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Specifications/Instructions 
UltraDeg® High-Pressure and/or High-Temperature Ag/AgCl Reference Probes 

     

WARNING:  

 

1. Extra CAUTIONS must be taken when dealing with pressurized 

systems. Probe or electrode component may fly out like projectiles 

to cause bodily harm or death, or property damages.  Avoid 

exposure of head and body in potential paths of these objects. Use 

probe only in an access-controlled area or a closed case.  

 

2. Do not rotate the components as shown in Figure 1. ANY 

ATTEMPT to rotate these components may compromise the safety 

or integrity of the probe. It may also damage the electrode of the 

probe and void the warranty. 

 

3. Specifications: 

 

Electrode Type Ag-AgCl electrode in KCl solution (see final invoice) 

Insertion Tube Material 316LSS, 2507SS, Ti, or C-276 (see final invoice or packing slip) 

Fitting and Other Wet 

Metal Materials 

316SS, 2507SS, Ti, or C-276 (see invoice or packing slip) 

Sealing Material in 

UltraDeg Fitting 

Corr Instruments Queon
TM

 

Sealing Material in  

Mounting Fitting 

Viton or Queon
TM

(for Type B probes--Depth Adjustable probes  only, 

see final invoice) (see Section 7 for details) 

Effect of 

High-Pressure Gases 

(CO2/Air/N2/H2/O2/Ar) 

(Never Purge Autoclave 

with a High-Pressure Gas) 

High-pressure gases (total partial pressure >150 psig or 10 bar) may 

damage ref probe during depressurization, unless the probe is a gas-

resistant probe. To depressurize an autoclave when a high-pressure 

gas is present, all valves to a high-pressure gas supply must be closed 

and then, if the temperature is higher than 100 
o
C, the autoclave must 

be cooled to 100 
o
C for the steam pressure to decrease. Autoclave 

pressure must be then reduced extremely slowly (75 pis/hr or 5 bar/hr) 

for all standard reference probes (see Section 12 more information).  

Effect of 

Low-Pressure Air or 

Purging Gas in Headspace 

of Autoclave 

Low-pressure air or low pressure purging gas left in the headspace of 

the autoclave may become a high-pressure gas when the autoclave is 

pressurized and should be treated as high-pressure gases as described 

above (see Section 12 for more information). 

Maximum Pressure 2000 psig (136 bar) or higher (see final invoice or packing slip) 

 

Minimum Pressure 

(Additional Pressure to 

Prevent Boiling) 

When temperature is above 100 
o
C, reactor pressure must be always 

higher than the saturation pressure of water to avoid boiling of the 

probe's internal KCl solution. Additional pressure may be required to 

prevent boiling for certain applications (see below and Section 12).   

 

 
Figure 1. High-Pressure 

Reference Probe  
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4. Calibration and Performance Verification:  

  

The potential of the high-pressure (HP) reference probe may drift with time or may drift after being used 

at high temperatures. Calibration/verification against a regular low-pressure (LP) reference electrode 

(master reference electrode) should be performed at room temperature before and after each use that 

involves high-pressure conditions. Such verification should also be performed upon receiving the probes 

from the factory to make sure that the probe is not damaged during shipping. Pre-shipment 

measurements verified that the potentials of the probe were within ±5 mV from standard Ag/AgCl 

probes filled with the same KCl solution (Figure 2). 

 

 

 

 

Figure 2. Calibration and verification for high-pressure (HP) reference probe using a normal low-

pressure (LP)  reference electrode (Master Reference Electrode) at ambient temperature and ambient 

pressure 

 

Note: The HP reference probe and LP reference electrode must be immersed in the same solution 

(KCl or other salt solution) and the potential difference between the HP ref probe and the LP ref 

probe must be stable. 

 

  

 

 

 

Figure 3. The reference electrode of a standard low-pressure (LP) combination pH 

or ORP probe (connected to BNC shell) can be used as the Master Reference 

Electrode for performance verification. 

