Solstice® yf (R-1234yf)

TECHNICAL DATA SHEET

Solstice yf is an ultra low global warming potential (GWP) replacement for R134a in
the automobile air-conditioning application. Because of its desirable environmental
properties. Solstice® yf provides efficient and effective cooling and heating for
conventional air conditioning systems as well as newer hybrid or electric-vehicle

heat pump systems for heavy-duty applications.

PROPERTIES

Upper Flammability Limit [Vol. % in air]
(21°C, ASTM E681-01)

Lower Flammabilit y Limit [Vol. % in air]
(21°C, ASTM E681-01)

Minimum Ignition Energy [mJ at 20 sC and 1 atm]
(In-house method. Tests conducted in 12 liter flask

to minimize wall quenching effects)

Autoignition Temperature [°C]
(EC Physico/Chemical Test Al5, Measured
by Chilworth Technology, UK)

Heat of Combustion [MJ/kg] per ASHRAE
Standard 34 (Stoichiometric composition
7.73% in air)

Fundamental burning velocit y [cm/s]
(per ISO 817, Measured by AIST, Japan)

Minimum Ignition Current
(per IEC 79-3, 3rd ed., 1990;
measured by UL)

Minimum Ignition Current Ratio (per IEC
79-3, 3rd ed., 1990; measured by UL)

Chemical Name
Molecular Formula
Molecular Weight

% Volatiles by Volume
Water Solubility

(in Solstice yf, ppm by mass)

Footnote/Endnote Venimi, utat dendant maximpernam

12.3
6.2

5000-10000
405

1.8

1.5

No ignition*

>

2,3,3,3-Tetrafluoroprop-1-ene
CH2CFCF3
14

100
200

¢ Solstice



ENGLISH UNITS

Boiling Point (°F) @ latm
Freezing Point (°F)

Critical Temperature (°F)

Critical Pressure (psia)

Critical Density (Ib/ft3)

Vapor Density @ 20°C, 1 atm (Ib/ft3)
Liquid Density (Ib/ft3)

Liquid Heat Capacity (Btu/lb °F)
Vapor Heat Capacity @ constant

pressure, latm (Btu/Ib °F)
Heat of Vaporization at 1 atm (Btu/lb)

Vapor Pressure at 77°F (psia)

Liquid Thermal Conductivity
(Btu/hr-ft °F)
Vapor Thermal Conductivity (Btu/hrt °F)

Liquid Viscosity (Ib/ft-hr)
Vapor Viscosity (Ib/ft-hr)

-21

Not available

202.5

490.6

297

0.303

68.2

0.33

0.22

7753

99
0.0368

0.008

0.38
0.03

STANDARD INTERNATIONAL UNITS

Boiling Point [°C] @ 1.01 bar

Freezing Point[°C] @1.01 bar

Critical Temperature [°C]

Critical Pressure[bar]

Critical Density [kg/m3

Vapor Density @ 20°C, 1 atm [kg/m3]
Liquid Density [kg/m3]

Liquid Heat Capacity [kJ/kg K]
Vapor Heat Capacity @ constant

pressure, 1.01 bar [kJ/kg K]
Heat of Vaporization at 1 atm [kJ/kg]

Heat of Vaporization at 1 atm [kJ/kg]

Liquid Thermal Conductivity [mwW/m-K]

Vapor Thermal Conductivity [mwW/mK]

Liquid Viscosity [uPa-s]
Vapor Viscosity [uPa-s]

=285

Not available

94.7

33.8

475.6

4.79

1091.9

1.39

0.91

180.25
6.83
63.59

13.97

1556.5
12.3

Flame Limits measured at ambient temperature and
pressure using ASTM E681-85 with electrically heated
match ignition, spark ignition and fused wire ignition;
ambient air. All measurements at 77°F (25 °C) unless
otherwise noted.

