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1.0
Scope

This document covers the operating principles and procedures for using Blue M 1500 °C heavy duty furnace (Model: STF54779C).  The primary use of this furnace is for reacting superconducting materials, in particularly Ag-sheathed Bi2Sr2CaCu2Ox, in vacuum, air, or 100% O2. 
2.0
Equipment/Materials
2.1       Blue M 1500 °C heavy duty furnace
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Figure 1: Blue M 1500 °C heavy duty furnace (Model: STF54779C) and its controller (Model: CC584853PC-1, right)  
Blue M 1500 °C heavy duty furnace at IB3a is a three-zone tube furnace designed for use where exceptional radial and linear temperature uniformity is critical.  It is equipped with a programmable controller that offers the flexibility of ramping to multiple setpoint levels and holding theses levels for variable periods of time. The temperature controller provides one 16 programmable segments consisting of ramps or dwells. Its silicon carbide heating elements produces a temperature up to 1500 °C.  It is equipped with a quartz tube (ID: 4”) with vacuum assembly.  Figure 1 shows a picture of the furnace with its controller and Table 1 lists the specifications of the furnace.
Table1: Specifications of Blue M 1500 °C heavy duty furnace (Model: STF54779C)

	Specifications
	 

	Furnace and 

heating elements
	Horizontal three-zone tube furnace with silicon carbide elements

	Controller 
	Three-zone programmable controllers (Model: CC584853PC-1) 

which contains three microprocessor - based temperature 

controllers and featuring an Over Temperature Protection system. 

	Temperature Range 
	100° to 1500°C 

	Thermal Couples
	Type “R” thermal couples attached to six feet of compensated 

thermocouple lead wire with a polarized plug 

	Display 
	LED; temperature and setpoint in °C or °F 

	Electric ratings
	240 V, 105 A, 25 kW, 50/60 Hz, and 1-phase 

	Process tubes
	Fused quartz glass; O.D: 115 mm; I.D:  110 mm; 

Max. working temperature: 1200 °C or 2192 F; 


2.2       Oxygen Supply System 
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Figure 2: Schematic of a simple oxygen – furnace system that would be suitable for reacting high-temperature superconducting wires and coils

An oxygen supply system will be incorporated into the furnace system to provide oxygen atmosphere for reacting Bi2Sr2CaCu2Ox.  It comprises of a compressed gas cylinder, a gas regulator, a gas flow meter, tubing, the furnace, and a gas bubbler (Figure 1).  
Although oxygen itself is chemically stable, will not decompose, and is not flammable; its use involves a degree of risk that shall never be overlooked.  The risk is that oxygen is a strong oxidizer that vigorously supports combustion.  Oxygen is reactive at ambient conditions, and its reactivity increases with increasing pressure, temperature, and concentration.  Most materials, both metal and nonmetals are flammable in high-pressure oxygen; therefore, systems must be designed to reduce or eliminate ignition hazards. 
The system is designed for reaction in 1 atm or lower oxygen gas partial pressure.  The system uses a gas regulator to reduce high gas pressure inside the cylinder, often over 2000 psi, to a low system pressure, in our case, 15-20 psi.  Figure 3 shows the gas cylinder with the gas regulator from Airgas and table 2 lists the specifications for the oxygen flow regulator.  The gas regulator is connected to the reaction tube using a flexible metal hoses that are fabricate from 316L stainless steel corrugated bellows and feature an inner core reinforced with two stainless steel braids.  It is from AIRGAS and t is cleaned so it allows high-purity gas handling (Table 3).  This system design has been adopted for the 1100 °C  Lindberg Blue three-zone tube furnace (Model: STF55666C) at IB3 and has been proved to be safe and reliable.
[image: image4.emf]
Figure 3: Airgas two-stage flowmeter regulator (Y12-FM244A540) and an ultra high purity oxygen cylinder from AIRGAS 
                               Table 2: Specifications for the oxygen flow regulator

