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Supplementary material

Table 1S. Elemental composition from GC-MS and estimated properties of turpentine,
hydroturpentine and oxyturpentine

C H (0] Mean Molecular | H/C | Fuel/air
(% ww) | (% ww) | (% ww) | molecular weight ratio | stoichiometric
formula (kg/kmol) ratio
T 88.1 11.8 0.1 Cio.19H163000.00 | 138.85 1.60 | 1/14.20
HT 87.4 12.2 0.4 Cio.16H16.8800.03 | 139.64 1.66 | 1/14.21
oT 84.7 11.5 3.8 Cio33Hi6750035 | 146.55 1.62 | 1/13.48




Table 2S. Measured properties of fuels

Fuel Density Kinematic | WSD Higher Lower Flash Derived SP (mm) | OESI Cloud point | Pour point | COT (°C)
(kg/m?3) viscosity at | (um) heating heating point (°C) cetane (°C) (°C)

40°C value value number

(mm?/s) (MJ/kg) (MJ/kg)
T 864.3+0.9 | 1.35+£0.00 | 461 £11 | 449+0.0 |423+£0.0 |37.3+1.2 199+0.5 | 9.0+00 |53.7+0.0 | -104.1£3.4 | -101.7+£2.9 | <-90.0
HT 861.7+£0.5 | 1.47+£0.00 | 360+£6 |451+0.1 |425+0.1 |33.2+0.6 |23.1 10.7+£0.6 | 444+3.0 | n.d. n.d. <-90.0
oT 912.6 £0.0 | 3.51+0.01 | 302+42 | 42.2+0.1 | 39.7+0.1 | 37.0 19.8 33.3+06 | 8.0+£0.6 | n.d. -94.8+0.8 | <-90.0
D 826.6+0.6 | 2.59+0.01 | 429+£55 | 458+0.1 |43.1+£0.1 | 74.0£0.0 | 59.9 23.0+06 | 260+09 | -22.7+00 |-22.0£0.0 |-27.0+0.1
B 875.8£1.0 | 453£0.05 | 174+7 |39.7+0.6 |37.1+0.6 | 137.81.2 | 59.3 n.d. n.d. 7.0+£0.0 10.0+0.0 20+0.0

n.d. not detected




Table 3S. Measured properties of blends of turpentine, hydroturpentine and oxyturpentine with diesel

Blend Density Kinematic | WSD Higher Lower Flash Derived | SP (mm) | OESI Cloud Pour point | COT (°C)
with (kg/m3) viscosity at | (um) heating heating point (°C) cetane point (°C) | (°C)

diesel (% 40°C value value number

in v/v) (mm?/s) (MJ/kg) (MJ/kg)

T (1%) 827.0£0.5 | 2.54+£0.01 |399+3 |458+0.0 |43.0+00 |71.8+0.6 |59.8 226+0.6 | 26.3+£09 | -253+0.6 | -22.0+£0.0 | -27.9+0.0
T (2%) 828.0+0.7 | 2.58+0.01 | 3905 |458+0.0 | 43.0+0.0 | 70813 | 58.6 220+0.6 |272+1.0 | -254+0.1 | -22.0+0.0 | -28.3+0.1
T (3%) 8283+£04 | 251+£0.01 |398+£17 | 45.8+0.0 | 43.0+0.0 | 68.5+0.0 | 58.3 21.6+0.6 | 27.6+£1.0 | -25.7+0.1 | -22.7+£0.6 | -28.3+0.1
T (5%) 829.0+0.4 | 2.47+0.01 | 435+£52 | 45.8+0.0 | 43.0£0.0 | 652+£0.6 |57.6 206+0.6 |29.1+1.1 |-25.6+0.0 | -23.0+0.0 | -28.9+0.0
T (10%) 829.7+£0.3 [ 242+£0.00 | 4413 |457+0.0 |43.0+0.0 | 60.5+0.0 |544 19606 | 30.3+£1.2 | -26.0£0.0 | -23.7+£0.6 | -29.7+ 0.1
T (15%) 831.4+£0.7 | 232+£0.00 | 44675 | 45.7+0.0 | 43.0+0.0 | 555+0.1 |51.6 189+0.6 {309+13 | -263+0.2 |-243+1.2|-30.1£0.2
T (20%) 8343+ 1.1 | 2.29+0.01 | 445+£43 | 45.6+0.0 | 429+0.0 | 46.5+0.6 | 499 186+0.6 |30.8+1.2 |-26.7+0.1 | -253+0.6 | -31.0+0.0
HT (1%) | 831.6+0.3 |248+0.01 | 367+24 |46.0+0.1 | 432+0.1 |73.5+0.0 |nm. 23.0+0.6 | 25.7+£09 | -28.7+0.3 | -28.3+£0.6 | -37.5+0.1
HT (2%) | 831.7+0.8 | 2.54+0.04 | 366 £57 | 46.0+0.0 | 43.2+0.0 | 74.0+0.0 |51.2 226+0.6 |26.1+£09 | -31.3+2.5|-283+0.6 |-37.7+0.2
HT (3%) | 832.9+04 |2.63+0.04 |352+22 |46.0+0.0 |433+0.0 |71.0£0.0 |nm. 226+06 |259+09 | -292+0.3|-29.0+0.0 | -37.8+0.0
HT (5%) | 833.0+0.1 |247+0.02 | 363+£29 |46.0+0.1 | 432+0.1 | 683+0.6 |nm. 223+00 | 262+0.0 | -29.4+0.1 | -29.0+£0.0 | -38.2+0.0
HT (10%) | 834.8+0.4 | 2.40+0.06 | 440+ 18 | 459+0.0 | 43.2+0.0 | 62.0£0.0 |48.6 220+0.6 |260+09 | -31.3+1.1 |-31.0£0.0 | -39.1+£0.1
HT (15%) | 834.9+0.4 | 2.26+0.01 | 400£8 | 46.0+0.0 | 43.2+0.0 | 58.0£0.0 |49.3 203+0.0 | 282+0.0 |-314+0.6 | -34.0+£0.0 | -40.1 £0.1
HT (20%) | 836.6 £0.2 | 2.23+0.01 | 463 +7 |458+0.0 [43.1+0.0 | 55.0+0.0 |nm. 186+0.6 | 30.8+1.2 | -32.6+3.5|-36.0+0.0 | -41.0£0.0
OT (1%) | 830.5+0.8 | 2.44+0.00 | 2370 | n.m. n.m. n.m. n.m. n.m. n.m. -22.8+0.0 | n.m. -28.4+0.0
OT (2%) | 831.4+0.0 | 2.43+0.00 |202+1 | nm. n.m. n.m. n.m. n.m. n.m. -229+0.1 | nm. -28.5+0.0
OT (3%) | 831.5+0.4 | 2.46+0.00 | 2600 | n.m. n.m. 77.0 n.m. n.m. n.m. -22.9+0.0 | n.m. -28.6+0.0
OT (5%) | 8343+0.1 | 2.42+0.00 | 197+ 16 | n.m. n.m. 74.0 61.8 n.m. n.m. -23.2+£0.0 | -20.4 -28.7+0.0
OT (10%) | 838.3+0.8 | 2.43+0.00 | 305+27 | 44.8+0.3 | 42.1+0.3 | 69.0 58.1 247+0.8 | 21.7£0.8 | -23.9+0.2 | -21.2 -29.1+£0.0
OT (15%) | 843.3+0.3 | 2.45+0.00 | 308 £15 | n.m. n.m. 65.0 54.4 n.m. n.m. -245+03 | -21.9 -29.5+0.0
OT (20%) | 846.6 £0.5 | 2.48+0.00 | 341 £35 | 44.6+0.1 | 41.9+0.1 | 63.0 51.7 253+£06 | 19.8+0.6 | -252+0.1 | -22.2 -29.9+0.0