 

Note: To make the measurements, the voltmeter black terminal (see Figure 2) should 

be connected to the BNC Shell of the cable from the combination probe and the 

combination probe should be immersed in the same salt solution as the high-
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pressure reference probe (see Figure 2). 

 

5. Trouble Shooting  

  

If the potential measured as shown in Figures 2 or 3 is not stable, air bubbles may form in the probe's 

internal liquid compartment (see Figures 6 and 7). This is especially true if the probe has been placed 

upside down during shipping or storage. The formation of air bubbles may be verified by measuring the 

AC impedance between the center pin of the reference probe and the probe body (insertion tube) when 

the probe sensing tip is immersed in a salt solution. The normal impedance values should be between 3 

kohm and 200 kohm, depending on the concentration of the filling KCl solution in the internal 

compartment and on the type of solution the probe has been immersed prior to the measurements. If the 

AC impedance is more than 500 kohm, air bubbles must be present in the internal compartment.  

 

If an AC impedance meter is not available, a conductivity meter may be used. The conductivity meter 

applies an AC voltage and measures the AC current. If AC measurement is not practical, a simple digital 

multimeter may be used to measure the DC resistance. Figure 4 shows how the DC resistance is 

measured.         

 

 

 

 

Figure 4. Trouble shooting for air bubbles tapped in the internal liquid compartment of a 

high-pressure reference probe by measuring DC resistance with a digital multimeter in two 

polarities.  

 

Because the reference probe may act as a battery whose voltage may cancel the voltage supplied by the 

multimeter during the measurements and cause the multimeter to indicate a false and extremely large 

DC resistance, the measurement must be conducted with both polarities (Figure 4A and Figure 4B). In 

this way, the multimeter may indicate a false and extremely large value in one polarity, but not in the 

other polarity. The value obtained with one of the polarities should be close (<±200%) to the value 

measured with the AC meter. 

 

If the presence of air bubbles is confirmed, tapping or shaking the probe with probe in the normal 

vertical position should remove the air bubbles (see Figure 5). 
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Figure 5. Removing air bubbles from the internal compartment  

Note: The action of suddenly moving up (A) and down (B) the probe will cause the air 

bubbles to go to the very top of the internal compartment, so that the bubbles will not block 

the electrical conducting path in the internal liquid compartment (see Figures 6 and 7).  

 

 

6. Installation/Uninstalation—Depth One-Time Adjustable Probes (Type A Probes)  

 

Type A probes may be installed in a reactor that has an NPT or ISO female port. Figure 6 shows the 

detailed instruction. 

 

 

 

Figure 6. Installation/un-installation of a Depth One-Time Adjustable probe to/from a high-

pressure reactor with an NPT female port. 

 

Warning: Extra CAUTIONS must be taken when dealing with pressurized systems. Probe or 

electrode component may fly out of reactor like projectiles to cause bodily harm or death, or 

property damages.  Avoid exposure of head and body in potential paths of these objects. Use 

probe only in an access-controlled area or a closed case 

 

7. Installation/Uninstallation—Depth Adjustable Probes (Type B Probes)  

 

The mounting fitting of the Type B probe has a soft seal. Figure 7 shows the detailed instruction for 

installation and uninstallation. A torque wrench is required and the soft seal must be torque to a required 

; 
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(B)(A)
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value to prevent leaking (Table 1). Some soft seals are less flexible than the others and Steps 1 and 2 as 

shown in Figure 7 must be followed for re-adjusting the insertion dept (L2). Pliers may be needed to 

loosen the top follower prior to the re-adjustment.  

 

Because soft seals are used in the mounting fitting of the Type B probes, a safety chain must be used to 

prevent probe from being blown out of (see Figure 8). 

 

 

 

 

Figure 7. Installation/un-installation of Type B (depth-adjustable) reference probe 

(see Table 1 for torque requirement).  