	Product
	Airgas Y12-FM244A540 two-stage flowmeter regulator

	Material
	Brass

	Max Inlet Pressure
	4,000 psig

	Max Outlet Pressure
	25 psig

	Relief Valve Setting
	75 psig


Table 3: Specifications for the airgas flexible metal pigtail shown in the Figure 4
	Maximum rated inlet pressure
	3,000 psig

	Proof pressure
	4,800 psig

	Burst pressure
	13,000 psig

	Materials
	316L and 321 (braids) stainless steel


2.3       Vacuum System 

The quartz tube is equipped with vacuum sealing assembly at the ends with KF-25 port.  The reaction tube can be pumped down to 10-7 torr using a Turbo-molecular pump (Pfeiffer, oil free) with vacuum gauge.
3.0
General Operating Procedure for Furnace: Metallurgical Processes in Air
Reacting materials using furnaces comprise the following major steps:

1) Load the sample and install the gas/vacuum assembly.
2) Program the controller to run according the specific heat treatment schedule.

3) Start the data logging.

4) Run the program.

Consult the appendix A of this operation procedure (Installation and Operation manual of STF54779C Blue M 1500 °C heavy duty furnace) for general care and maintenance of the furnace and the silicon carbide elements.  Also see the appendix B (Installation and Operation manual of CC584853PC-1 control console or Yokogawa UP150 controller) on how to set furnace to operating temperature. 
4.0       Reacting Materials in O2
To start a heat treatment with oxygen flow
1) Make sure all system components are properly connected and the gas flow-meter knob is completely closed and the flow-meter floater is at rest position.

2) Inspect the gas cylinder valve for leaks before putting it into service. 

3) Inspect the cylinder valve and regulator thoroughly for dust, oil and grease or check if the regulator is damaged. Wipe dusty parts with a damp cloth. DO NOT USE THE CYLINDER IF OIL OR GREASE IS PRESENT. Inform your gas supplier of this condition immediately. 

4) If steps (2-3) are ok, now you are ready to operate the system. Slowly open the oxygen cylinder valve, open the gas regulator till the output pressure is ~20 psi, and then adjust the floater to the desired flow.

When you finished your heat treatment, close the cylinder valve and gas regulator.

Improper handling of compressed gas cylinders can result in adverse physical or heath effects. The section will introduce the guidelines on the proper storage, handling, use and disposal of compressed gas cylinders. 
4.1
       Gas Cylinder Transport
Cylinders should only be transported on purpose designed trolleys of the correct size. A cylinder cart was purchased, labeled as “IB3 Linderberg oxygen use”. The cart is designed for transporting single cylinders (cylinder size supported 200 and 300) and features retractable rear wheels for added safety and maneuverability. 

If a cylinder is known or suspected of leaking its contents, it must be transported to the caged area outside the building and returned.
Testing for leaks can be carried out by brushing on a solution of detergent such as 1% Teepol HB7 or other proprietary leak detector solution and looking for bubbles. Cylinders with leaking valves must be returned to vendor as soon as possible. Leaking regulators must be replaced.

A cylinder must not be lifted by its valve or cap.

Anyone transporting such cylinders must have manual handling training. A manual handling risk assessment needs to be made and significant findings recorded. A full 300 sized cylinder weighs approximately 137 lb.

4.2
         Cylinder Storage
Cylinders should be always firmly secured and should never be left unsupported.

4.3           Cylinder Return

Oxygen cylinders used in Fermilab are purchased from Airgas, which agrees to take back empty cylinder so Fermilab needs not to dispose the empty compressed gas cylinders. A cylinder is considered empty when the container pressure is at atmospheric pressure. Empty cylinders should be returned to the storage rack located outside the ICB and IB3. Maintain manufacturer labels and label the cylinder with an “empty” tag

4.4
         Regulator Inspection

Only regulators labeled for oxygen gas may be used with oxygen. They contain no oil or grease. Using a regulator labeled for a different gas could result in a fire or explosion. If an oxygen regulator has been used with another gas it must never be used again with an oxygen cylinder unless it has been serviced and declared safe. Never use oil or grease.

