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Guidelines for use of R-407H
as a replacement for R-22 in commercial refrigeration.

Introduction

R-407H has been designed around traditional chemistry
to achieve high efficiency and a GWP of 1380 (IPCC AR5)
to be used in new commercial refrigeration systems such
as racks, remote condenser and standalone; and as a
service refrigerant for replacing R-22 in R-404A/R-507A in
existing refrigeration systems.

Daikin has produced this guide to focus on R-22 retrofits
and help service technicians better understand the
various technical and operational aspects of carrying out
retrofit procedures with R-407H. Although the informa-
tion can be helpful as a general guide, it should not be
used as a substitute for the equipment manufacturer’s
specific recommendations. Also, retrofitting should be
considered system specific. Since systems can differ in
condition and configuration, retrofit actions applied to
one system will not necessarily result in the same level
of success in another system.

For this reason, we recommend contacting the equipment
manufacturer for detailed information on retrofitting the
specific model under consideration. Also, refer to the
Safety Data Sheet (SDS) for safety information when you
will use R-407H.

When should R-407H be used?

One should consider current system reliability, timing,
energy efficiency changes, material and labor costs as just
some of the criteria when evaluating a retrofit. This can
be done through a cost estimate by the refrigeration
contractor or engineer. Some items to take in to deep
consideration would be current system emissions rates,
availability and pricing of existing refrigerant gas currently
and in the future, energy efficiency impacts of the
retrofit, current system capacity and design, any additional
equipment since first commissioning,

In some situations, newer installations or leak free systems
would not benefit from a retrofit; and on the reverse

side, a refrigerant retrofit combined with a deep system
maintenance or improvements (e.g. condenser cleaning,
replacement or addition of doors/air curtains to certain
cases, controller and valve fine tuning, addition of
electronic valves) can provide a double benefit while
minimizing labor costs and down time.

With R-407H, Daikin Chemicals offers a refrigerant
specifically developed to replace R-22. The main
advantage of R-407H is the close match in working
pressure, volume flow rate, and efficiency. Which results
in a shorter conversion time because it is often not
necessary to change major parts of the system such as
distributors or valves. In addition, R-407H discharge
temperatures are typically lower than R-22 reducing

the need for liquid or vapor injection.

As R-407H has zeotropic fluid characteristics, it is
incompatible to systems equipped with a flooded
evaporator or in pump installations.

Specific behavior of R-407H in R-22 systems
R-407H is a mixture of R-125/R-32 / R-134a. It has been
specially developed to be a lower GWP and economically
friendly alternative to R-22. In most cases, R-407H can be
used without major component changes. However, a few
points should be noted when using R-407H:

Range of application of R-407H

Replacement refrigerant for MT; Replacement refrigerant
for the LT refrigeration systems equipped with liquid
injection or other discharge temperature mitigation.

For details of the allowable compressor envelope range,
please check with each compressor manufacturer.

Pressure Requirements (Also see: Wet vapor table)
R-407H has a normal boiling point (NBP) of -44°C and a
slightly higher vapor pressure than R-22; when comparing
bubble point pressure R-407H is 3psi higher at -40°F 42psi
higher at 105°F. Generally, this is within design parameters
of R-22 systems and as such it can be used in existing
R-22 systems without problems. However, the pressure
tolerance and design range of existing systems should be
thoroughly tested when attempting any retrofit.

Temperature Glide (Also see: Wet vapor table)

The temperature glide of R-407H can be calculated

from the tables and ranges from 7.9°F to 8.6°F at the
evaporator for low temperatures to medium temperature
set points. The system controller should be set for the
evaporator midpoint of R-407H. Likewise, when adjusting
manually superheat and sub cooling should also be
calculated from the midpoint.

Expansion devices

Thermostatic Expansion Valves (TXV):

As discussed previously, R-407H has a slight higher
saturation pressure than R-22, especially at higher
temperatures. If the pressure drop can’t be compensated
by the adjustment of the TXV (closed) a replacement to

a different TXV is necessary. If dedicated R-407H TXVs
are not available we recommend the use TXV suitable for
R-407C/A/F (e.g. Parker ENF/SF/HF series with VZ charge
for LT and VC charge for MT)

Electronic Expansion Valves (EEV):

For the programming of the p-T curve within the control
of the EEV please contact the manufacturer of the EEV. In
case coefficients for the programming are needed, please
contact our regional technical support team.

