Hook the clear PVC tubing to the bath that is connected to the larger (3 ½”) aluminum coil.  The coil is connected to the PVC with hose clamps. (The coil and the PVC can remain attached).  Place this coil into the acid cooling bath.

6.
Carefully pour 3 liters of deionized water into the heater and then pour 8 liters of deionized water into the acid cooling bath. Set the temperature on the hot water heater to 33°C.  This will maintain the water in the acid cooling bath at 30°C.

7.
Place the beaker for the acid into the 13 L container. (This is in the left section of the universal mounting back board.)

8.
Route the PFA tubing to the cooling bath area and to the acid bath according to the attached drawing. Make the connection to the main in-let air line valve.  Check all connections.

9.
Plug the temperature probe into the monitor. The height of the probe can be then be adjusted so that it can enter the acid bath once acid is poured into the beaker.
10.
Retrieve the pH probe from the graduate it is stored in and wipe it off.  Calibrate the probe using the 7.0, 4.0, and 10.0 pH standards. Plug the probe into the pH monitor. Affix the probe to the ring stand that is behind the cooling bath, so the tip of the probe is in the water.  During the EP process the pH should read at or above 4.0.  If the pH drops below 4.0 then the process should be halted, due to a possible acid leak into the acid cooling bath.

11.
Connect the wire thermocouples: one to the input end and one to the output end of the aluminum coil using two small hose clamps.  Route the connectors for these thermocouples out side to the front left side of the hood and plug them into the temperature monitor. Check to make sure that the connections are secure and the monitor reads approximately room temperature.

12.
Carefully review that all connections and equipment are in their proper locations at this time. Refer to the drawing frequently to verify all connections and tubing are attached properly.
13.
Plug the computer into the connector that is plugged into the Keithley 2000 that is monitoring the voltage. Consult the drawing as needed.

14.
Turn on the lap-top and open the LabView software.

15.
Fill the three rinse buckets with UPW and position them on the far right side of the hood.

16.
Pour the EP solution into the 1 L process beaker to a level that submerges 90% of the niobium sample and cathode. Add enough acid to cover the niobium and aluminum plus an additional 250 mL for the pumping system. Typically 1250 ml of acid will be used.

17.
Temporarily place the splash guard over the entire set-up at this time. Open up the Main air inlet valve and adjust the air regulator initially to approximately 14 psi. Slowly open the pump shut-off valve. The pump will start up at this point and start flowing acid through the system. Check all PFA fittings for leaks.  If any leaks are observed shut down the pump immediately by closing the pump shut-off valve; remove splash guard.  Wipe up any acid leaks and retighten fittings.  Replace the splash guard and restart pump by opening the pump shut-off valve.  Repeat this process until you have no leaks at any of the PFA fittings.  Once you are assured there are no leaks in the system, the air regulator can be adjusted to increase the acid flow.  The flow may be gradually increased up to 25 psi.

18. 
Insert the niobium sample and the aluminum cathode onto their holders’. Make the electrical connections from the power supply to the DVM Current Monitor, and to the DVM Voltage Monitor.  Then make the electrical connection from the two monitors to the Nb and Al using the alligator clips.  The cathode (Al) is the negative connection (black) and the niobium sample is the positive connection (red). Check the leads for continuity between the samples and their wire holders with a hand-held DVM.

19.
Place a plastic cover on the top of the acid beaker to reduce evaporation of acidic vapor during the process.
20.
Place the splash guard over entire set-up inside the hood.


21.
Slowly apply voltage. For the “standard” EP process the applied voltage for starting should be approximately 15.5 Volts.  As the temperature of the process increases, the voltage can be lowered to 14.5 Volts.  The optimum temperature should be between 17° and 34° C.

22.
Monitor the temperature, voltage, and current of the system with the computer using the LabView program through-out the process.  See section 2.2, nbrs 13, 14, and 22; voltage, current, and temperature are logged into a LabView program that records data every 3 seconds.
23.
When the polishing is finished, turn off the air supply (at the pump shut-off valve), turn off the voltage, remove the splash guard and disconnect both electrical connections. Remove the cover over the acid beaker and set aside.  Carefully remove the sample and the cathode holder and place them into the rinse beaker #1. The time the niobium is inside the acid solution without bias voltage should be reduced as much as possible to prevent hydrogen recontamination of the sample.
24.
Continue rinsing the sample and cathode by dipping them into rinse bucket #2 and then #3.  Remove them from the last rinse and carefully dry the niobium and the aluminum using lint free, sealed-border polyester wipers.

25.
Rinse and wipe dry the alligator clip leads.

26.
Lift the temperature probe out of the beaker and remove it from its holder and rinse it in each of the rinse buckets.

27.
Pump the used EP mixture back into the beaker by lifting out the input tube.  Pump this acid until you see the first bubbles.  Then the acid can be poured into a storage container with the proper waste label.
28.
Remove the pH monitor from the ‘cooling bath, dry it off and set aside in back of hood.

5.6
Disassembly of the Set-up
1.
Lift the pump out-put and in-put tubing up out of the EP solution and lower them into the first rinse bucket.  Circulate the first rinse water through the system for five minutes to remove the remaining acid.  This water will need to be disposed of as ‘low pH acid rinse water’. 
2.
Repeat the five minute pump rinsing process using the rinse water from bucket #2 and again with #3.  Check the pH of each of these rinses.  If the pH is high enough, pH 5 or greater, it can be poured down the drain. Perform a fourth rinse if necessary as you need to rinse all of the tubing lines and the pump.
3.
Place the output tubing into a beaker and blow dry nitrogen air through the system to remove residual water in tubing. Then disconnect the systems air line.

4.
Disconnect the tubing to the pump.  Drain any residual pump water into the final rinse bucket.  Check that the pH is 5 or above and dispose of this water down the drain.

5.
Wipe down the inside of the splash guard and the plastic cover that was covering the acid beaker with a dry WypALL.  If the wiper changes color a basic rinse solution should be mixed up with 5% sodium bicarbonate (by weight). Then carefully wipe down all surfaces within the hood, as well as the sash, with this solution and then dry with a WypALL.