Solstice® yf (R-1234yf)
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Reference State: h = 200 ku/ka, s = 1.00 ku/kg-K: sat. liq. at 0°C



Thermodynamic & Transport Data
— Sl Units (reference state: IIR)

Temperature °C Pressure Density Density Enthalpy Enthalpy Entropy Entropy cp cp cv cv
Ibm/ft3 Ibm/ft3 Btu/lbm Btu/Ibm Btu/lbm Btu/lbm Btu/lbm Btu/Ibm Btu/lbm  Btu/lom  Btu/lbm
(Liquid) (vapor) (Liquid) (vapor) (Liquid) (vapor) (Liquid) (vapor) (Liquid) (vapor)

-40 9.0 80.65 0.2369 0.00 79.81 0.0000 0.1902 0.28 0.19 0.19 0.17
-35 10.3 80.18 0.2683 1.39 80.61 0.0033 01898 0.28 0.19 0.19 0.7
-30 1.8 79.71 0.3029 2.79 81.42 0.0066 0.1896  0.28 0.19 0.19 0.17
-25 13.3 79.23 0.3410 4.20 82.23 0.0098 01893 0.28 0.19 0.19 0.7
-20 15.1 78.75 0.3827 5.62 83.03 0.0131 0.1891 0.28 0.19 0.19 0.17
-15 17.0 78.26 0.4283 7.05 83.84 0.0163 01890 0.29 0.20 0.19 0.7
-10 191 7777 0.4781 8.50 84.64 0.0195 0.1888 0.29 0.20 0.20 0.18
-5 21.4 77.28 0.56323 9.95 85.44 0.0227 0.1887 0.29 0.20 0.20 0.18
0 23.9 76.78 0.5913 11.41 86.24 0.0259 0.1887  0.29 0.20 0.20 0.18
5 26.6 76.27 0.6552 12.89 87.04 0.0291 0.1887 0.30 0.21 0.20 0.18
10 29.6 75.76 0.7245 14.37 87.84 0.0322 0.1887  0.30 0.21 0.20 0.18
15 32.8 75.24 0.7995 15.87 88.63 0.0354 0.1887  0.30 0.21 0.20 0.19
20 &6 74.72 0.8805 17.38 89.42 0.0385 0.1887  0.30 0.21 0.20 0.19
25 40.1 74.19 0.9679 18.90 90.21 0.0417 0.1888 0.30 0.22 0.21 0.19
30 441 73.65 1.0620 20.43 90.99 0.0448 0.1889  0.31 0.22 0.21 0.19
35 48.5 731 11633 21.98 91.77 0.0479 0.1890 0.31 0.22 0.21 0.19
40 53.1 72.55 1.2723 23.54 92.54 0.0510 0.1891 0.31 0.23 0.21 0.19