Be certain that the materials of a pressure regulator are chemically compatible with the intended gas service before installation. Inspect the gas regulator for the proper valve inlet connection and note the ranges of the pressure gauges. Also examine the physical condition of the regulator including its threads and fittings. Remove any dust or dirt from the gas regulator or cylinder valve with a clean cloth. Do not install a gas regulator on a cylinder containing oxygen or another oxidant if grease or oil is present on the valve. Such combustible substances in contact with an oxidant can be explosive. Initiate procedures to have the equipment properly cleaned and identify the equipment to prevent usage.

4.5
       Installing Gas Regulator

The gas regulator should be securely installed on the cylinder valve using the proper wrench and without forcing the connection. Do not use pipe dope, pipe thread or Teflon® tape on valve connections and never use valve connections that leak. Adapters from one valve connection to another valve are not to be used to connect equipment to a high-pressure cylinder. The gas regulator adjusting knob should be turned in the full counterclockwise or closed direction. Most Scott regulators are equipped with a needle valve in the regulator output or delivery port. This needle valve should be closed by turning its adjustment knob in the full clockwise direction. The downstream equipment connection can then be made to the gas regulator output needle valve.
4.6
      Operating Regulator

The operator, wearing safety glasses and appropriate PPE, should stand to the side of the gas cylinder opposite the regulator and slowly open the cylinder valve until the high-pressure gauge indicates the full cylinder pressure.

The regulator output needle valve can be opened after it is certain that all downstream equipment is rated for pressures above the maximum regulator outlet pressure.

Open the gas regulator by turning its adjustment knob clockwise until the desired output pressure is indicated on the delivery gauge. After this setting is made, inspect the delivery pressure gauge to make certain that the gas regulator is providing a constant and stable output pressure.

Check the system for leaks by closing the downstream equipment valve, setting regulator pressure, closing the cylinder valve and turning the regulator adjusting knob one turn counterclockwise. A decrease in the high-pressure gauge will indicate a leak in the fitting where the valve connects to the cylinder or high-pressure gauge. A decrease in the low pressure gauge indicates a leak in the outlet fitting, low pressure gauge or a downstream equipment connection. Check for the exact location by using appropriate leak detection instrumentation or methods. A decrease in the high pressure gauge occurring concurrently with an increase in the low pressure gauge indicates a leak in the regulator seat. The regulator must then be repaired or returned for servicing.

Close the cylinder valve when the cylinder is not in use. When the downstream equipment is not being used, close the cylinder valve and open the equipment valve to remove all pressure from the regulator. Close the equipment valve and then release all tension on the gas regulator adjusting knob by turning it in the full counterclockwise direction.

4.7         Removing Regulator from Service

Close the cylinder valve fully and isolate the regulator by safely removing all gas from it. Consideration must be given to the type of gas in service and the safe removal of residual gas from the regulator or equipment. With no gas pressure in the regulator, remove all tension on the regulator adjusting knob by turning it in the full counterclockwise direction. Remove the regulator from the cylinder by using the proper wrench and protect it from damage and foreign materials. Install the protection
5.0        Reacting Materials in Vacuum
To safely establish a vacuum, connect the vacuum pump to the KF-25 port located at the end of the quartz tube.  Turn on the vacuum pump and observe the pressure levels.  After the system reaches the desired vacuum level, start the heat treatment.
6.0
Emergency Shut-Down Procedure
In the case of major gas leaks:
1) Evacuate the area.
2) Call 3131 and report the incident.
3) Provide emergency response officials with details of the problem.  

In the case of Fire Emergencies:
1) Activate fire alarm.

2) Evacuate the building.
3) From a safe area, call 3131 to report the fire. 

4) Provide fire and/or police officials with the details of the problem.

In the case of Non-Hazardous Minor Gas Leak:
1) Close the cylinder valve.
2) Shut down equipment using gas.
3) Apply LOTO as required. 
7.0         Lock-Out/Tag-Out Procedure

7.1         See OP-464030 LOTO TD-512064
8.0         Special Precautions
8.1         Operators must review the Hazard Analysis before operating equipment.
9.0
Test Reports
9.1
Logbook of operation time, pressure, temperature
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