Suction Side Components

Some suction side components such as valves need to
maintain a minimum pressure drop for proper system
operation. R-407H has a lower vapor density when
compared to R-22 and thus the volumetric flow rate
required will be 14-16% higher at LT conditions and
9-12% higher at MT conditions. Typically, this increase is
within the range of operation for existing R-22 valves,
however if components need to be replaced due to age or
performance limits we recommend R-407H type compo-
nents. Alternatively, if R-407H components are not
available we recommend R-407A type components for LT
conditions and R-407C or R-407A type components for
MT conditions.

Liquid separator and Distributors

The volume flow of R-407H is almost identical to R-22 at
comparable capacities. Suction line liquid separators rely
on a minimum volume flow to return the liquid (oil) to
the compressor. If existing R-22 components are providing
adequate performance no change is required. If existing
components need to be replaced due to age we recom-
mend R-407H type components. Alternatively, if R-407H
components are not available we recommend R-22 or
R-407F type components.

0Oil management

R-407H is compatible with POE and PVE oils. POE oil

is recommended due to availability. Check with the
compressor manufacturer to determine which lubricant
and viscosity grade is appropriate. It is absolutely
necessary to check the oil return precisely after the
conversion and during the running-in period.

R-407H is not compatible with Mineral Oil (MO) and
will not provide appropriate oil return. All MO must be
removed and replaced as part of the retrofit.
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Moisture

In refrigeration systems moisture should generally be
avoided, regardless of the refrigerant or refrigerating
machine oil selected. High levels of humidity in the
refrigeration cycle may lead to the formation of ice at
the expansion valve, to corrosion of metal surfaces and
damage to the motor coils. When present, moisture may
also begin the chemical decomposition of the oil to acid
further increasing damage to the system.

Humidity can be avoided by adequately evacuating
the refrigerating system. As always after maintenance
and repair work, the vacuum should be lower than
500 microns.

Filter dryers
R-407H is compatible with the common HFC filter driers
used e.g. for R-134a and R-407A/C/F.

Compatibility with elastomers and plastics

R-407H has the same compatibility with elastomers and
plastics as R-404A, R-507A or R-407A. But even suitable
sealing materials existing in the system are subject to
aging. Penetration by the old refrigerant can lead to
embrittlement and swelling of the seals upon pressure
reduction or change. This breakdown can lead to leaks
and as such the replacement of all elastomers is highly
recommended when performing a retrofit.

Table 1 and Table 2 list sealing materials compatible with
R-407H.

Neoprene HNBR NBR EPDM
POE + O + +
MO + - + -

Table 1: The compatibility of elastomers with R-407H and oils

Polyester Polyamide Epoxy
POEO+ ................... + ..........
MO 0 + +

Table 2: The compatibility of polymers with R-407H and oils

Other types of elastomers and polymers can be tested for
their compatibility with R-407H on request. In such a case,
please contact our technical service team.

Guidelines for use of R-407H
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Flow diagram for the conversion to R-407H

Check the condition of the system
(see conversion check list)

Reclaim and weigh the R-22

Exchange system components,
elastomers and oil if necessary

Evacuate the system and
check its leak tightness

Have any leaks
been identified?

Fill the system with R-407H

Check the oil return

Optimize the operating status

Labelling and documentation
in accordance with regulations

Yes

Locate and repair

the leak
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The conversion of R-22 systems
to R-407H in detail

Inspecting and documenting the system condition

The conversion of a system from R-22 to R-407H begins with
the inspection and documentation of the current system
status. It should be the basis for the final decision whether
to opt for a retrofit solution with R-407H or for a continuing
operation with R-22.

The following points have to be identified:

¢ What overall status of the system? What would be the
consequences of a system failure?

e Inspection of the logbook and system for indication of
refrigerant leaks.

¢ |s the system suitable for a zeotropic refrigerant e.g. no
flooded evaporators and pumped systems?

¢ What type of oil is currently in the system?

¢ Are the installed solenoid valves and liquid separators
suitable for R-407H?

¢ Inspection of the suitability of the elastomer, plastic and

sealing materials used for seals, O-rings, solenoid valves etc.

