High Pressure Reactor Standard Operating Procedure
Fill the Reactor.

1.)
The reactor and top should be resurfaced if needed, using 220 grit paper going in circular motions.

2.) 
The reactor to be used should be filled in an inert environment (i.e. He or N2) glovebox).

3.) 
The reactor should contain a non-reactive crucible or tube to protect the sample from the steel (i.e. alumina tube, silica tube, carbon crucible, or tantalum crucible).

4.) 
Choose the appropriate top for the reactor. For the square collar reactors, the top with a valve or valve and gauge assembly should be used in order to add H2S  to the reactor; else the solid top should be used. (Note: check the needle valve on the reactor top to be closed inside the glovebox before exiting.)

5.) 
The reactor should be sealed with appropriate gasket material. Bolts should be tightened in a cross pattern.

a. 
Viton o-ring: torque to snug (much less than 1 ft-lbf), do not over tighten! Material working temperature range is -29°C to 204°C. (Note: H2S may diffuse through after long exposure time.) Use size 218 o-ring.

b. 
Teflon FEP o-ring: torque to about 1 ft-lbf. Material working temperature range is -184°C to 232°C (melts at 254°C). Appears to be relatively inert to H2S. Use size 218 o-ring.
c. 
Copper washer: torque to 30 ft-lbf. Recommended material working temperature range is 22°C to 850°C (melts at 1083°C). Colloidal copper anti-seize needs to be used in conjunction to seal at room temperature. Graphite disk needs to be used in conjunction to protect the copper from H2S gas or S2 vapor (above 445°C), also protects the sample from distillate products found in copper anti-seize.
Load the reactor with H2S

1.)
Connect the Swagelok fitting from the reactor to the high pressure tubing. (Note: the needle valve from the reactor should be closed at this point.)

2.) 
Connect the Swagelok fitting from the H2S cylinder to the high pressure tubing. (Note: the regulator needle valve and tank valve should be closed on the cylinder.)

3.)
Pump vacuum to the first ball valve (which isolates the vacuum pump line), note the obtained vacuum on the Edwards vacuum gauge (should be between 65 to 80 milliTorr).

4.) 
Make sure the exhaust ball valve is closed and open the first ball valve to the remainder of the high pressure tubing. (Note: the H2S cylinder tank valve, the regulator needle valve, and the reactor needle valve should still be closed.) Note the vacuum pressure; the pressure should be close to that in the previous step. If not, check all Swagelok connections off the high pressure line. 

5.)
While monitoring the pressure gauge, slowly open the needle valve to the reactor until about 200 milliTorr is noted. Continue to adjust the reactor needle valve keeping 200 milliTorr until the vacuum returns to the prior valve.  At this point the reactor needle valve should be fully open and the reactor under vacuum.

6.) 
If a H2S pressure greater than 38 psia at 22°C is desired, the reactor bottom must be frozen. To freeze the reactor, place a vacuum flask with liquid nitrogen under the bottom of the reactor covering a couple of inches of the reactor below the liquid level. Wait for the liquid nitrogen to stop boiling off rapidly; at this point the reactor bottom has reached liquid nitrogen temperatures. (Liquid N2 -196°C, liquid H2S -61°C, solid H2S -86°C).
7.)
To fill the reactor with H2S pressure below 38 psia, close the first ball valve to isolate the vacuum pump from the rest of the high pressure tubing. Turn the H2S cylinder regulator knob counter-clockwise until it is loose, open the H2S cylinder tank valve and the regulator needle valve, and check that the needle valve on the reactor top is fully open. Turn the cylinder regulator knob clockwise until the desired pressure is obtained.

8.)
 To fill the reactor with H2S pressure above 38 psia, close the first ball valve to isolate the vacuum pump from the rest of the high pressure tubing. Close the needle valve on the reactor top, open the regulator needle valve, and open the H2S cylinder tank valve until the pressure in the high pressure tubing reaches that of the cylinder regulator (38 psia maximum). Close the H2S cylinder tank valve, open the needle valve on the reactor, wait for the pressure in the high pressure line to reach -30 psia on the cylinder regulator gauge, and close the reactor needle valve. (This is ~1.2 grams of H2S at 38 psia regulator pressure.) Repeat this procedure until the desired quantity of H2S in the reactor is obtained. At room temperature (22°C) the vapor pressure of liquid H2S will be 267 psia.

9.)
Close the H2S cylinder tank valve and regulator needle valve. Make sure the reactor needle valve is closed, and open the ball valve allowing the vacuum pump to have access o the high-pressure line. After pumping down the line, close the ball valve isolating the vacuum pump.
10.)
The reactor and H2S cylinder Swagelok fitting may now be taken apart. The H2S cylinder should be returned to the fume hood for storage.

Switch Reactor Tops

1.) 
This procedure applies when the square collar reactor tops are to be switched from the top with the valve and gauge assembly to the sold top. (This is recommended with furnace work, the Swagelok valves have a working range of -54°C to 232°C, the Scott gauges have a working range of -18°C to 72°C.)
2.) 
Enter the filled reactor, solid top, and gasket into the nitrogen glovebox.

3.) 
Enter liquid nitrogen in a vacuum flask into the nitrogen glovebox, it is recommended that the vacuum be applied for 30 minutes in the exchange port with no purging.

4.)
Inside the nitrogen glovebox, freeze the reactor by placing it inside the liquid nitrogen flask, watch the pressure on the gauge. When the gauge is pegged at zero (indicating a vacuum inside the reactor) and the liquid nitrogen has stopped boiling rapidly, the 4 bolts should be removed.

5.)
After removing the bolts, again freeze the reactor until the liquid nitrogen stops boiling rapidly. At this point, the needle valve atop the reactor may be opened, and the top removed. 

6.)
Place the solid top with the gasket on the reactor and tighten bolts in a cross pattern. Torque bolts to recommended torque specifications based on gasket material given in the first section. (It is recommended that this procedure take no longer than 3 minutes to assure minimum H2S evaporation.)
7.) 
The liquid nitrogen and the reactor may no be removed from the glovebox. (It is recommended that minimal or no vacuum be pulled on the exchange port when exiting, preventing liquid nitrogen spill-over.)

Furnace work

1.) 
This is perhaps the most critical aspect of the procedure in terms of safety. The pressure developed at elevated temperatures may cause an explosion, effectively the reactor acts as a pipe bomb which can destroy the furnace and perhaps more. It is important to accurately determine the developed pressure in the reactor (including H2S and sample products) at the desired furnace temperature.

2.) 
 In addition to the yield stress, σy, of the reactor material (stainless steel 304 or 316) needs to be determined from temperature data (ranging from 36.9ksi at 24 degrees C to 7.4 ksi at 871 degrees C). The critical pressure Pc, can then be determined from the hoop stress for a thin-walled pressure vessel solution, 
i.e  Pc, = σyt  / r. The thin walled pressure vessel solution can accurately be applied when the outside radius, r, is greater than 5 time the wall thickness, t, i.e.

r > 5t. The wall thickness is always taken as the thinnest section of the cylindrical wall. The hoop stress is twice that of the longitudinal stress for the cylindrical vessel.
3.
The larger the safety factor the better (always S.F. > 2, recommended S.F. ~10 or higher). So the working pressure, Pw = Pc/ S.F.
4.) 
Recommend a furnace ramp rate of 2°C or 3°C per minute.

5.)
Significant iron sulfide has been noted to form on the reactor walls above temperatures of 400°C

