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Understanding Refrigeration Lubricant §4]

Shrieve

N

Design around the Refrigerant

| RIS R R4 7 B

Design around the Compressor

| BRI B R RO AE LB

v Type of Compressor E4g#12E! v Type of Refrigerant #5452

v Type of Bearing EEHEE|2H! N v Pressure Conditions J£77

v Bearing Material EE#ERI# 1} = : v" Solubility in the Lubricant 7E;lRIAREE
v Qil Distribution to Bearing EE# gl {iH = v Miscibility with the Lubricant J&i&%

v" Temperature and Pressure ;REFE 1] v Stability f2aZE M

v Bearing Tolerances FEE{EEIEL & 8] _ j v Working Viscosity T4

v Inner Conditions HER& 4 Il v Compatibility #1451 5@/ M0 kS 4

v Stability faE M v System Thermodynamics &% HEF

v Efficiency #% v Efficiency 3FE
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Understanding Refrigeration Lubricant $)$ N FERBR AR 2
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Most Important Testing for Refrigeration Lubricant Development

> Dynamic PVT testing (Daniel Charts) si7SPVTHli SESSSRRNS e
e -60~150 °C, 175 bar, electric resistivity 7EZ&H A% S L8 B N ;\wa
8 1 E 15
L N e 2o : 2R L
> Miscibility Studies a4 % o T SRES It SF
» Lubricant/refrigerant critical solution temperature 20 m=s S22z
N5 VT SRR ) 4 7R B I SR v R o - (&
» Evaluate oil return and potential system heat transfer losses o LR D
PR s g AL m] e R0 AT BB 1) 28 G e A 2k f——
» Material Compatibility ##}5&&% - ASHRAE 97 : - '
o Glass tube or metal vessel BB E = ESE . T
* Bench study lubricant and refrigerant stability N
D Ty A o A TR RS E M " T
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Refrigeration Lubricant Chemistry 2
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Mineral Oil - 7N

- Naphthenic and Paraffinic Based o MRBRRR A I

- Potential Applications; HC, HCFC, NH; - " PLAHT: HC, HCFC, NH,
- Less cost but also less stability - BEEMERENE
Alkylbenzene - ySjie 3

- Linear and Branched Formulations o« HBELLKSBE

- Potential Applications; HC, HCFC, NH; - A PLHT: HC, HCFC, NH;

- Provides added stability over mineral oils o PO Wi AR e 14 B i
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Refrigeration Lubricant Chemistry 2
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Polyol Ester - POE - £ uiEfs

- Reaction of various polyfunctional alcohols and -+ ZJCEEARER KN =)
carboxylic acids - APLHF: HC, HFC, HFO, CO,

- Potential Applications; HC, HFC, HFO, CO, o TREM R, (H/KERE M £

« Good miscibility but poor hydrolytic stability

Polyalkylene Gylcol - PAG - Xt
- EO/PO based with various initiators and - FTEO/PO, ANEMIEUGTFE] i
capping - AUHT: HC, HFC, HFO, CO,, NH;

- Potential Applications; HC, HFC, HFO, CO,, NH; - RIFHfaEtmiEsE 2 rett
« Good stability and versatility
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New Lubricant Technology for R-32 0{ %
ATR320FE & mEE
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» Taking advantage of Shrieve’s knowledge » Development of new chemistry focused on

and understanding of refrigeration lubricant-refrigerant interaction

lubricant properties. parameters.

7t 57 F 3 X0 TR TR M R AR AR S IR AR FELEE MR & REEIRE R/ FILFIMEEE
» Understanding the interaction of R-32 with AEAE

refrigeration lubricants and potential » Make backwards compatible with R-410A

issues. refrigerant.

77 THRR-325i R M E{ER B ERIE) [EIRTE [ EEEHEATRA410AR S
o Poor miscibility when compared to R-

410A/Lubricant

5R410AMEL, R32FHAVEAME
o Reduction in working viscosity to

bearings

TEaESSEUER ME TIEREFFR
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New Lubricant Technology for R-32 0{ %
ATR320FE & mEE

Comparison to R-410A/ISO 32 POE to R-32/1ISO 32 POE % R410AFIR32
(Evaluating a typical condition for Scroll Compressor Operation BLEIAY;REEEZENL TR T ARBIHIAT/EHEH)

Shrieve

R-410A/POE 5 18%

Refrigerant Viscosity K UCST(20% lubricant)
Bar )4 71 % cSt °C
7.2 @ 25 @

R-32/POE 41 13.0 13% 6.8 @ 10 @
(F*Fgfé'”snagtzeg?'z 41 13.0 14% 5.8 @ -15 @
(Régfélrrsna:feg?lz ® a1 13.0 15% 9.1 @ 15 @
» POE is not always the best choice for R32 refrigerant fTR32, POEA &I HIE#E
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New Lubricant Technology for R-32 0{ %
ATR320FE & mEE

Other Considerations H'Ei%#F
Dual Purpose Lubricant for R-32 and R-410A [FJi}i&EH FR-32F1R-410AHPAGIEH

Shrieve

--- Refrigerant UCST(20% lubricant)
7 % cSt °C

R-410A/POE 5 18% 7.2 @ -25 @
R-32/New(#7) 41 13.0 15% 9.4 @ -25 @
R-410/New(#7) 39 12.5 20% 8.7 @ -50 @

» This chemistry can also be used for rotary compressor operations typically using ISO 68 lubricants.
2 e e [ P o 08 8 PR JE D 68 # e 1 IR 4 Al

» Typical ISO 68 rotary lubricants are challenged with maintaining adequate miscibility with R-32. New
Synthetic Technology for R-32 will maintain miscibility since structure does not vary when going to
higher viscosities.

