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Shrieve Technology %

Technical capabilities

Shrieve

Two Global Laboratories Fi/ N &L=
— Houston & Shanghai

« 150+ years experience in oil field
and gas compression
W& A REHBEFMS N ES SR80
E—iCtEid 1505

* Focus on lubricant/gas interactions
REEEE B/ SAMEEEA
- Stability faEt
- Miscibility ;BiatE
- PVT ERN-BE-MEXR
- Materials Compatibilityff#lFRa 4%

- Research and Development fff&
- Unique ChemistriesIt4S43 454
- Additive Response N
- Performance Benefits N FMEEITS
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Potential Lower GWP (<750) Options to %
Replace HFC/HCFC Refrigerants

HHFC/HCFCRYRGWPHILFIRY %G
Ri34a  |R4O4A  [R410A  [R22  [Other

Shrieve

R600a * R290 * R32 *** R32 *** R1233zd ****
R290 * R455A ** R290 * R290 * R514A *****
R1234yf ** R454A ** R452B ** R444B ** R1336mzzz **
R1234ze(E) ** R744%***** R447B ** R454C **

R450A ** R454B **

R513A **

R744*****

* Hydrocarbon (A3) * The List Keeps Growing

**  HFO or HFO based (A1 to A2L) TE AR SRS

*¥**  HFC(AltoA2l) * Challenges Still Exist with Some Applications and
*¥***  Chloro/Fluoro Olefin (A1) Regions

**+x+ HEO/Chloro Olefin (A1) Xof T 52 7 R Bk X 3Bk SR AT AR A AE
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Common Refrigeration Lubricant Chemistries %
ERESIEN

Shrieve

Mineral Oils®)” AIkyI benzene
Y & PAOs S %S
HCFC Recommended Recommended
P HEH HEH
Not Only in special design
HFC Recommended special cases / considerations
P HFF FHIEH T #FEE IR i

N N A,
“ Y @ e

Not
Co, Rec;n\zjrg%ded ot Re;gg‘gnded 5 0/ 50 / 5 0/ 50
Not Under Under
RO EnE Recommended ngf ;\la;g development development Ag{_,;__’ g?
Blends T “TE TR FRA '
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HFO/HFC Blends — Lubricant Optimization %
HFO/HFCRS 2R — Bl

e Optimizing lubricant interaction to improve performance and potential cost
reductions.

DAL ik L3R B P B DA K AT BE 7 SR B A PG
* Base lubricant viscosity ranges 15 to 60 cSt

FERH AL B VS A 152160cSt
New Chemistries and Blends %5 M&Eiﬁ'{‘“
| 10% | 20% 10% | 20% 10% | 20% 10% | 20% 10%

Upper 45C  45C | 40c  4oc | 45c  4sc | 4sc  4oc | 35C
Lower <-60C <-60C | <-60c <-60C | -45c -45¢ | -50c -45C | 50c  -50C

Shrieve

Existing Chemistry Blends &GRS
F G H I J K L

| 20% 20% 20% 20% 20% 20%  20%
Upper >60C | >60C | >60c | >60c | >60c | >60C | >60C
Lower -25¢ | -20c | -20c | sc | 20c | 30c | oc
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Kinematic Viscosity, ¢St

R404A Replacement %
- R290 Example - Smaller Commercial

Shrieve
R404AEX — R29041 - ErIMNHA
|
Shrieve Zerol® 150T / Propane Shrieve PAG 32/R-290
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Temperature, °C

O 45°C/ 6 bar O 45°C/6 bar
v' 10% Dilution F %% v' 5% Dilution F5 %k
v’ 5cSt v’ 15 cSt

 Shrieve Zerol 150T lubricant offers L Shrieve PAG 32 lubricant offers lower
cost benefits dilution rate

¥ Zerol 150T T LMY LE 5y i 7PAG 32718 H PRSI 77 iR S
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R404A Replacement %
- R290 Example - Larger Commercial

RA04AE(X — R29046 - KEURSFE

70
Pressure Diff. at % Increase
90°C E 1 E

AB68 220 -
POE68 24.8 12.7
PE68 28.0 27.3;12.9

D
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N
o

e Higher Pressure translates to
less solubility of the refrigerant
into the lubricant
S v IR 0 R I T e
TR i P BEAIR

-io 210 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 ® LeSS SO|ubi|ity a||OWS for
Temperature, °C optimizing compressor design
and system operation.
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R134a Replacement Examples R134a&{{a1

R-1234ze(E) and R513A/R450A

R513A and R450A Comparison with Zerol HD46
at 5 bara Pressure

16

14

12

10

Viscosity, cSt

0 20 40 60 80 100 120

Temperature, °C

Dilution, % at 5 bara R450A R513A

40°C 211 15.1
60°C 11.6 8.7
80°C 7.2 5.7
100°C 4.9 4.0

Chemistry
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* R-1234ze(E) has high dilution
with lubricants including POE
R1234ze(E) X+ POE I I JH i

e Other lubricant chemistries can
offer lower dilution and can be
optimized for viscosity

L SR R AT B AR R
%, %C—Hjﬁ@@hﬁfh

* R450A can have greater dilution
than R513A and viscosity may
need to be adjusted
RAS0ALURSI3AM M REZE =, 1T
HE 7 22 XPRG BE#EAT IR AL
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R32 Work - Miscibility 1B;a81%
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R-32 Miscibility - New Lubricant Chemistry %
R-32tHiB1E - FhesiaiEiEil ..

