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DISTRIBUTION SYSTEM OVERVIEW 
This system has been designed to be used in series with your parahydrogen generator. The system must 
be run with UHP grade hydrogen (>99.999%). It offers the following operational benefits: 

• It regulates the flow of hydrogen into the generator by supplying the gas feed in doses of 3.5-second 
intervals / duty cycle (1.75-second solenoid valve #1 (SV1) open followed by 1.75-second solenoid 
valve #2 (SV2) open). This assists in increased performance and conversion of the generator.  

• It allows one to produce and store parahydrogen to perform experiments during the time when the 
generator is not actively running—it is anticipated that three weeks of storage should allow for 
maintaining of at least 75% parahydrogen fraction by the end of week 3.1 Parahydrogen production is a 
relatively lengthy process (takes approximately one full working day), which requires long start up and 
shut down time of the generator. It is recommended to plan the parahydrogen production process with 
minimal distraction to your parahydrogen-utilization experiments. For example, while the catalyst 
containing chamber is being flushed with normal H2 and the generator is cooling down (~3 hours), the 
utilization experiments can be performed using the gas previously stored in the tanks. 

• Distribution: the distribution functionality allows you to provide a constant supply of parahydrogen to 
multiple projects (in parallel and simultaneously) from the storage cylinders. The storage cylinders can 
be used individually or together. Moreover, it is possible to utilize one cylinder for parahydrogen 
distribution while filling the other tank with freshly produced gas. Make sure to familiarize yourself with 
the manifold before operating it. 

• Heat Exchange coils allow for the inlet and outlet gas from the generator to thermally equilibrate to 
mitigate moisture condensation on the otherwise cold line of exiting parahydrogen. 

• Pressure safety relief valve is used to prevent over pressurizing the system during parahydrogen 
collection, system flushing and other operations. This valve must never be removed and it should be 
checked regularly to prevent damage to the system. 

• In-line particle filter is used to remove any catalyst micro-particles that could be otherwise slowly 
leaching out from the generator catalyst chamber into the lines of other components. Accumulation of 
these participle (over time) may result in the decrease of the parahydrogen fraction due to back-
conversion of the parahydrogen. 

 
Figure 1. Overall schematic of parahydrogen production system for parahydrogen production. 
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OPERATING PROCEDURE 
If this system is being used with the ARS Closed Loop Cryocooler Parahydrogen generator, please refer to 
the user manuals on our website for their operation. 

 
Figure 2. Overall schematic of parahydrogen storage and distribution manifold. 

 

Storage Cylinder Preparation: When using the system for the first time, it is strongly advised to evacuate 
the brand-new tanks to remove air and any volatiles. This process can be accomplished by connecting 
vacuum pump to the vent line. Then followed by: 

1. Opening the Tank Valve and Regulator of each tank being utilized. 
2. Opening Distribution System valves V1, V2, T1, and T2 (Figure 2). 
3. Performing the evacuation for 30-60 minutes of each tank. Note that the vacuum level is not critical 

(must be below 0.01 atm), but the duration of the evacuation is important to allow for sufficiently 
long period of time to evacuate large tanks through thin lines and to evacuate any volatile impurities 
that maybe residing on the inner surface of the brand-new tanks. 

4. Once the evacuation is completed, close the valves and the tanks. 

If evacuation is not possible, then preparation may be accomplished by performing serial dilutions/flush 
cycles using normal hydrogen gas cylinder. Here, the generator needs to be at room temperature (i.e., no 
cryo-cooling): 

1. Establish the flow of normal hydrogen through the generator using dosing mechanism. 
2. Pressurize the storage tanks to 100 PSI (7 atm) with flowing hydrogen gas by operating the 

corresponding valves (Figure 2): e.g. H1, T1, the Tank 1 Valve and Regulator for tank 1. (the tanks 
can be prepared together to separately). 

3. Once the pressure has been reached, then release the gas to vent by opening the corresponding 
vent valve (e.g., V1). During the release, please, make sure the pressure goes down to 5-10 PSI 
overpressure – never allow the tanks to sit open to atmosphere for extended period of time (i.e., 
over 5 mins). You want to maintain a positive pressure in the tanks and prevent atmospheric gas to 
flow back into the tanks. 

4. Repeat the steps above at least 5 times. Each cycle allows you to dilute the content of the tank by 
~5 fold. Five cycles should dilute the impurities to less than 300 ppm. Additional dilution will be 
achieved during parahydrogen production. 

5. Close the valves and the tanks. 

Whatever method is used (evacuation or dilution), this procedure must be performed on the brand-new 
tanks to remove the atmospheric content from the Tanks. 
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Generating and Collecting Parahydrogen 

Before turning on the cryo-cooler the system must be flushed with Room Temperature UHP hydrogen gas 
to remove any moisture which may be trapped inside the catalyst-containing chamber from the previous 
production cycle. This is a very crucial step and must never be skipped. Failure to adhere to this first step 
will likely lead to clogging of the chamber during parahydrogen eventually. Remember your UHP hydrogen 
gas may contain as much as 1 ppm of impurities! The storage tanks should have been depressurized 
before this procedure begins, as stated above. 