6.
Remove and disconnect all temperature probes from the monitor. Rinse and dry off the two thermocouples that were in the acid cooling bath attached to the coil.  Rinse the coil in the final rinse water.  Recheck the pH in the cooling bath and if has a pH of between 6 and 7; it can also be poured down the drain.

7.
Disconnect the pH probe and replace it into the graduate labeled: pH probe storage. Note: this probe needs to be kept moist.  If allowed to dry out the probe will be permanently damaged. 

8.
Move all electronic equipment out of the area, including the computer.

6.0
Post Electro-polishing Cleanup for All Electro-polishing Processes
6.1
Waste Acid
Store the waste acid in a labeled polyethylene container and place in an acid carrier.  Store all acids in the appropriate locked, acid storage cabinet.

Once all acid has been put away the assistant shall aid in wiping off the outer garment of the acid handler with a pink WypAll X80 for final clean up.  Note if the material changes to purple or black (indicating low pH).  If this occurs the acid handler must be wiped down more thoroughly with basic rinse water.

6.2
Acidic Rinse Water
NOTE:
FESHM 8025 states the following requirements:

· If wastewater pH is 5.5( pH ( 9.0, and meets all other discharge criteria, then any amount can be poured down the drain;
· If wastewater pH is either 2.0( pH <5.5 or 9.0< pH (12.5, and meets all other discharge criteria, then a maximum of 50 gallons per day can be poured down the drain.
Here we describe the typical experience with EP etching. The final wastewater must meet the FESHM requirements for pH, and so it may need to collected and wasted out.

Final rinse water:

· Is expected to have a pH of 6-7, and if so it can be poured down the drain.

Second rinse water:

· Will probably have a pH of 3-4, and if so it can be poured down the drain in quantities not to exceed 50 gallons per day. If the pH is less than 2.0, it needs to be collected and wasted out.

First rinse water:

Will probably have a pH of 0-1 and so needs to be collected and wasted out.  A carboy shall be placed into a secondary containment in the wet chemistry area that also has the appropriate waste label affixed to it.  (Low pH water cannot be neutralized as we are not a licensed waste water treatment facility.
Acid cooling bath water:

This pH can vary, so the pH should be measured.  Follow the above guidelines for water disposal.
6.3
Cleaning of Containers

Use standard laboratory procedures to clean all plastic containers. Use sodium bicarbonate and water to first rinse out all acid containers. Then use micro 90 as the detergent cleaner, rinse 3 times minimum with house water (after cleaning) and for the final rinse use distilled water.  Dry thoroughly and put plastic ware away.

6.4
Cleaning the Hood

Wipe down the sill of the hood using some of the detergent wash water.  Use the pink WypAll X80 for all clean up.  Note that if it changes to purple or black this indicates that the pH is less than 3 indicating that the area needs to be cleaned more thoroughly.  The pink WypAll towels can also be used in the hood to sit acid contaminated utensils on, such at the spin bar retriever or the funnel.  When finished thoroughly rinse the used pH indicators and any towels that have changed color before disposing of in the trash.

6.5
General

For any empty acid bottles please see the waste coordinator (NOTE: this is the local “waste generator” in our ES&H terminology).  Do not dispose of them into the trash. Return HF antidote to the appropriate acid cabinet. Return all containers used to their storage area. The warning light and audible system should now be deactivated, and normal occupation of the laboratory can resume.
6.6
Disposal

Notify the local waste coordinator (NOTE: this is the local “waste generator” in our ES&H terminology) about the waste acid generated.  The used acid should not be stored for long periods of time in this lab.
7.0
Lock-Out and Tag-Out Procedures

No Lock-Out/Tag-Out Procedures apply.

8.0
Records
8.1
Acid Usage Log

A log must be maintained of all the acid mixes made and quantities of acid used on a daily basis.

8.2
Acid Mixing Checklist
A MDTL Acid Mixing Checklist 5520-FM-333838 is to be completed for every EP operation, and is typically completed the day before EP etching (see 5520-OP-333842 for the acid mixing procedure).
8.3
Acid Work Checklist

A MDTL Acid Work Checklist 5520-FM-333840 is to be completed for every EP operations.

Attachment 1
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Appendix A – Hydrofluoric Acid MSDS


MSDS Number: H3994 * * * * * Effective Date: 08/18/05 * * * * * Supercedes: 07/07/04 
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HYDROFLUORIC ACID



1. Product Identification
Synonyms: Fluorohydric acid; fluoric acid; Hydrogen fluoride solution 
CAS No.: 7664-39-3 
Molecular Weight: 20.01 
Chemical Formula: HF in Aqueous Solution. 
Product Codes: 
J.T. Baker: 5368, 5659, 5818, 5823, 5824, 5840, 5865, 6904, 9559, 9560, 9563, 9564, 9567, 9572, 9573, 9574, 9575 
Mallinckrodt: 2640, 2648, V141, V580 



2. Composition/Information on Ingredients

  Ingredient                            CAS No         Percent        Hazardous                                  

  -----------------------------------   ------------   ------------   ---------   

  Hydrogen Fluoride                     7664-39-3        48 - 52%        Yes                                                                   

  Water                                 7732-18-5        48 - 52%        No                                                                    



3. Hazards Identification
Emergency Overview 
-------------------------- 
POISON! DANGER! CORROSIVE. EXTREMELY HAZARDOUS LIQUID AND VAPOR. CAUSES SEVERE BURNS WHICH MAY NOT BE IMMEDIATELY PAINFUL OR VISIBLE. MAY BE FATAL IF SWALLOWED OR INHALED. LIQUID AND VAPOR CAN BURN SKIN, EYES AND RESPIRATORY TRACT. CAUSES BONE DAMAGE. REACTION WITH CERTAIN METALS GENERATES FLAMMABLE AND POTENTIALLY EXPLOSIVE HYDROGEN GAS. 

SAF-T-DATA(tm) Ratings (Provided here for your convenience) 
----------------------------------------------------------------------------------------------------------- 
Health Rating: 4 - Extreme (Poison) 
Flammability Rating: 0 - None 
Reactivity Rating: 2 - Moderate 
Contact Rating: 4 - Extreme (Corrosive) 
Lab Protective Equip: GOGGLES & SHIELD; LAB COAT & APRON; VENT HOOD; PROPER GLOVES 
Storage Color Code: White (Corrosive) 
----------------------------------------------------------------------------------------------------------- 

Potential Health Effects 
---------------------------------- 

Exposure to hydrofluoric acid can produce harmful health effects that may not be immediately apparent. 