 

Table 1. Torque for tightening mounting fitting (ft-lb, N-m in parenthesis) 

Soft Seal Type and Probe Pressure 

Ratings* 

1/4" OD 

Insertion Tube 

3/8" OD 

Insertion Tube 

2000 psi 

(136 bar) 

Viton
#
 25 (34) 35 (48) 

QueonX
#
 32 (43) 50 (68) 

5000 psi 

(340bar) 

Viton 35 (48) 50 (68) 

QueonX 40 (54) 60 (81) 

* Consult the factory for all other conditions.  
#
 Viton is the most common seal although the seal in Corr Fitting is made of Queon 

 

 

 

 

Figure 8. : A safety chain must be used to prevent probe from being blown out of 

the Mounting Fitting that has a soft seal (see Figure 7 and Table 1 for torque requirement). 
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against Mounting Fitting Soft Seal

L2 > 1”

Internal Liquid 

Compartment

Corr Fitting

Queon Seal Inside

Tighten to a given 

torque to installProbe Insertion Tube

Safety chain must be used to 
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Mounting Fitting
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9. Installation Orientation  

 

Because the reference electrode has internal electrolyte (see Figures 6 and 7) and unavoidable air space 

in the internal liquid compartment, air bubbles may be trapped in the internal compartment and isolate 

the electrical conducting path, its sensing end must be lower than its Corr fitting end (Figure 9). Unlike 

the pH probes, the reference probe can be bent.    

 

 

 

 

 

Figure 9. Vertical (A and C) and tilted (B and D) installation for reference probes.  The 

reference probe can be slightly bent (B and C); the sensing end must be lower than the Corr 

fitting end of the reference probe to avoid formation of air bubbles in the internal liquid 

compartment.    

 

 

10. External v.s. Internal Reference Probes 

 

Figure 10 shows the difference between external and internal reference probes. The temperature of the 

electroactive species (Ag/AgCl) is close to ambient temperature for external probes, but the same as the  

reactor temperature for the internal probes. Therefore, the external probes are more stable than the 

internal probes when reactor temperature is high (higher than 100 oC).      
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Figure 10. External v.s. internal reference probes. The electroactive species (Ag/AgCl) is at 

near ambient temperature for external probes, but at reactor temperature for internal probes. 

The external probes are more stable when reactor temperature is higher than 100 
o
C (212 

o
F).      

 

 

10. Effect of Temperature and Cooling Requirement for External Probe 

 

For internal probes, there is no temperature effect on the potential of the reference probe because the 

temperature of the electroactive species, the Ag/AgCl electrode, is the same as the reactor temperature.  

 

For the external probe, the temperature of the Ag/AgCl section affects the potential of the probe. If this 

temperature is fixed at a constant value, the probe potential can be converted to the standard hydrogen 

electrode (SHE) scale. When this temperature value varies from 25 
o
C to 75 

o
C, the potential of the 

probe may vary by 15 mV if the internal KCl solution is 1 m and 25 mV if the internal KCl solution is 

0.1 m. When used as the reference probe for a pH probe, such effect is cancelled out if the temperature 

of the Ag/AgCl section is controlled at the same value during the calibration and during the 

measurements. If the maintenance of the temperature in this section is difficult, cooling water may be 

introduced to cool this section to a near constant value (Figure 11).  

 

11. Storage of Probe 

 

Because the reference probe contains an internal electrolyte (KCl solution) which may be evaporated 

through the tip of the sensing probe, the probe should be immersed in a KCl storage solution all times 

when not in use (Figure 12). The immersion depth should be at least 3" (7.5 cm). The KCl concentration 

of the storage solution is usually saturated, which helps minimize the liquid junction potential and lower 

the impedance of the reference probe. During the immersion, some of the KCl in the saturated KCl 

solution may enter into the porous junction plug at the sensing tip and some of the KCl at the sensing tip 

may be leached back into the test solution. If the test solution is sensitive to the contamination by the 

KCl, the KCl concentration in the storage solution may be lower (between 0.01 m and the KCl 

concentration of the internal solution).  However, it is not recommended to use solutions with KCl 

concentration lower than 0.001 m. The concentration of the storage solution should not significantly 

affect the KCl concentration in the internal electrolyte of the probe because the diffusion rate for the 

b (Insertion tube length) = L2+2”

L2 

(Insertion

depth)

Insertion 

Tube
Ag-AgCl

Electrode

Filled with 

KCl solution

7.5”

b2 >14” 

(35 cm)

L2 (Insertion

depth)

External Probe

Internal Probe

b (Insertion tube length) = L2+16”

Ag-AgCl Electrode
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KCl through the junction plug is extremely low. Thus the concentration of the storage solution should 

not significantly affect the potential of the reference probe.  