45 58.1 71.99 1.3893 2511 93.30 0.0541 0.1892 0.31 0.23 0.21 0.20
50 63.5 71.42 1.5150 26.69 94.06 0.0572 0.1894 0.32 0.23 0.21 0.20
55 69.2 70.84 1.6498 28.28 94.81 0.0603 0.1896  0.32 0.24 0.21 0.20
60 7138 70.25 1.7943 29.89 95.55 0.0634 0.1897 0.32 0.24 0.21 0.20
65 81.7 69.65 1.9492 31.51 96.29 0.0664 0.1899 0.33 0.24 0.22 0.20
70 88.6 69.04 2.1152 SeL 97.01 0.0695 0.1901 0.33 0.25 0.22 0.21
75 95.9 68.42 2.2930 34.80 97.72 0.0726 0.1903 0.33 0.25 0.22 0.21
80 103.7 67.78 2.4834 36.46 98.42 0.0756 0.1904 0.33 0.25 0.22 0.21
85 1.9 6714 2.6874 38.14 99.1 0.0787 0.1906 0.34 0.26 0.22 0.21
90 120.6 66.47 2.9060 39.84 99.78 0.0817 0.1908 0.34 0.26 0.22 0.21
95 129.8 65.80 3.1402 41.55 100.44 0.0848 0.1910 0.34 0.27 0.22 0.22
100 139.6 65.10 3.3914 43.28 101.07 0.0878 0.191 0.35 0.27 0.22 0.22
105 149.8 64.39 3.6608 45.02 101.70 0.0909 0.1913 0.35 0.28 0.22 0.22
10 160.6 63.67 3.9502 46.78 102.30 0.0940 0.1914 0.36 0.29 0.23 0.22
15 172.0 62.92 4.2613 48.57 102.87 0.0970 0.1915 0.36 0.29 0.23 0.23
120 183.9 62.14 4.5962 50.37 103.43 0.1001 0.1916 0.37 0.30 0.23 0.23
125 196.5 61.35 4.9572 52.20 103.96 0.1032 0.1917 0.37 0.31 0.23 0.23
130 209.7 60.52 5.3471 54.05 104.45 0.1062 0.1917 0.38 0.32 0.23 0.23
135 223.6 59.66 5.7692 55.94 104.92 0.1093 0.1917 0.39 0.33 0.23 0.24
140 238L.1 58.77 6.2274 57.85 105.34 0.1125 0.1917 0.40 0.34 0.23 0.24
145 253.4 57.83 6.7265 59.79 105.73 0.1156 0.1916 0.41 0.36 0.23 0.24
150 269.4 56.84 7.2722 61.77 106.06 0.1188 0.1914 0.42 0.38 0.23 0.24
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Thermodynamic & Transport Data
— Sl Units (reference state: IIR)