Inhalation: 
Severely corrosive to the respiratory tract. May cause sore throat, coughing, labored breathing and lung congestion/inflammation. 
Ingestion: 
Corrosive. May cause sore throat, abdominal pain, diarrhea, vomiting, severe burns of the digestive tract, and kidney dysfunction. 
Skin Contact: 
Corrosive to the skin. Skin contact causes serious skin burns which may not be immediately apparent or painful. Symptoms may be delayed 8 hours or longer. The fluoride ion readily penetrates the skin causing destruction of deep tissue layers and even bone. 
Eye Contact: 
Corrosive to the eyes. Symptoms of redness, pain, blurred vision, and permanent eye damage may occur. 
Chronic Exposure: 
Intake of more than 6 mg of fluorine per day may result in fluorosis, bone and joint damage. Hypocalcemia and hypomagnesemia can occur from absorption of fluoride ion into blood stream. 
Aggravation of Pre-existing Conditions: 
Persons with pre-existing skin disorders, eye problems, or impaired kidney or respiratory function may be more susceptible to the effects of this substance. 



4. First Aid Measures
For any route of contact: Detailed First Aid procedure should be planned before beginning work with HF. 
Inhalation: 
Get medical help immediately. If patient is unconscious, give artificial respiration or use inhalator. Keep patient warm and resting, and send to hospital after first aid is complete. 
Ingestion: 
If swallowed, DO NOT INDUCE VOMITING. Give large quantities of water. Never give anything by mouth to an unconscious person. Get medical attention immediately. 
Skin Contact: 
1) Remove the victim from the contaminated area and immediately place him under a safety shower or wash him with a water hose, whichever is available. 2) Remove all contaminated clothing. Handle all HF-contaminated material with gloves made of appropriate material, such as PVC or neoprene. 3) Keep washing with large amounts of water for a minimum of 15 minutes. 4) Have someone make arrangements for medical attention while you continue flushing the affected area with water. 5) If the following materials are available, limit the washing to five minutes and immerse the burned area in a solution of 0.2% iced aqueous Hyamine 1622 or 0.13% iced aqueous Zephiran Chloride. If immersion is not practical, towels should be soaked with one of the above solutions and used as compresses for the burn area. Ideally compresses should be changed every 2 minutes. Alternately, 2.5% calcium gluconate gel should be massaged into the affected area. 6) Seek medical attention as soon as possible for all burns regardless of how minor they may appear initially. Hyamine 1622 is a trade name for tetracaine benzethonium chloride, Merck Index Monograph 1078, a quaternary ammonium compound sold by Rohm & Haas, Philadelphia. Zephiran Chloride is a trade name for benzalkonium chloride, Merck Index Monograph 1059, also a quaternary ammonium compound, sold by Sanofi-Synthelabo Inc., New York, NY. 
Eye Contact: 
1) Irrigate eyes for at least 30 minutes with copious quantities of water, keeping the eyelids apart and away from eyeballs during irrigation. 2) Get competent medical attention immediately, preferably an eye specialist. 3) If a physician is not immediately available, apply one or two drops of ophthalmic anesthetic, (e.g., 0.5% Pontocaine Hydrochloride solution). 4) Do not use oily drops, ointment or HF skin burn treatments. Place ice pack on eyes until reaching emergency room. 

Note to Physician: 
General: For burns of moderate areas, (greater than 8 square inches), ingestion and significant inhalation exposure, severe systemic effects may occur, and admission to a critical care unit should be considered. Monitor and correct for hypocalcemia, cardiac arrhythmias, hypomagnesemia and hyperkalemia. In some cases renal dialysis may be indicated. 

Inhalation: Treat as chemical pneumonia. Monitor for hypocalcemia, 2.5% calcium gluconate in normal saline by nebulizer or by IPPB with 100% oxygen may decrease pulmonary damage. Bronchodilators may also be administered.

Skin: For deep skin burns or contact with concentrated HF (over 50%) solution, consider infiltration about the affected area with 5% calcium gluconate [equal parts of 10% calcium gluconate and sterile saline for injection]. Burns beneath the nail may require splitting the nail and application of calcium gluconate to the exposed nail bed. For certain burns, especially of the digits, use of intra-arterial calcium gluconate may be indicated. 

Eyes: Irrigation may be facilitated by use of Morgan lens or similar ocular irrigator, using 1% aqueous calcium gluconate solution [50ml of calcium gluconate 10% in 500 ml normal saline].

AN ALTERNATIVE FIRST AID PROCEDURE: The effect of HF, i.e. onset of pain, particularly in dilute solutions, may not be felt for up to 24 hours. It is important, therefore, that persons using HF have immediate access to an effective antidote even when they are away from their work place in order that first aid treatment can be commenced immediately.
We recommend that any person in contact with HF should carry, or have access to a tube of HF Antidote Gel at all times; ideally with one tube at the work place, one on the person and one at home.
It is imperative that any person who has been contaminated by HF should seek medical advice when the treatment by HF Antidote Gel has been applied. 
REFERENCES: 1. Browno, T.D. Treatment of Hydrofluoric Acid Burns 2. Sprout, W.L. et al Treatment of Severe Hydrofluoric Acid Exposures (Journal of American Occupational Medicine 25:12, 1993) 3. Bracken, W.M. et al Comparative Effectiveness of Topical Treatments for Hydrofluoric Acid Burns, University of Kansas (Journal of Occupational Medicine 27:10:1985) 4. Burke, W.J. , et al Systemic Fluoride Poisoning Resulting from A Fluoride Skin Burn (Journal of Occupational Medicine (5,39:1973)

HF ANTIDOTE GEL:
Distributed by Pharmascience Inc.
8400 Darnley Rd. Montreal, Canada. H4T 1M4
Phone: ( 514 ) 340 - 1114
Fax: ( 514 ) 342 - 7764
U.S. (Buffalo, NY) distributor: 1-800-207-4477



5. Fire Fighting Measures

Fire: 
Not considered to be a fire hazard. Fire may produce poisonous or irritating gases. 
Explosion: 
Violent exothermic reaction occurs with water. Sufficient heat may be produced to ignite combustible materials. Reacts with metals forming flammable Hydrogen gas. 
Fire Extinguishing Media: 
Keep upwind of fire. Use water or carbon dioxide on fires in which Hydrofluoric Acid is involved. Halon or foam may also be used. In case of fire, the sealed containers can be kept cool by spraying with water. 
Special Information: 
In the event of a fire, wear full protective clothing and NIOSH-approved self-contained breathing apparatus with full facepiece operated in the pressure demand or other positive pressure mode. Avoid getting water in tanks or drums; water can cause generation of heat and spattering. In contact with air, the acid gives off corrosive fumes which are heavier than air. 