¢ What are the current operating temperatures
and pressures?

e Will R-407H pressures increase or decrease at those
same temperatures? Will the system tolerate the change
in pressure?

e |s the system currently performing at expected efficiency?
At expected Capacity?

Removal and recovery of the R-22
e The removal and reclaim of R-22 from the system
is required.

* The removed quantity of refrigerant must be filled into
DOT steel cylinder.

e The cylinder must be weighed during the reclaiming
process to avoid overfilling.

e The specified bulk factors must not be exceeded.
The weight of the extracted R-22 must be recorded in
the system log book.

e The system should not be left under vacuum or filled
with air when idle. Fill with dry nitrogen to prevent the
penetration of humidity after removing the refrigerant
from the system.

Replace system components
The following system components must be replaced
or adjusted:

e Filter dryer, replace with HFC compatible

e Elastomer materials, e.g. in O-rings, solenoid valves,
shaft seals

e Expansion valves, nozzle sets

e Exchange of the refrigeration machine oil

Evacuation and leak test
¢ The system should be evacuated to a vacuum below

500 microns to remove any humidity from the system and
to ensure that no air or nitrogen or other non-condensable

can impact the system’s performance.

Guidelines for use of R-407H
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Introducing R-407H

R-407H is a zeotropic refrigerant mixture. The same
handling instructions apply to it that applies to R-407A
and HFO Blends. Follow all required and recommended

safety measures.

e R-407H must be filled into a system from the liquid
phase only. Care should be taken that while filling the
system no liquid is introduced into the compressor.

e As R-22 and R-407H have different densities, thus the
quantities to be used are also different. Depending on
the optimum filling level of a given system, and due to
temperature variations, the optimum filling weight for
R-407H may differ from +8% to -2% of the optimum
weight of R-22.

O For systems with a Liquid Receiver, first fill to 90%
max of the volume identified on the name plate as
liquid; then adjust.

O For systems without a liquid receiver, fill to 95% of
the R-22 quantity removed. Then, the remaining
guantity of R-407H should be added while the system
is being adjusted.

e The system must be allowed to reach a stable operating
condition after starting.

¢ Refrigerant should be added in the event of
excessive superheat at the evaporator (see vapor
pressure table). However, small quantities of liquid
R-407H should be introduced into the system at
a time until the system reaches the specified operating
parameters.

¢ Under no circumstances should the system be filled
until the sight glass shows no more bubbles, as this
may lead to overfilling. Overfilling must be avoided

Checking the oil return

e During the initial start-up phase the oil level at the
compressor must be checked. If the oil level falls below
the minimum (e.g. the lower level indicated at the
inspection glass, or below compressor manufacturer’s
specifications), add oil until the oil level reaches the
mark. Under no circumstances should more oil be filled
in before the oil return has stabilized.

Optimization of the operating status

e When the system has been filled with refrigerant and
has reached stable operating conditions sub cooling
to the evaporators should adjusted per the help of the
wet vapor table. The subcooling should be set from
the midpoint.

e Furthermore, all pressure controls, e.g. condenser
pressure or suction pressure controls, should be
adjusted to R-407H with the help of the wet
vapor table.

Labeling and documentation in accordance

with legal requirements

e The refrigerant used — R-407H - must be clearly
identified and the filling quantity must be specified in
the area near the service connections. Furthermore, the
refrigerating machine oil should always be identified.

o Will the system reach the required performance e After the system is evacuated, a vacuum pressure test must
requirements with R-407H? be carried out and documented (see conversion checklist).
A vacuum loss indicates a system leak; any leaks must be

repaired before filling the system with R-407H. ¢ When the system has been filled completely, the total
refrigerant quantity should be recorded in the logbook.

under all circumstances, as this has a negative impact
on performance.

¢ Does the system have any performance or
capacity reserves?
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Physical data

Global Warming Potential (GWP AR5)

Ozone Depletion Potential (ODP 1)

Boiling Point at 1atm (°F)

Critical Pressure (psia)

Liquid Density at 77°F (Ib/ft3)

Vapor Density at 77°F (Ib/ft?)