SR O68# 5 T SRR AL SRR3R IR, R 285 7T LA 5 BT AR b
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Lubricants for Hydrocarbon Refrigerants R290 -4 %
& TR SH 72 77 B8 i - e

Shrieve Zerol® 150T / Propane

500
30 T~ ~ [0  Compressor oil sumps may contain up to
ESS ~ == 15% dissolved hydrocarbon in the
22 — Jq‘“xk ui T < lubricant.
~ o S e . . Cn ot s
RUT ] - B A RS FI B B35 15%
e —— - ~
; N P e~ 0 45°C & 6 bar
e = = = : : A A B
= ] AN v 10% Dilution )44 210%
A % ™ N
g N g‘\.\\ _ .\; 0% neat lub v 5 CSt
o 2 BT e . .
< < \\.;\.\ Z/ 5% Propane 1 Alkylbenzene Lubricants can be optimized
é T 18| ¥ekd - . with starting base oil viscosity to provide
2 =Y 10% Propane .
1 operation envelope H—ESEd Pl performance benefits.
SR OBNL SN te R 2R B i AT LU B Al R R B A I
075 o o M
| o | | B ~ LB R EMERE
I~ 'g N 20% Propane
= | TN
05 \\33% FPropgne
-20 -10 ] 1 20 a0 40 50 60 70 80 ao 100 110 1200 130

Temperature, °C
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Lubricants for Hydrocarbon Refrigerants R290 4 %
1& A T RS2 7RI o e

Zerol® ESTER 32 / Propane

500
el 0 Compressor oil sumps may contain up to
-
100 b e, I 10% dissolved hydrocarbon in the
50 e o g 2 e e lubricant.
30 = - .h‘n:.- = ~ ~ N \ v | = —a
2 | L | ALt A R4 & BEIK10%
ol | T e
_ 10 [E X i e \*m\%‘ﬁ,x 0 45°C & 6 bar
W - =g - e b o e e el | e g [T LLLTY Ty B T W S AT L
G 7 - TR B e o e e . . A = —_
Z S IE SR R v" 7% Dilution #I2FI&E27%
8 . e \\":_ S Uy oy i HR ahs
@ : : SRR 0%
= \g\ [~ . / Hﬂ‘w Rf*‘ﬁ&%im neat lub v 8 CSt
% 3 & \E\\ . £ B N _x,,:\h:“ o ::E 2.5% Propane
5, IHEIRRN ?(‘\_\;; [ 5 O 0 POE lubricants start to provide some
< b |8 :\\g AN T L dilution reduction and increase in working
operation envelope AN E \\“x [ ~d10% Propane VISCOSIty.
2 | § [& - N I9 N nn
R ~ POERREM R AR/, TIERERE M
1 S =~ N
H““ R\2O% Propane
075 x‘”\ 300 Hropane

-20 -10 0 10 20 30 40 50 60 70 80 90 100 110 120 130
Temperature, °C
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Lubricants for Hydrocarbon Refrigerants R200 4 %
& TR SH 72 77 B8 i o
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Shrieve Zerol® PAG 32 _ _
1 Compressor oil sumps may contain up to

Tzz I~ \\.\.‘a,:\ ™ ~5% dissolved hydrocarbon in the
s =3 ESRERS s lubricant.
o TS LS TSR FE4RHL et A RO ) BARA 5 %
g E ‘:\ﬁ\‘i T-_I-__,;iﬂﬁk%gfig’j%g:;\\ 0 45°C & 6 bar
o 10 E= i = ,,.%Kf \1“*%& = v 5% Dilution #I:4FI&E5%
- 7 A BT s NS
g 5 213 E\ T1F \, =t~ “:':fgi“izf::h%0%"““”" v 15 ¢St
‘>§ / : E\\Tﬁ\ - \ . ani ii’:‘ 2 6%Propane [0  PAG lubricant lower dilution rate can be a
g 3 y o s }f’ e :j_‘j: 5% Propane benefit to regulated charge limitations.
£ - E \\\ “\\ ., Lubricant base chemistry and viscosity
2 operation envelope N g Sy 10%FPropane can be optimized for best performance.
AL R2907EPAGIHB P HIAREER, AT
"™ 20%Propane FIRX—HFMRELIERIE. EMiEE
SRS FNRE B AT LUH — S LUK R

(=1 (o ] NS
1 = EMRE
-40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110 120 130
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Lubricants for Hydrocarbon Refrigerants R-600a »i %
is A TR S04 T B8
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Zerol RL5S [ R-600a