 

New probes from the factory usually come with a storage bottle, but it contains only a very small 

amount KCl solution due to the strict restrictions on the transportation of the probes with a liquid. Please 

remove this bottle and place the probe in a larger/taller container as shown in Figure 12 so that the 

immersion depth is at least 3" (7.5 cm). Also, the crevice between the sealing o-ring of the bottle and the 

insertion tube of the probe may promote crevice corrosion if the insertion tube is made of Type 316 

stainless steel.  The removal of the small bottle will also help minimize the possibility of crevice 

corrosion for the insertion tube.  

 

 

 

 

 

Figure 11. A cooler may be used to maintain the temperature of the Ag/AgCl section at a 

constant value or near 25 
o
C for more precise measurements. 

If a cooler is not available, cooling water may flow through copper tubing wrapped around 

insertion tube to cool the Ag/AgCl section.  

    

 

 

 

 

 

Figure 12. Probe tip should be immersed in a KCl solution at all times at ambient 

temperature and pressure when not in use.  
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12.  Effect of High-Pressure Gases (CO2 N2, O2, H2, or Ar)  

 

 Mechanical Damage to Inner Compartment 

 

In an autoclave/ reactor containing a high-pressure gas such as CO2, a large amount of the gas can 

diffuse through the plastic tube wall into the inner compartment of the reference probe (see Figure 13) 

and dissolve into the internal KCl solution. After a period of time, the partial pressure of the dissolved  

         
Figure 13. Pressure balanced Ag/AgCl reference probe 

 

gas inside the inner compartment will equal to the partial pressure of the gas in the autoclave. In most 

cases, the gas (such as CO2, N2, O2, or air) is inert and does not change the electrode potential of the 

probe, but the gas may cause mechanical damages to the inner compartment when the autoclave/reactor 

pressure is suddenly reduced because the pressure of the gas inside the inner compartment is high. The 

large pressure difference, even in a very short period of time, will cause the inner compartment to 

expand and potentially to fail. The large pressure difference may also push the internal KCl solution out 

of the inner compartment through the porous salt bridge which has an extremely low leakage to the KCl 

solution when the inside and outside pressures are equal.  

 

High-pressure water steam is not considered as the above-mentioned high-pressure gas because the 

steam pressure will drop below 1 bar when the temperature is lower than 100 
o
C.     

 

Using the Reference Probe in a System Containing High-Pressure Gases 

 

The following procedure should be followed to avoid potential problems with the reference probe: 

 

a) Avoid Depressurization:  

Experiments should be designed such that the number of depressurizations is minimized. The 

reference probes will function normally at pressures up to the rated value when there is no 

depressurization. 

      b) Depressurization Slowly: 

 Depressurization should only be conducted slowly to give a chance for the CO2 or other gases 

trapped in the internal compartment to diffuse out without causing the inner compartment to 

expand. For example, only reduce the pressure step by step [e.g., in 150 psi (or 10 bar) interval, 

2 hours hold time for each interval] or at a rate of 75 psi (5 bar) per hour continuously. This rate 

L2 (Insertion 

depth)Insertion tube

Ag-AgCl Electrode 
Liquid Junction

Inner compartment made 

with plastic tubing and   

filled with KCl solution

drain holes

or slots
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was based on the experiment with CO2 at room temperature. The required depressurization rate 

may vary with different gases and should decrease if the temperature is lower.     