Components

0.055

-41.5

723.7

74.3

2.76

R-22

-46.2

540.9

65.2

4.1

R-125

R-134a
R-143a

-52.1

538.1

65.4

4.3

R-125
R-143a

Check list for system conversion with R-407H:
System condition before the conversion

Preparation before the conversion Comments
Overall system condition

D Is the refrigeration system in a reliable condition?
Could a system failure cause major damage to products

or to production processes?

Inspection of the system log
Is it the logbook for this system?
|:| Has the system received regular maintenance?
Has the system required frequent repairs?
Are there any signs indicating problems with leak tightness?

0il management

Flooded evaporator (yes/no)? Collector in suction gas stream?
D Compressor location? Liquid collector with oil return system?

Is the oil return system already critical before the conversion?

Inspect the elastomers and other materials used for
the construction of the system

|:| Are the seals/O-rings/shaft seals/membranes inside the
solenoid valves suitable for use with R-407H.
Solenoid Valves in particular often require gasket replacement.

Pressure / temperature measurements & performance
data

|:| Does the pressure/temperature match R-22 expected values?
Superheat?
Refrigerating Capacity and performance coefficient?

Assessment of the convertibility to R-407H
|:| Does the information in hand suggest that the system
is suitable for a conversion to R-407H?

D Allocation of the necessary retrofitting components
e.g. filters / seals / expansion valve and any other materials
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Check list for system conversions with R-407H:
System status during the conversion

Conversion operations

Pressure / temperature measurements

Identify the refrigerant used by comparing the measured
pressure- temperature values (e.g. at the condenser outlet)
with the wet vapor table

Removal of the refrigerant with suction

Note: use clearly labeled cylinders to store the reclaimed
refrigerant only.

Provide sufficient cylinder volume.

Replace any identified system components
Including the replacement of the refrigeration machine oil

Evacuation and leak test
End pressure after evacuation < 500 microns

Filling with R-407H
105%-108% of the reclaimed quantity of R-22
remaining quantity depends on the system condition

Optimization of the operating status
Adjust superheat, adjust the pressure control,
add POE oil if necessary to improve oil return

Labeling

Comments

Guidelines for use of R-407H
as a replacement for R-22 in commercial refrigeration.

Wet vapor table R-404A / R-507A / R-407H

R-22 R-507A R-404A
Bubble/Dew | Bubble/Dew Bubble Dew Average Bubble
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Temp (°F) (psig) (psig) (psig) (psig) (psig) (psig)
....... SRR SEE—
o e - By S
30 49 110 103 96
25 7.4 4 13.4 127
-20 102 176 16.8 16.0
15 132 214 205 197
....... R T R A I DS ...
........ It Rt et
s i e e B S RS
5 283 401 388 37.7
10 32.8 457 443 431
15 378 518 502 49.0
20 43.1 583 566 553
........ T RS P RO ...
........ O T S S 1 PR
........ e R T e
40 68.6 893 86.9 854
45 76.1 983 95.8 94.2
50 84.1 1080 1053 103.6
55 926 1183 1153 1136
........ R TSR - COME - CORERRL ...
........ TR 1 O P O
........ o 12 e s
75 1322 165.9 162.0 160.1
80 1436 1796 1754 1734
85 155.7 1941 189.5 1875
90 168.4 2093 2045 202.4
........ s SR B B T
....... Bt e S B S
....... e
e R
i
S T M Ot
R RN 1 R R A
....... O AR O
....... R O R S R
....... 1403374413040374017

1453590 4395 4296...........

150 381 7 467.5 456.8

R-407H

Dew
Pressure

(psig)

Average
Pressure

(S

"



'DA’K’N | Positively Innovative

Daikin America, Inc.

20 Olympic Drive
Orangeburg, NY 10962
845-365-9500, 800-365-9570

www.daikin-america.com

Daikin Industries, Ltd.

Umeda Center Building
2-4-12 Nakazaki-Nishi, Kita-ku
Osaka 530-8323 Japan

Tel: +81-6-6373-4345

www.daikin.com

Disclaimer

All statements and information provided herein are believed to be accurate and reliable, but are presented without guarantee, warranty or responsibility of any
kind, express or implied. Statements or suggestions concerning possible use of our products are made without representation or warranty that any such use is
free of patent infringement, and are not recommendations to infringe any patent. The user should not assume that all safety measures are indicated herein, or

that other measures may not be required. User assumes all liability for use of the information and results obtained.
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