6. Accidental Release Measures

Notify safety personnel, provide adequate ventilation, and remove ignition sources since hydrogen may be generated by reactions with metals. Wear appropriate personal protective equipment as specified in Section 8. Do not flush to sewers or waterways. Spills: Evacuate the danger area. Apply magnesium sulfate (dry) to the spill area. Follow up with inert absorbent and add soda ash or magnesium oxide and slaked lime. Collect in appropriate plastic containers and save for disposal. Wash spill site with soda ash solution. NOTE: Porous materials (concrete, wood, plastic, etc.) will absorb HF and become a hazard for an indefinite time. Such spills should be cleaned and neutralized immediately. US Regulations (CERCLA) require reporting spills and releases to soil, water and air in excess of reportable quantities. The toll free number for the US Coast Guard National Response Center is (800) 424-8802.

J. T. Baker TEAM® 'Low Na+' acid neutralizer is recommended for spills of this product. 



7. Handling and Storage

Keep in tightly closed polyethylene containers. Store in a cool, dry place with adequate ventilation separated from other chemicals. Protect from physical damage. Storage facilities should be constructed for containment and neutralization of spills. Handling and storage of HF requires special materials and technology for containers, pipes, valves, etc., which is available from suppliers. Containers of this material may be hazardous when empty since they retain product residues (vapors, liquid); observe all warnings and precautions listed for the product. 



8. Exposure Controls/Personal Protection

Airborne Exposure Limits: 
Hydrogen fluoride:
-OSHA Permissible Exposure Limit (PEL):
3 ppm (TWA)
ACGIH Threshold Limit Value (TLV):
3 ppm Ceiling as F 
Ventilation System: 
A system of local and/or general exhaust is recommended to keep employee exposures as low as possible. Local exhaust ventilation is generally preferred because it can control the emissions of the contaminant at its source, preventing dispersion of it into the general work area. Please refer to the ACGIH document, Industrial Ventilation, A Manual of Recommended Practices, most recent edition, for details. 
Personal Respirators (NIOSH Approved): 
If the exposure limit is exceeded, a full facepiece respirator with an acid gas cartridge may be worn up to 50 times the exposure limit or the maximum use concentration specified by the appropriate regulatory agency or respirator supplier, whichever is lowest. For emergencies or instances where the exposure levels are not known, use a full-facepiece positive-pressure, air-supplied respirator. WARNING: Air purifying respirators do not protect workers in oxygen-deficient atmospheres. Since the IDLH is low (30 ppm), the above cartridge system is not specifically approved for HF. (3M Respirator Selection Guide) 
Skin Protection: 
Wear protective clothing, including boots or safety shoes with polyvinyl chloride (PVC) or neoprene. Use chemical goggles and/or a full face shield. Wear coveralls with long sleeves, gauntlets and gloves of PVC or neoprene. A high degree of protection is obtained with an air-inflated suit with mask and safety belt. Use protection suitable for conditions. 
Eye Protection: 
Use chemical safety goggles and/or full face shield where splashing is possible. Maintain eye wash fountain and quick drench facilities in work area. 



9. Physical and Chemical Properties

Appearance:  Colorless, fuming liquid. 
Odor:  Acrid odor. Do not breathe fumes. 
Solubility:  Infinitely soluble. 
Specific Gravity:  1.15 -1.18 
pH:  1.0 (0.1M solution) 
% Volatiles by volume @ 21C (70F):  100 (as water and acid) 
Boiling Point:  108C (226F) 
Melting Point:  < -36C (< -33F) 
Vapor Density (Air=1):  1.97 
Vapor Pressure (mm Hg):  25 @ 20C (68F) 
Evaporation Rate (BuAc=1):  No information found. 



10. Stability and Reactivity

Stability: 
Stable at room temperature (68F) when stored and used under proper conditions. 
Hazardous Decomposition Products: 
On contact with metals, liberates hydrogen gas. On heating to decomposition, could yield toxic fumes of fluorides. Attacks glass and other silicon containing compounds. Reacts with silica to produce silicon tetrafluoride, a hazardous colorless gas. 
Hazardous Polymerization: 
Will not occur. 
Incompatibilities: 
Hydrofluoric acid is incompatible with arsenic trioxide, phosphorus pentoxide, ammonia, calcium oxide, sodium hydroxide, sulfuric acid, vinyl acetate, ethylenediamine, acetic anhydride, alkalis, organic materials, most common metals, rubber, leather, water, strong bases, carbonates, sulfides, cyanides, oxides of silicon, especially glass, concrete, silica, fluorine. Will also react with steam or water to produce toxic fumes. 
Conditions to Avoid: 
Moisture and incompatibles. 



11. Toxicological Information

Hydrofluoric acid: Inhalation rat LC50: 1276 ppm/1H; Investigated as a mutagen, reproductive effector. 

  --------\Cancer Lists\------------------------------------------------------

                                         ---NTP Carcinogen---

  Ingredient                             Known    Anticipated    IARC Category

  ------------------------------------   -----    -----------    -------------

  Hydrogen Fluoride (7664-39-3)           No          No            None

  Water (7732-18-5)                       No          No            None



12. Ecological Information

Environmental Fate: 
If the pH is > 6.5, soil can bind fluorides tightly. High calcium content will immobilize fluorides, which can be damaging to plants when present in acid soils. 
Environmental Toxicity: 
This material is expected to be slightly toxic to aquatic life. 60 ppm/*/Fish/Lethal/Fresh Water *=time period not specified. > 300ppm/48hr./Shrimp/LC50/Aerated Saltwater 



13. Disposal Considerations

Whatever cannot be saved for recovery or recycling should be handled as hazardous waste and sent to a RCRA approved incinerator or disposed in a RCRA approved waste facility. Processing, use or contamination of this product may change the waste management options. State and local disposal regulations may differ from federal disposal regulations. Dispose of container and unused contents in accordance with federal, state and local requirements. 