I

- I

\ Immiscible I
I

Temperature, °C

---- -t NS

-40 Ao
'50 I I I T T I I I h’nmIQ(‘{hIP
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Fuebarticant Liquid Refrigerant Mass Fraction, g/g Lt 2
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R32 Work - PVT %

R-32 Lubricant R-327H& i
Dual Purpose Lubricant for R-32 and R-410A
[F] i 78 7 R-32A1R-410A

Refrigerant | Viscosity | UCST(20%

% cSt lubricant)
°C
R-410A/POE 39 12.5 18% 7.2 -25 n )
Low-side
R-32/New 41 13.0 15% 9.4 -25 _Compressors
INE & 4l
R-410/New 39 12.5 20% 8.7 -50 B
R-410A/POE 22% 3.0 -25
80 34.4 : T
R-410A/PVE 20% 3.3 -50 High-side
R-32/New 85 35 18% 3.2 -25 -E’L?ﬁpressof
ERSPANER
R-410/New 80 34.4 24% 3.0 -50 -
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Stability Challenges for HFOs & HFO blends
HFOX Hig SYIFRmEIaAYiSETEk ik

SGT — 14 days at 175°C; ~ 200 ppm Moisture; 1000 ppm Air

____ Very Severe Conditions___ |

R il «'JZ

Quantitative results

R1234yf * — ‘ —

1. i | ]
B N} 80
y ‘4 ;‘ ré : ‘«-'/ o\o 60 |
< 0 = 9 5 40
N N ©
it <t ™M < < 207
42 0 o 0 0
o v o _
= (24 i C O F Al Si Fe Cu
(2 4 (2 4
Major OEM oil Shri bOE TAN
Millions of compressors rieve . .
TEOEMAN, JLET & RS 542 POE Differences mgKOH/gOil
Effect of Air, Moisture and Additive Chemistry needs to Example 1 5.0
be evaluated with some HFO based refrigerants. 7% ZF Example 2 3.1

MR, Ko BLRES NI 2T HFOR Il 77 K R 1 Srola 2 0.8
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Interactions - Volume Resistivity {$fREHZE %

Shrieve

« Evaluation of electrical properties is usually performed on just the lubricant.
R R aCIE & R BTN SV I

« The refrigerant can have lower volumetric resistivity and can dictate the
electrical property interaction with the compressor motor.

il 7R B R B 2R ] B FEAIG, AT 5 36 s AL Sk B HL 28 MR R 520

Resistivity of Lubricant Oil and Refrigerant
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Matsumto, T. Development of PVE Refrigeration Lubricants for
R32. International Refrigeration and Air Conditioning e 01 02 03 04 05 06 07 08 09 1
Conference 2014. Paper 1556. Refrigerant Concentration, g/g
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Conclusion % 18 %

Shrieve

L Lower GWP refrigerants will be the next generation of refrigerant options.

(ReWPHIRILFI SR TS IRIEE

O Which lower GWP Refrigerant is still in question.

B{RRAR—FMEGWPHI ST AT EES

O New refrigerant options brings opportunity for new investigations of
properties.

HTRYH S NS HR T #FHAR S

O Some new refrigerant could present some stability challenges.

B LRSI SR ERTRISE D EAIPE

O Shrieve is evaluating current lubricants and new lubricant options.

HoF N EIE S — &S R R &L 23RS
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The Shrieve Group Questions %

Contact us

Shrieve

For general enquiries about our businesses please contact info@shrieve.com and visit www.shrieve.com

For further information on our Specialty Products & Oilfield Chemicals please contact your primary
regional office:

North America HQ EMEA Head Office Asia Pacific
Houston, Texas Kent, England Shanghai, China
Toll Free (800) 367 4226 Tel +44 (0)1732 520600 Tel +82 21 63598216

Tel (281) 367 4226

South America EMEA OFC South Asia
Sao Paulo, Brazil Aberdeen, Scotland Jodhpur, India
Tel +55.19.3578.1177 Tel +44 (0)1224 332340 Tel +91 80 94007270

Tel +91 80 94007272

Shrieve Technology Team Contacts Region
Joe Karnaz jkarnaz@shrieve.com Global
Dr. Chris Seeton cseeton@shrieve.com Global
Dr. Liz Dixon Idixon@shrieve.com Europe

Dr. Jun Liu jliu@shrieve.com Asia
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