1. Turn on the n-Hydrogen tank. Set the output pressure to 500 PSI (35 atm) on the tank regulator. If 
the tank pressure is below 550 PSI, consider replacing the tank. If the n-Hydrogen tank pressure is 
below 450 PSI, the parahydrogen production is not recommended and the tank must be replaced 
with the new tank. Plan accordingly. 

2. Turn on the power to the dosing system. Do not turn the cryo-chiller yet! 
3. Open Valve H1, H2, V1, and V2 to allow the hydrogen to flow to vent. 
4. Allow the system to be flushed to remove all trapped moisture/oxygen for 1 hour. 
5. Once the system has been flushed, follow the manufacturer’s instructions, and turn on the ARS 

system. 
6. Set the pressure on your n-Hydrogen supply tank to your desired pressure. Most cites operating 350 

PSI pressure-relief valve should set the tank pressure to 500 PSI (35 atm). If you are operating the 
higher-pressure version of this system, then set the pressure to 750 PSI (53 atm). 

7. Close vent valves V1 and V2 and H1, H2. 
8. Continue cooling down until the desired temperature of the cold head has been reached (27 K). At 

this point, excess hydrogen gas is vented through the pressure-relief valve. 
9. Once the desire temperature has been reached, release old parahydrogen from the storage tanks 

by opening tank valves, tank regulators, T1, T2, and V1, V2. Do not let the pressure to drop below 
5-10 PSI. Keep the tanks over-pressured at all times. 

10. Close V1 and V2. Open H1, H2 to allow the parahydrogen to be collected in the storage tanks. 
11. Now two serial dilutions must be performed (to remove any old parahydrogen left in the tank). 

a. Allow the pressure in the storage cylinders to build up to 100 PSI (7 atm). 
b. Then close Valve H1 and H2, and open Valve V1 and V2 to release the collected 

parahydrogen to vent. Do not let the pressure of the cylinders to drop below 10 PSI (1 atm). 
c. Close Valves V1 and V2 and re-open Valves H1 and H2. 
d. Perform steps a-c one more time (two times in total). 

12. Now allow the system to collect and store parahydrogen. There is a pressure relief valve which will 
not allow you to exceed pressurizing your storage tanks beyond this pressure. In most cases, this 
safety valve is set to 350 PSI. For the high-pressure version of the system, the safety valve is set to 
750 PSI (53 bar) 

13. Once the desired storage pressure has been collected, proceed to closing Valves T1, T2 and H1, 
H2. NOTE: You may also directly route the parahydrogen directly to the distribution lines on the 
distribution panel (Valve labeled: pH2 Inlet) and directly supply parahydrogen to your experimental 
setup. This feature is useful for production of one tank, while using the other one – this operation 
allows for continuous utilization of parahydrogen tank, while maintaining the production. 

 
14. Close the storage Tank Valves and Regulators.  
15. Proceed to shutting down the ARS parahydrogen generator in accordance to the manufacture’s 

instructions.  
16. Once the generator is shut down, make sure that all Valves on the distribution system are closed. 
17. Turn off the Dosing System. 
18. Close the normal UHP hydrogen supply Tank Valve and Regulator. 

Note that if only one (of the two tanks) is being filled, use one set of the valves to operate/fill one tank.  
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Using the Distribution System for Experiments 

The distribution panel is divided into 3 sections. Tank 1 Control, Tank 2 Control, and the Distribution Panel. 
The Tank Controls are used to supply gas to the Distribution Panel (in addition to the filling and venting as 
described above). One or both tanks can be used at the same time during parahydrogen gas distribution. 
Please, plan your experiments accordingly. Here we will assume that both parahydrogen storage cylinders 
are being used simultaneously.  

1. Open both parahydrogen storage cylinder valves and their corresponding regulators, set to the 
desired output pressure.  

2. Open Valves T1 and T2. Lines will pressurize to the corresponding set pressure of the regulators 
and can be monitored on the distribution panel.  

3. Open valves D1 and D2 to allow parahydrogen to be supplied to the Distribution Panel. Check the 
pressure gauge to make sure that the lines have been pressurized to the set pressure of your 
regulators.   

4. Open the corresponding Line Out Valve (1 to 5) which will supply your experimental setup. 
5. When experiments are complete, shut off the Line Out Valve(s) being used, followed by Closing 

valves D1 and D2. 
6. Turn off Valves T1 and T2 to turn off the supply from the parahydrogen storage cylinders. 
7. Turn off the tank valves and regulator valves to both gas cylinders. 
8. Keep valves V1 and V2 closed to maintain positive pressure at all times. 
9.  
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