        

If the reactor temperature is higher than 100 
o
C, the reactor must be cooled to100 

o
C to reduce 

the steam pressure before the depressurization. Because the gas diffusion rate through the plastic 

membrane is higher at a higher temperature, the reactor temperature should be maintained at 100 
o
C during the depressurization.  

 

c)  Degassing before Depressurization:  

If depressurization of the reactor/autoclave cannot be avoided between experiments, the partial 

pressure of CO2 (or other gas) in the fluid surrounding the inner compartment should be 

decreased (degassed) while the system is still under pressure. When the partial pressure of CO2 

(or other gas) in the fluid surrounding the inner compartment is reduced, the dissolved gas in the 

internal compartment will diffuse out, even if the reactor total pressure is still high. The high 

reactor pressure prevents the inner compartment from being mechanically expanded while the 

dissolved gas diffuses out. The diffusion rate for the CO2 (or other gas) from the inner 

compartment to the reactor is proportional to the CO2 (or other gases) partial pressure difference 

between the inner compartment and the surrounding fluid. 

 

Degassing may be achieved by pumping a gas-free solution or pure water into the reactor at the 

end of an experiment.   

  

Purge of Reactor with an Inert Gas 

 

If an experiment requires the purge of the reactor with an inert gas such as N2 or Ar, the purging should 

be conducted at near-ambient pressures to avoid the effect of high-pressure N2 or Ar as mentioned 

above. never purge the autoclave under pressure. The purging gas in the headspace of the autoclave 

should also be removed before pressurization (see below).    

 

Low-Pressure Air or Low-Pressure Purging Gas in Headspace of Autoclave 

 

Low-pressure air or low pressure purging gas in the headspace of the autoclave may become a high-

pressure gas when the autoclave is pressurized. Therefore, the low-pressure gas should be treated as a 

high-pressure gas unless it is removed before pressurization.  

 

If the experiment is to be conducted at a temperature above 100 
o
C, the reactor temperature should be 

held at 100 
o
C (or slightly higher) for 30 to 60 minutes with the venting valve of the autoclave fully open 

(before pressurization) to allow the steam generated by boiling of the solution to drive out the air or the 

purging gas in the headspace.  

 

If the experiment is to be conducted at a temperature lower than 100 
o
C, the volume of the headspace in 

the reactor should be minimized. If the minimization of the head space is not practical, the slow 

depressurization procedure described above must be followed. 

 

Additional Pressure to Prevent Boiling 
 

To avoid boiling of the internal KCl solution of the reference probe, the reactor pressure must be higher 

than the saturation pressure of pure water at all times when the temperature is above 100 
o
C. When the 

reference probe is used in a static autoclave filled with a solution containing highly concentrated salt or 
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a hygroscopic agent (such as MgCl2, CaCl2, or NaOH), the vapor pressure of the solution ((Psolution) 

which is often also the pressure of the autoclave may be significantly lower than that of the internal KCl 

solution (whose vapor pressure is close to that of pure water) and cause the internal KCl solution to boil 

and to form steam bubbles inside the inner compartment. The steam bubbles inside the inner 

compartment may cause electrical isolation and affect the measurements. Additional pressure (usually 

less than 15 psi or 1 bar) must be provided to suppress the boiling of the internal KCl solution.   

 

A convenient way to add the additional pressure (ΔP) is to connect the autoclave to a high-pressure N2 

or Ar gas cylinder. Extra precaution must be taken to avoid adding too much gas (by more than 15 psi or 

1 bar) to the reactor. The N2 or Ar pressure at the outlet of the gas cylinder must not be more than 

(Psolution+15 psi). 

  

The N2 or Ar source can only be valved to the autoclave when the temperature is at the testing 

temperature and must be valved out (isolated ) from the autoclave before the temperature reaches the 

testing temperature  when the temperature of the autoclave starts to decrease. If the high-pressure gas is 

not isolated from the reactor at temperatures lower than the testing temperature, extra gas will enter the 

autoclave because the pressure of the steam in the autoclave is low.  