14. Transport Information

Domestic (Land, D.O.T.) 
----------------------- 
Proper Shipping Name: RQ, HYDROFLUORIC ACID (WITH NOT MORE THAN 60% STRENGTH) 
Hazard Class: 8, 6.1 
UN/NA: UN1790 
Packing Group: II 
Information reported for product/size: 500LB 

International (Water, I.M.O.) 
----------------------------- 
Proper Shipping Name: HYDROFLUORIC ACID (WITH NOT MORE THAN 60% STRENGTH) 
Hazard Class: 8, 6.1 
UN/NA: UN1790 
Packing Group: II 
Information reported for product/size: 500LB 



15. Regulatory Information

  --------\Chemical Inventory Status - Part 1\---------------------------------

  Ingredient                                       TSCA  EC   Japan  Australia

  -----------------------------------------------  ----  ---  -----  ---------

  Hydrogen Fluoride (7664-39-3)                     Yes  Yes   Yes      Yes                                      

  Water (7732-18-5)                                 Yes  Yes   Yes      Yes                                      

  --------\Chemical Inventory Status - Part 2\---------------------------------

                                                          --Canada--

  Ingredient                                       Korea  DSL   NDSL  Phil.

  -----------------------------------------------  -----  ---   ----  -----

  Hydrogen Fluoride (7664-39-3)                     Yes   Yes   No     Yes          

  Water (7732-18-5)                                 Yes   Yes   No     Yes

  --------\Federal, State & International Regulations - Part 1\----------------

                                             -SARA 302-    ------SARA 313------

  Ingredient                                 RQ    TPQ     List  Chemical Catg.

  -----------------------------------------  ---   -----   ----  --------------

  Hydrogen Fluoride (7664-39-3)              100   100     Yes        No

  Water (7732-18-5)                          No    No      No         No

  --------\Federal, State & International Regulations - Part 2\----------------

                                                        -RCRA-    -TSCA-

  Ingredient                                 CERCLA     261.33     8(d) 

  -----------------------------------------  ------     ------    ------

  Hydrogen Fluoride (7664-39-3)              100        U134       No        

  Water (7732-18-5)                          No         No         No                                                                

Chemical Weapons Convention:  Yes    TSCA 12(b):  No     CDTA:  No

SARA 311/312:  Acute: Yes      Chronic: Yes  Fire: No  Pressure: No

Reactivity: Yes         (Mixture / Liquid)



Australian Hazchem Code: 2R 
Poison Schedule: S7 
WHMIS: 
This MSDS has been prepared according to the hazard criteria of the Controlled Products Regulations (CPR) and the MSDS contains all of the information required by the CPR. 



16. Other Information
NFPA Ratings: Health: 4 Flammability: 0 Reactivity: 1 
Label Hazard Warning: 
POISON! DANGER! CORROSIVE. EXTREMELY HAZARDOUS LIQUID AND VAPOR. CAUSES SEVERE BURNS WHICH MAY NOT BE IMMEDIATELY PAINFUL OR VISIBLE. MAY BE FATAL IF SWALLOWED OR INHALED. LIQUID AND VAPOR CAN BURN SKIN, EYES AND RESPIRATORY TRACT. CAUSES BONE DAMAGE. REACTION WITH CERTAIN METALS GENERATES FLAMMABLE AND POTENTIALLY EXPLOSIVE HYDROGEN GAS. 
Label Precautions: 
Do not get in eyes, on skin, or on clothing.
Do not breathe vapor.
Cool before opening.
Use only with adequate ventilation.
Wash thoroughly after handling.
Store in a tightly closed container. 
Label First Aid: 
IN ALL CASES, CALL PHYSICIAN IMMEDIATELY. First Aid procedures should be pre-planned for HF emergencies. A supply of 50:50 water/magnesium sulfate paste or 2 1/2% Calcium Gluconate paste should be available where first aid medications are administered. If ingested, DO NOT INDUCE VOMITING. If patient is conscious, give large quantities of milk or water and send to hospital. If inhaled and patient is unconscious, give artificial respiration or use inhalator and send to hospital. In case of eye contact, wash open eyes with large but gentle stream of water for 15 minutes. Place ice pack on eyes until reaching emergency room. In case of skin contact, remove contaminated clothing and wash burn area with plenty of water to remove acid. Cover burn area with a poultice of 50:50 water/magnesium sulfate paste or 2 1/2% calcium gluconate paste. Leave in place until medical help arrives or patient is transferred to hospital. 
Product Use: 
Laboratory Reagent. 
Revision Information: 
MSDS Section(s) changed since last revision of document include: 3. 
Disclaimer: 
*******************************************************************************
Mallinckrodt Baker, Inc. provides the information contained herein in good faith but makes no representation as to its comprehensiveness or accuracy. This document is intended only as a guide to the appropriate precautionary handling of the material by a properly trained person using this product. Individuals receiving the information must exercise their independent judgment in determining its appropriateness for a particular purpose. MALLINCKRODT BAKER, INC. MAKES NO REPRESENTATIONS OR WARRANTIES, EITHER EXPRESS OR IMPLIED, INCLUDING WITHOUT LIMITATION ANY WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE WITH RESPECT TO THE INFORMATION SET FORTH HEREIN OR THE PRODUCT TO WHICH THE INFORMATION REFERS. ACCORDINGLY, MALLINCKRODT BAKER, INC. WILL NOT BE RESPONSIBLE FOR DAMAGES RESULTING FROM USE OF OR RELIANCE UPON THIS INFORMATION. 
*******************************************************************************
Prepared by: Environmental Health & Safety
Phone Number: (314) 654-1600 (U.S.A.) 