Temperature °C Speed of Sound Thermal Conductivity Viscosity Surface Tension
m/s m/s mW/meK mW/meK yPas yPars mN/m
Liquid \elelelg Liquid Vapor Liquid \elelelg Liquid
-40 62.4 735.9 1337 85.5 8.5 3585 95 15.2
-38 68.7 726.7 134.0 84.8 8.7 3478 9.6 14.8
556 Y515 717.5 134.2 84.1] 8.8 3376 9.7 14.5
-34 82.8 708.4 1344 83.3 9.0 3279 98 14.2
=62 90.6 699.4 1347 82.6 9.1 3185 9.9 13.9
-30 99.1 690.4 134.9 81.9 9.3 309.6 99 13.6
-28 108.1 6814 135.0 81.2 9.4 301.0 10.0 1858
-26 117.8 6725 135.2 80.5 9.6 292.8 101 13.0
-24 128.1 663.6 1354 79.8 9.7 2849 10.2 12.7
-22 139.2 654.8 1355 79.1 9.9 2773 10.3 12.5
-20 150.9 646.0 135.6 78.4 10.0 269.9 10.3 12.2
-18 163.4 6372 1357 777 10.2 2629 104 1.9
-16 176.8 6285 1357 77.0 10.3 256.1 10.5 1.6
-14 190.9 619.7 135.8 76.3 10.5 249.6 10.6 1.3
-12 205.9 611.0 135.8 75.6 10.7 243.2 10.7 1.0
-10 221.8 602.4 135.8 74.9 10.8 2371  10.7 10.7
-8 238.6 5937 135.8 74.3 1.0 2312 10.8 10.5
-6 256.4 585.1 135.7 73.6 1.2 2255 10.9 10.2
-4 275.1 576.4 135.6 72.9 1.3 220.0 1.0 9.9
-2 295.0 567.8 1355 72.3 1.5 2146 111 9.6
0 315.8 559.2 1354 71.6 1.7 209.4 1.2 9.4
2 337.8 550.6 135.2 70.9 1.8 204.4 1.2 9.
4 360.9 542.0 1351 70.3 12.0 1995 1.3 8.8
6 3856.2 5334 1348 69.6 12.2 1947 1.4 8.6
8 410.8 524.8 134.6 69.0 12.4 190.1 1.5 8.3
10 4375 516.2 134.3 68.3 12.5 185.6 1.6 8.0
12 465.6 507.5 1341 67.7 12.7 181.3 1.7 7.8
14 495.0 498.9 1337 67.1 12.9 1770 1.8 7.5
16 525.8 490.3 1334 66.4 131 1729 1.9 78
18 558.0 481.6  133.0 65.8 13.3 168.8 1.9 7.0
20 591.7 4729 1326 65.2 13.5 164.9 12.0 6.8
22 626.9 464.2 1321 64.5 13.7 161.1 121 6.5
24 663.6 4555 131.7 63.9 13.9 157.3  12.2 6.3
26 701.9 446.8 1311 63.3 14.1 1536 123 6.0
28 741.9 4381 130.6 62.7 14.3 150.0 124 5.8
30 783.5 429.3 130.0 62.0 14.5 1465 12.6 5.6
& 826.9 4205 1294 61.4 14.7 1431 127 5.5
34 872.0 a.7 128.8 60.8 14.9 139.7 12.8 5.1
36 918.9 4029 1281 60.2 15.1 136.4 12.9 4.9
38 967.7 394.1 127.3 59.6 15.4 133.2 13.0 4.6
40 1018.4 38562 126.6 59.0 15.6 130.0 13.2 4.4
42 10711 376.4 1257 58.4 15.8 1269 13.3 4.2
44 1125.7 3674 1249 57.8 16.1 123.8 134 4.0
46 1182.5 3585 1240 57.2 16.3 120.8 13.6 3.8
48 1241.3 3494 1231 56.6 16.6 117.8 13.7 3.6
50 1302.3 340.3 1221 56.1 16.9 149 13.9 3.4
52 1365.6 3311 121.0 55,5 17.2 112.0 14.0 &2
54 1431.1 321.8 120.0 54.9 17.5 1091 14.2 3.0
56 1498.9 81246 118.8 54.4 17.8 106.3 144 2.8
58 1569.2 3026 176 53.8 18.1 1035 14.6 2.6
60 1641.9 2927 164 51618 18.5 100.8 14.8 2.4
62 1717.1 282.6 1151 52.8 18.9 98.0 15.0 2.2
64 1794.9 2723  N37 5723 19.3 s 158 2.0
66 1875.4 261.8 12.3 51.8 19.7 925 15.5 1.8
68 1958.6 251.0 110.8 51.3 20.2 898 158 1.7
70 20445 240.0 1093 50.9 20.8 871 16.1 1.5
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Thermodynamic and Transport Data
- English Units (reference state: ASHRAE)