JERN 1 Global Appliance Market is predominately using R-
NSNS 600a refrigerant.
: : SRR D FHRAZR-600aE5
o ENN Q‘*Q; - Mineral Oils are sometimes the typical choice of
5& . “Ea;:' B "* “:»“‘ i lubricant for these applications, but as demand for
£ L LAE g“‘:x‘;:‘-\“k 1 “n“fi"‘x 1 lower viscosities is being requested for improvements
E s T 5 I,,.\.\::f:;;E%“ in energy e.ff|C|ency, flash point and high dilution of the
' T PR TR . refrigerant in the oil becomes a challenge.
o T TR T T e Bk 2 — LR AOIRTB IR, 1B RHEE RS IR
F L 125, SRR ER MR, ARSI
R g FTARRRE LA A E IS Bl
) e » 1 Alkylbenzenes based on linear alkylate (LAB)
) 7 A = o e technology have become an alternate source to
. A — ‘ : I provide better system performance.
TS v > | - B E R R RGBSR ML M E A e
§- " // ,/‘f/ m E’ 1 Shrieve has LAB products ranging from 10 cSt to 2 cSt
. A AT “ to meet various demands for optimized performance
: = = e and energy efficiency advances.
= — B F AR M 10cStRI2cSCEBIMIRAE EHEE, 1

S S18L 5 TG SIS gL g EE SR
Temperature, °C +—— Viscosity ——— i BN ] RE AL M BERYFE K
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Lubricants for HFO and Other Refrigerants

i&FHFHFO R H E# saviE A

R-1234yf f1R-1234zeE HFO 2% ZAT&{XR134a.

» {BEHFH “5SAI#MM” , HFMR134aiR &Y ERMA{ER134a
B “ANE” BREREEGWP

> Hp@ENESWER-450A (GWP=600) #1 R-513A
(GWP=630)

R513A and R450A Comparison with Zerol HD46
at 5 bara Pressure

16
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Viscosity, cSt
."-,.
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Temperature, °C
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» R-1234yf and R-1234zeE HFO refrigerants are being

evaluated as replacements for refrigerants like R-134a.

But since these refrigerants have mild flammability
blends of these refrigerants with R-134a are being
investigated as lower GWP non-flammable options

Two particular options are R-450A (GWP=600) and R-
513A (GWP=630)

Viscosity reduction of R450A over R513A is most likely due to
the fact that R450A uses R1234zeE which has more dilution
potential then R513A which uses R1234yf. Both products are
blended with similar amounts of R134a.

R450AEER513AME R EEREEE IR45AZFR1234z¢€E,
HIRMRELER1234yfeF, EmIEB MR ESINER, SE
FEFEAEK
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Lubricants for HFO and Other Refrigerants %
i& A THFO R HE Rl 7IaiEEH

v" The HVAC&R market in regards to refrigerants is in transition v HBTIMREEEZER, HVACKRITI IEESE
due to environmental concerns, various regulations and [RH2 7RI #K

demand for improvements in energy efficiency. /BT O A N EE R L
v Shrieve has worked to develop lubricant options to meet the JEEHRE R

requirements of other alternative refrigerants and certain

challenges associated with these refrigerants.

Shrieve

B * SH AGA
< Various R-404A substitutes: HFO Blends and various R407 ’ g;ﬂR sgé?nﬂﬁﬂ ijEF%”‘ 'E'ﬁ’%s%uﬁdfw
Series — POE lubricants and PAG lubricants for higher ’ =) =im
discharge temperatures. < CO, - FIPAGHE MR E EFEa0EB

A BE M lim BYH102 57 X E g m s 1 ™ ERY o)
< Carbon Dioxide - Addressing concerns of high refrigerant P BE B R R TSR e A 7 RO °]

dilution in certain lubricant chemistries with PAG lubricants < NH; - EXRFEhEEESREN, L

< Ammonia - Products designed for higher stability, less glﬁﬁﬁmi‘ﬁiﬁﬁliﬁ%iﬁﬁﬁ}“%ﬁﬁﬁ

lubricant carryover and lower pour point temperatures, AB 5ot Zok
lubricants. More miscible products designed for direct ' s
expansion applications, PAG lubricants.
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Summary & %

v Specific equipment and test capabilities are
essential for routine and advanced studies of
lubricant and refrigerant interaction
properties.

v" R-32 refrigerant presents certain challenges
when it comes to identifying an optimal
lubricant.

v" Shrieve has designed lubricant products to
be used with R-32 in multiple compressor
and system designs.

v" Hydrocarbon refrigerants can be better
served with various synthetic lubricant
options.

v Shrieve is developing lubricants for all
refrigerant options.
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v FEERBY NI B X LR I R — B RN
F S KR EEEER 22 ARy

v R32%: 51 4Gk 3R AR ME R T — L Hkix
v InFe AR ERATESMEENRREHIRI2IEREH
v BEGHBHEES THRIHS T

v IRFIEEAMBIHEIRFTIF A EE MR =
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