Appendix B –  Sulfuric Acid MSDS

Mallinckrodt Baker, Inc. provides the information contained herein in good faith but makes no representation as to its comprehensiveness or accuracy. This document is intended only as a guide to the appropriate precautionary handling of the material by a properly trained person using this product. Individuals receiving the information must exercise their independent judgment in determining its appropriateness for a particular purpose. MALLINCKRODT BAKER, INC. MAKES NO REPRESENTATIONS OR WARRANTIES, EITHER EXPRESS OR IMPLIED, INCLUDING WITHOUT LIMITATION ANY WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE WITH RESPECT TO THE INFORMATION SET FORTH HEREIN OR THE PRODUCT TO WHICH THE INFORMATION REFERS. ACCORDINGLY, MALLINCKRODT BAKER, INC. WILL NOT BE RESPONSIBLE FOR DAMAGES RESULTING FROM USE OF OR RELIANCE UPON THIS INFORMATION. 
*******************************************************************************
Prepared by: Environmental Health & Safety
Phone Number: (314) 654-1600 (U.S.A.) 

MSDS Number: S8234 * * * * * Effective Date: 11/09/07 * * * * * Supercedes: 02/04/05 
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4.0 SULFURIC ACID, 52 - 100 % 



4.1 1. Product Identification

Synonyms: Oil of vitriol; Babcock acid; sulphuric acid 
CAS No.: 7664-93-9 
Molecular Weight: 98.08 
Chemical Formula: H2SO4 in H2O 
Product Codes: 
J.T. Baker: 5030, 5137, 5374, 5802, 5815, 5858, 5859, 5868, 5889, 5897, 5961, 5971, 5997, 6163, 6902, 9671, 9673, 9674, 9675, 9676, 9679, 9680, 9681, 9682, 9684, 9687, 9691, 9693, 9694 
Mallinckrodt: 21201, 2468, 2876, 2878, 2900, 2904, 3780, 4222, 5524, 5557, H644, H850, H976, H996, V651, XL003 



4.2 2. Composition/Information on Ingredients

  Ingredient                                CAS No         Percent        Hazardous                                  

  ---------------------------------------   ------------   ------------   ---------   

  Sulfuric Acid                             7664-93-9        52 - 100%       Yes                                                                    

  Water                                     7732-18-5         0 - 48%        No                                                                    



4.3 3. Hazards Identification

Emergency Overview 
-------------------------- 
POISON! DANGER! CORROSIVE. LIQUID AND MIST CAUSE SEVERE BURNS TO ALL BODY TISSUE. MAY BE FATAL IF SWALLOWED OR CONTACTED WITH SKIN. HARMFUL IF INHALED. AFFECTS TEETH. WATER REACTIVE. CANCER HAZARD. STRONG INORGANIC ACID MISTS CONTAINING SULFURIC ACID CAN CAUSE CANCER. Risk of cancer depends on duration and level of exposure. 

SAF-T-DATA(tm) Ratings (Provided here for your convenience) 
----------------------------------------------------------------------------------------------------------- 
Health Rating: 4 - Extreme (Poison) 
Flammability Rating: 0 - None 
Reactivity Rating: 2 - Moderate 
Contact Rating: 4 - Extreme (Corrosive) 
Lab Protective Equip: GOGGLES & SHIELD; LAB COAT & APRON; VENT HOOD; PROPER GLOVES 
Storage Color Code: White (Corrosive) 
----------------------------------------------------------------------------------------------------------- 

Potential Health Effects 
---------------------------------- 

Inhalation: 
Inhalation produces damaging effects on the mucous membranes and upper respiratory tract. Symptoms may include irritation of the nose and throat, and labored breathing. May cause lung edema, a medical emergency. 
Ingestion: 
Corrosive. Swallowing can cause severe burns of the mouth, throat, and stomach, leading to death. Can cause sore throat, vomiting, diarrhea. Circulatory collapse with clammy skin, weak and rapid pulse, shallow respirations, and scanty urine may follow ingestion or skin contact. Circulatory shock is often the immediate cause of death. 
Skin Contact: 
Corrosive. Symptoms of redness, pain, and severe burn can occur. Circulatory collapse with clammy skin, weak and rapid pulse, shallow respirations, and scanty urine may follow skin contact or ingestion. Circulatory shock is often the immediate cause of death. 
Eye Contact: 
Corrosive. Contact can cause blurred vision, redness, pain and severe tissue burns. Can cause blindness. 
Chronic Exposure: 
Long-term exposure to mist or vapors may cause damage to teeth. Chronic exposure to mists containing sulfuric acid is a cancer hazard. 
Aggravation of Pre-existing Conditions: 
Persons with pre-existing skin disorders or eye problems or impaired respiratory function may be more susceptible to the effects of the substance. 



4.4 4. First Aid Measures

Inhalation: 
Remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. Call a physician immediately. 
Ingestion: 
DO NOT INDUCE VOMITING. Give large quantities of water. Never give anything by mouth to an unconscious person. Call a physician immediately. 
Skin Contact: 
In case of contact, immediately flush skin with plenty of water for at least 15 minutes while removing contaminated clothing and shoes. Wash clothing before reuse. Excess acid on skin can be neutralized with a 2% solution of bicarbonate of soda. Call a physician immediately. 
Eye Contact: 
Immediately flush eyes with gentle but large stream of water for at least 15 minutes, lifting lower and upper eyelids occasionally. Call a physician immediately. 



4.5 5. Fire Fighting Measures

Fire: 
Concentrated material is a strong dehydrating agent. Reacts with organic materials and may cause ignition of finely divided materials on contact. 
Explosion: 
Contact with most metals causes formation of flammable and explosive hydrogen gas. 
Fire Extinguishing Media: 
Dry chemical, foam or carbon dioxide. Do not use water on material. However, water spray may be used to keep fire exposed containers cool. 
Special Information: 
In the event of a fire, wear full protective clothing and NIOSH-approved self-contained breathing apparatus with full facepiece operated in the pressure demand or other positive pressure mode. Structural firefighter's protective clothing is ineffective for fires involving this material. Stay away from sealed containers. 