Temperature °C Pressure Density Density Enthalpy Enthalpy Entropy Entropy cv
kPa kg/m3 kg/m3 kJ/kg kJ/kg kJ/kg-K kJ/kg-K kJ/kgeK
Liquid Vapor Liquid Vapor Liquid Vapor Liquid

-40 9.0 80.65 0.2369 0.00 79.81 0.0000 0.1902 0.28 0.19 0.19 0.17
-35 10.3 80.18 0.2683 1.39 80.61 0.0033 0.1898 0.28 0.19 0.19 0.17
-30 1.8 79.71 0.3029 279 81.42 0.0066 0.1896  0.28 0.19 0.19 0.17
-25 13.3 79.23 0.3410 4.20 82.23 0.0098 0.1893 0.28 0.19 0.19 0.17
-20 15.1 78.75 0.3827 5.62 83.03 0.0131 0.1891 0.28 0.19 0.19 0.17
-15 17.0 78.26 0.4283 7.05 83.84 0.0163 0.1890 0.29 0.20 0.19 0.17
-10 19.1 7777 0.4781 8.50 84.64 0.0195 0.1888 0.29 0.20 0.20 0.18
-5 214 77.28 0.5323 9.95 85.44 0.0227 0.1887 0.29 0.20 0.20 0.18
0 23.9 76.78 0.5913 .41 86.24 0.0259 0.1887 0.29 0.20 0.20 0.18
5 26.6 76.27 0.6552 12.89 87.04 0.0291 0.1887 0.30 0.21 0.20 0.18
10 29.6 75.76 0.7245 14.37 87.84 0.0322 0.1887 0.30 0.21 0.20 0.18
15 32.8 75.24 0.7995 15.87 88.63 0.0354 0.1887 0.30 0.21 0.20 0.19
20 36.3 74.72 0.8805 17.38 89.42 0.0385 0.1887 0.30 0.21 0.20 0.19
25 40.1 74.19 0.9679 18.90 90.21 0.0417 0.1888 0.30 0.22 0.21 0.19
30 44 73.65 1.0620 20.43 90.99 0.0448 0.1889 0.31 0.22 0.21 0.19
35 48.5 73.11 11633 21.98 91.77 0.0479 0.1890 0.31 0.22 0.21 0.19
40 531 72.55 1.2723 23.54 92.54 0.0510 0.1891 0.31 0.23 0.21 0.19
45 58.1 71.99 1.3893 251 93.30 0.0541 0.1892 0.3 0.23 0.21 0.20
50 63.5 71.42 1.5150 26.69 94.06 0.0572 0.1894 0.32 0.23 0.21 0.20
55 69.2 70.84 1.6498 28.28 94.81 0.0603 0.1896  0.32 0.24 0.21 0.20
60 75.3 70.25 1.7943 29.89 95.55 0.0634 0.1897 0.32 0.24 0.21 0.20
65 81.7 69.65 1.9492 31.51 96.29 0.0664 0.1899 0.33 0.24 0.22 0.20
70 88.6 69.04 21152 33.15 97.01 0.0695 0.1901 0.33 0.25 0.22 0.21
75 95.9 68.42 2.2930 34.80 97.72 0.0726 0.1903 0.33 0.25 0.22 0.21
80 103.7 67.78 2.4834 36.46 98.42 0.0756 0.1904 0.33 0.25 0.22 0.21
85 1.9 6714 2.6874 38.14 99.11 0.0787 0.1906 0.34 0.26 0.22 0.21
90 120.6 66.47 2.9060 39.84 99.78 0.0817 0.1908 0.34 0.26 0.22 0.21
95 129.8 65.80 3.1402 41.55 100.44 0.0848 0.1910 0.34 0.27 0.22 0.22
100 139.6 65.10 3.3914 43.28 101.07 0.0878 o.191 0.35 0.27 0.22 0.22
105 149.8 64.39 3.6608 45.02 101.70 0.0909 0.1913 0.35 0.28 0.22 0.22
110 160.6 63.67 3.9502 46.78 102.30 0.0940 0.1914 0.36 0.29 0.23 0.22
115 172.0 62.92 4.2613 48.57 102.87 0.0970 0.1915 0.36 0.29 0.23 0.23
120 183.9 6214 4.5962 50.37 103.43 0.1001 0.1916 0.37 0.30 0.23 0.23
125 196.5 61.35 4.9572 52.20 103.96 0.1032 0.1917 0.37 0.31 0.23 0.23
130 209.7 60.52 5.3471 54.05 104.45 0.1062 0.1917 0.38 0.32 0.23 0.23
135 223.6 59.66 5.7692 55.94 104.92 0.1093 0.1917 0.39 0.33 0.23 0.24
140 23811 58.77 6.2274 57.85 105.34 0.1125 0.1917 0.40 0.34 0.23 0.24
145 253.4 57.83 6.7265 59.79 105.73 0.1156 0.1916 0.41 0.36 0.23 0.24
150 269.4 56.84 7.2722 61.77 106.06 0.1188 0.1914 0.42 0.38 0.23 0.24

TECHNIICAL DATA SHEET | solstice.com | 5



Thermodynamic and Transport Data
- English Units (reference state: ASHRAE)

Temperature °C Pressure Speed of Sound Thermal Conductivity Viscosity Surface Tension
kPa ft/s ft/s Btu/hrft-F  Btu/hrft°F  Btu/hrft-F  Btu/hrft°F  gynefom
Liquid Vapor Liquid Vapor Liquid Vapor Liquid