4.6 6. Accidental Release Measures

Ventilate area of leak or spill. Wear appropriate personal protective equipment as specified in Section 8. Isolate hazard area. Keep unnecessary and unprotected personnel from entering. Contain and recover liquid when possible. Neutralize with alkaline material (soda ash, lime), then absorb with an inert material (e. g., vermiculite, dry sand, earth), and place in a chemical waste container. Do not use combustible materials, such as saw dust. Do not flush to sewer! US Regulations (CERCLA) require reporting spills and releases to soil, water and air in excess of reportable quantities. The toll free number for the US Coast Guard National Response Center is (800) 424-8802.


J. T. Baker NEUTRASORB® acid neutralizers are recommended for spills of this product. 



4.7 7. Handling and Storage

Store in a cool, dry, ventilated storage area with acid resistant floors and good drainage. Protect from physical damage. Keep out of direct sunlight and away from heat, water, and incompatible materials. Do not wash out container and use it for other purposes. When diluting, always add the acid to water; never add water to the acid. When opening metal containers, use non-sparking tools because of the possibility of hydrogen gas being present. Containers of this material may be hazardous when empty since they retain product residues (vapors, liquid); observe all warnings and precautions listed for the product. 



4.8 8. Exposure Controls/Personal Protection

Airborne Exposure Limits: 
For Sulfuric Acid: 
- OSHA Permissible Exposure Limit (PEL) -
1 mg/m3 (TWA)
- ACGIH Threshold Limit Value (TLV) -
0.2 mg/m3(T) (TWA) for sulfuric acid - A2 Suspected Human Carcinogen for sulfuric acid contained in strong inorganic mists. 
Ventilation System: 
A system of local and/or general exhaust is recommended to keep employee exposures below the Airborne Exposure Limits. Local exhaust ventilation is generally preferred because it can control the emissions of the contaminant at its source, preventing dispersion of it into the general work area. Please refer to the ACGIH document, Industrial Ventilation, A Manual of Recommended Practices, most recent edition, for details. 
Personal Respirators (NIOSH Approved): 
If the exposure limit is exceeded and engineering controls are not feasible, a full facepiece respirator with an acid gas cartridge and particulate filter (NIOSH type N100 filter) may be worn up to 50 times the exposure limit, or the maximum use concentration specified by the appropriate regulatory agency or respirator supplier, whichever is lowest. If oil particles (e.g. lubricants, cutting fluids, glycerine, etc.) are present, use a NIOSH type R or P particulate filter. For emergencies or instances where the exposure levels are not known, use a full-facepiece positive-pressure, air-supplied respirator. WARNING: Air purifying respirators do not protect workers in oxygen-deficient atmospheres. Where respirators are required, you must have a written program covering the basic requirements in the OSHA respirator standard. These include training, fit testing, medical approval, cleaning, maintenance, cartridge change schedules, etc. See 29CFR1910.134 for details. 
Skin Protection: 
Wear impervious protective clothing, including boots, gloves, lab coat, apron or coveralls, as appropriate, to prevent skin contact. 
Eye Protection: 
Use chemical safety goggles and/or a full face shield where splashing is possible. Maintain eye wash fountain and quick-drench facilities in work area. 



4.9 9. Physical and Chemical Properties

Appearance: 
Clear oily liquid. 
Odor: 
Odorless. 
Solubility: 
Miscible with water, liberates much heat. 
Specific Gravity: 
1.84 (98%), 1.40 (50%), 1.07 (10%) 
pH: 
1 N solution (ca. 5% w/w) = 0.3; 0.1 N solution (ca. 0.5% w/w) = 1.2; 0.01 N solution (ca. 0.05% w/w) = 2.1. 
% Volatiles by volume @ 21C (70F): 
No information found. 
Boiling Point: 
ca. 290C (ca. 554F) (decomposes at 340C) 
Melting Point: 
3C (100%), -32C (93%), -38C (78%), -64C (65%). 
Vapor Density (Air=1): 
3.4 
Vapor Pressure (mm Hg): 
1 @ 145.8C (295F) 
Evaporation Rate (BuAc=1): 
No information found. 



4.10 10. Stability and Reactivity

Stability: 
Stable under ordinary conditions of use and storage. Concentrated solutions react violently with water, spattering and liberating heat. 
Hazardous Decomposition Products: 
Toxic fumes of oxides of sulfur when heated to decomposition. Will react with water or steam to produce toxic and corrosive fumes. Reacts with carbonates to generate carbon dioxide gas, and with cyanides and sulfides to form poisonous hydrogen cyanide and hydrogen sulfide respectively. 
Hazardous Polymerization: 
Will not occur. 
Incompatibilities: 
Water, potassium chlorate, potassium perchlorate, potassium permanganate, sodium, lithium, bases, organic material, halogens, metal acetylides, oxides and hydrides, metals (yields hydrogen gas), strong oxidizing and reducing agents and many other reactive substances. 
Conditions to Avoid: 
Heat, moisture, incompatibles. 



4.11 11. Toxicological Information

Toxicological Data: 
Oral rat LD50: 2140 mg/kg; inhalation rat LC50: 510 mg/m3/2H; standard Draize, eye rabbit, 250 ug (severe); investigated as a tumorigen, mutagen, reproductive effector. 
Carcinogenicity: 
Cancer Status: The International Agency for Research on Cancer (IARC) has classified "strong inorganic acid mists containing sulfuric acid" as a known human carcinogen, (IARC category 1). This classification applies only to mists containing sulfuric acid and not to sulfuric acid or sulfuric acid solutions. 

  --------\Cancer Lists\------------------------------------------------------

                                         ---NTP Carcinogen---

  Ingredient                             Known    Anticipated    IARC Category

  ------------------------------------   -----    -----------    -------------

  Sulfuric Acid (7664-93-9)               No          No            None

  Water (7732-18-5)                       No          No            None



4.12 12. Ecological Information

Environmental Fate: 
When released into the soil, this material may leach into groundwater. When released into the air, this material may be removed from the atmosphere to a moderate extent by wet deposition. When released into the air, this material may be removed from the atmosphere to a moderate extent by dry deposition. 
Environmental Toxicity: 
LC50 Flounder 100 to 330 mg/l/48 hr aerated water/Conditions of bioassay not specified; LC50 Shrimp 80 to 90 mg/l/48 hr aerated water /Conditions of bioassay not specified; LC50 Prawn 42.5 ppm/48 hr salt water /Conditions of bioassay not specified.
This material may be toxic to aquatic life. 



4.13 13. Disposal Considerations

Whatever cannot be saved for recovery or recycling should be handled as hazardous waste and sent to a RCRA approved incinerator or disposed in a RCRA approved waste facility. Processing, use or contamination of this product may change the waste management options. State and local disposal regulations may differ from federal disposal regulations. Dispose of container and unused contents in accordance with federal, state and local requirements. 



4.14 14. Transport Information

Domestic (Land, D.O.T.) 
----------------------- 
Proper Shipping Name: SULFURIC ACID (WITH MORE THAN 51% ACID) 
Hazard Class: 8 
UN/NA: UN1830 
Packing Group: II 
Information reported for product/size: 440LB 

International (Water, I.M.O.) 
----------------------------- 
Proper Shipping Name: SULFURIC ACID (WITH MORE THAN 51% ACID) 
Hazard Class: 8 
UN/NA: UN1830 
Packing Group: II 
Information reported for product/size: 440LB 



4.15 15. Regulatory Information

  --------\Chemical Inventory Status - Part 1\---------------------------------

  Ingredient                                       TSCA  EC   Japan  Australia

  -----------------------------------------------  ----  ---  -----  ---------

  Sulfuric Acid (7664-93-9)                         Yes  Yes   Yes      Yes                                      

  Water (7732-18-5)                                 Yes  Yes   Yes      Yes                                      

  --------\Chemical Inventory Status - Part 2\---------------------------------

                                                          --Canada--

  Ingredient                                       Korea  DSL   NDSL  Phil.

  -----------------------------------------------  -----  ---   ----  -----

  Sulfuric Acid (7664-93-9)                         Yes   Yes   No     Yes      

  Water (7732-18-5)                                 Yes   Yes   No     Yes

  --------\Federal, State & International Regulations - Part 1\----------------

                                             -SARA 302-    ------SARA 313------

  Ingredient                                 RQ    TPQ     List  Chemical Catg.

  -----------------------------------------  ---   -----   ----  --------------

  Sulfuric Acid (7664-93-9)                  1000  1000    Yes        No

  Water (7732-18-5)                          No    No      No         No

  --------\Federal, State & International Regulations - Part 2\----------------

                                                        -RCRA-    -TSCA-

  Ingredient                                 CERCLA     261.33     8(d) 

  -----------------------------------------  ------     ------    ------

  Sulfuric Acid (7664-93-9)                  1000       No         No    

  Water (7732-18-5)                          No         No         No                                                                

Chemical Weapons Convention:  No     TSCA 12(b):  No     CDTA:  Yes

SARA 311/312:  Acute: Yes      Chronic: Yes  Fire: No  Pressure: No

Reactivity: Yes         (Pure / Liquid) 



Australian Hazchem Code: 2P 
Poison Schedule: None allocated. 
WHMIS: 
This MSDS has been prepared according to the hazard criteria of the Controlled Products Regulations (CPR) and the MSDS contains all of the information required by the CPR. 



4.16 16. Other Information

NFPA Ratings: Health: 3 Flammability: 0 Reactivity: 2 Other: Water reactive 
Label Hazard Warning: 
POISON! DANGER! CORROSIVE. LIQUID AND MIST CAUSE SEVERE BURNS TO ALL BODY TISSUE. MAY BE FATAL IF SWALLOWED OR CONTACTED WITH SKIN. HARMFUL IF INHALED. AFFECTS TEETH. WATER REACTIVE. CANCER HAZARD. STRONG INORGANIC ACID MISTS CONTAINING SULFURIC ACID CAN CAUSE CANCER. Risk of cancer depends on duration and level of exposure. 
Label Precautions: 
Do not get in eyes, on skin, or on clothing.
Do not breathe mist.
Keep container closed.
Use only with adequate ventilation.
Wash thoroughly after handling.
Do not contact with water. 
Label First Aid: 
In all cases call a physician immediately. In case of contact, immediately flush eyes or skin with plenty of water for at least 15 minutes while removing contaminated clothing and shoes. Wash clothing before re-use. Excess acid on skin can be neutralized with a 2% bicarbonate of soda solution. If swallowed, DO NOT INDUCE VOMITING. Give large quantities of water. Never give anything by mouth to an unconscious person. If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. 
Product Use: 
Laboratory Reagent. 
Revision Information: 
No Changes. 
Disclaimer: 
************************************************************************************************ 
Mallinckrodt Baker, Inc. provides the information contained herein in good faith but makes no representation as to its comprehensiveness or accuracy. This document is intended only as a guide to the appropriate precautionary handling of the material by a properly trained person using this product. Individuals receiving the information must exercise their independent judgment in determining its appropriateness for a particular purpose. MALLINCKRODT BAKER, INC. MAKES NO REPRESENTATIONS OR WARRANTIES, EITHER EXPRESS OR IMPLIED, INCLUDING WITHOUT LIMITATION ANY WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE WITH RESPECT TO THE INFORMATION SET FORTH HEREIN OR THE PRODUCT TO WHICH THE INFORMATION REFERS. ACCORDINGLY, MALLINCKRODT BAKER, INC. WILL NOT BE RESPONSIBLE FOR DAMAGES RESULTING FROM USE OF OR RELIANCE UPON THIS INFORMATION. 
************************************************************************************************ 
Prepared by: Environmental Health & Safety
Phone Number: (314) 654-1600 (U.S.A.) 
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During the process, acids bottles are stored in the rubber acid carrier.





Rinsing UP water (0.5-1 L)





~ 10 ml HF (48%) for sample 1st rinsing





~ 50 ml EP solution (refill)





Nb wire in alligator clip





Tube with HF





Tube support








� � HYPERLINK "http://www-esh.fnal.gov/owa_user/msds_search.html" ��http://www-esh.fnal.gov/owa_user/msds_search.html�


� Refer to the NIOSH pocket guide more details: � HYPERLINK "http://www.cdc.gov/niosh/npg/npgd0334.html" ��http://www.cdc.gov/niosh/npg/npgd0334.html�


� See attachment 1.
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