-40 9.0 2414.3 438.6 0.0494 0.0049 0.87 0.0231 15.2
-35 10.3 2372.4  439.8 0.0489 0.0050 0.83 0.0234 14.7
-30 1.8 2330.8 440.9 0.0483 0.0052 0.80 0.0236 14.3
-25 13.3 2289.6 4419 0.0477 0.0053 0.77 0.0239 13.9
-20 15.1 2248.7 4428 0.0471 0.0054 0.74 0.0242 13.5
-15 17.0 2208.0 4436 0.0465 0.0055 0.71 0.0244 13.1
=0 19.1 2167.6 444.2 0.0460 0.0056 0.68 0.0247 12.7
-5 21.4 2127.4 4447 0.0454 0.0058 0.66 0.0250 12.2
0 23.9 20874 4451 0.0449 0.0059 0.63 0.0252 1.8
5 26.6 20475 4454 0.0443 0.0060 0.61 0.0255 1.4
10 29.6 20079 4455 0.0438 0.0062 0.59 0.0258 1.1
15 32.8 1968.4 4454 0.0432 0.0063 0.57 0.0260 10.7
20 36.3 1928.9 445.3 0.0427 0.0064 0.55 0.0263 10.3
25 40.1 1889.6 4449 0.0421 0.0066 0.53 0.0266 9.9
30 441 1850.3 4444 0.0416 0.0067 0.51 0.0269 OIS
35 48.5 18111 443.8 0.041 0.0068 0.50 0.0271 9.1
40 53.1 1771.9 442.9 0.0406 0.0070 0.48 0.0274 8.8
45 58.1 1732.7 441.9 0.0400 0.0071 0.46 0.0277 8.4
50 63.5 1693.4  440.8 0.0395 0.0073 0.45 0.0280 8.0
55 69.2 1654.1 439.4 0.0390 0.0074 0.43 0.0283 77
60 75.3 1614.8 4379 0.0385 0.0075 0.42 0.0286 733
65 81.7 1575.3 436.1 0.0380 0.0077 0.41 0.0289 7.0
70 88.6 1535.8  434.2 0.0375 0.0079 0.39 0.0293 6.6
75 95.9 1496.1 432.0 0.0370 0.0080 0.38 0.0296 6.3
80 103.7 1456.3 4297 0.0365 0.0082 0.37 0.0299 6.0
85 1.9 1416.4 4271 0.0360 0.0083 0.36 0.0303 5.6
90 120.6 1376.4 424.3 0.0355 0.0085 0.35 0.0307 5.8}
95 129.8 1336.4  421.3 0.0350 0.0087 0.33 0.031 5.0
100 139.6 1296.2  418.0 0.0345 0.0089 0.32 0.0315 4.7
105 149.8 1255.8 4145 0.0340 0.0090 0.31 0.0319 4.4
10 160.6 1215.3 410.7 0.0335 0.0092 0.30 0.0324 4.1
15 172.0 174.4 406.6 0.0331 0.0094 0.29 0.0328 3.8
120 183.9 1133.2 402.3 0.0326 0.0097 0.28 0.0334 815
125 196.5 1091.4 3977 0.0321 0.0099 0.27 0.0339 3.2
130 209.7 1048.7 3927 0.0317 0.0101 0.26 0.0345 29
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MATERIALS COMPATIBILITY

A number of plastics and elastomers were evaluated for compatibility with Solstice yf
by SAE’s Cooperative Research Program. The information below can serve as a guide to
identification of compatible classes of plastics and elastomers. Performance of plastics
and elastomers can vary considerably with formulation and conditions of use. Solstice
yf is an olefin and, like most olefins, may polymerize if certain conditions are present.

As a result, certain materials may initiate polymerization of Solstice yf under certain
conditions (as an example, peroxide curing agents have been shown to react with
Solstice yf and form polymer). Before approving for production the use of a particular
material that will come in contact with Solstice yf, the material should be thoroughly

24-hr Post Physical 24-hr Post 24 -hr Post 24 -hr Post
Weight Change, % Change Linear Swell, % ~ Weight Change, % Change in
Hardness
Polyester 1 4.4 0 Neoprene WRT 0 0.0 -0.3 1.0
NYLON ] 18 ! HNBR 0 16 55 7.0
EPOXY ] 0.3 ! NBR 0 -2 07 4.4
POLYETHYLENE 1 20 0
TEREPHTHALATE EPDM 0 0.5 0.6 4.4
Silicone 1 -0.5 2.5 -14 .5
Butyl Rubber 0 -1.6 -1.9 0.5

0 = best when weight gain < 1 and physical change = 0 0 = less than 10% weight gain and less than 10% linear swell and

<10 hardness unit change
1 = borderline when weight gain > 1and < 10 and/ or 9

physical change up to 2 1=>10% weight gain or >10% linear swell or >10 hardness unit change

2 = incompatible when weight gain > 10 and/or physical change = 2 2 =10% weight gain an d >10% linear swell and >10 hardness unit change

OTHER ELASTOMER INFORMATION

SAE Cooperative Research Program (CRP) has studied hose permeability and O-ring compatibility using
samples from a number of commercial suppliers. Sample s were exposed to HFO-1234yf/modified ND-8 (PA G)
lubricant. Most samples were within target parameters after exposure. Formulations of the following elastomer
types having acceptable performance should be commercially available:

For More Information Visit
solstice.com
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