n.m. not measured




Table 4S. Measured properties of blends of turpentine, hydroturpentine and oxyturpentine with biodiesel

Blend Density Kinematic | WSD Higher Lower Flash Derived | SP (mm) | OESI Cloud Pour point | COT (°C)
with (kg/m3) viscosity at | (um) heating heating point (°C) cetane point (°C) | (°C)

biodiesel 40°C value value number

(% in v/v) (mm?/s) (MJ/kg) (MJ/kg)

T (1%) 875704 | 446001 | 1765 |398+0.0 |372+0.0 | 1103£1.2 | 59.9 n.d. n.d. 6.7+0.2 9.0+£0.0 1.7+0.1
T (2%) 875.1+£0.3 [ 435+0.01 | 173+4 |399+0.0 |37.3+£0.0 | 100.7+1.3 | 594 n.d. n.d. 6.5+0.1 73+£0.6 0.9+0.1
T (3%) 875.0+£04 [ 434+£001 | 1778 |399+0.0 |37.3+0.0 | 91.8+1.0 | 58.9 n.d. n.d. 6.6+0.1 7.0+0.0 0.8+0.1
T (5%) 8744+0.0 | 420+£0.01 | 175+8 |40.0+0.1 |374+0.1 |803+1.5 |584 n.d. n.d. 5.8+0.1 7.0+1.0 0.1+£0.1
T (10%) 873.9+0.2 [ 4.03+0.02 | 177+13 | 40.2+0.1 | 37.7+0.1 | 66.3+£0.6 | 56.7 n.d. n.d. 5.1+£0.2 6.3+0.6 -1.0+0.1
T (15%) 873.4+0.2 | 3.68+0.01 | 177£5 |40.5+0.1 | 379+0.1 | 58.7£0.6 |554 n.d. n.d. 45+0.2 43+0.6 -22+0.1
T (20%) 8733+£0.2 | 3.20£0.01 | 178+0 |40.7+0.1 | 38.1+0.1 |557+0.6 | 54.1 n.d. n.d. 33+0.1 4.0£0.0 -3.3+0.1
HT (1%) | 873.3+0.7 | 4.61+0.05 | 167+5 |40.0+0.1 | 37.5+0.1 | 117.0 n.m. n.d. n.d. 6.8+0.1 9.0+£0.0 -0.3+0.0
HT 2%) | 872.6+0.1 | 453+0.03 | 1698 |40.0+0.1 |37.5+0.1 | 108.0 63.8 n.d. n.d. 6.5+0.2 7.0£0.0 -1.3+£0.1
HT (3%) | 872.3+0.4 | 4.46+0.01 | 160+10 | 40.3+0.1 | 37.7+0.1 | 95.0 n.m. n.d. n.d. 6.8+0.0 7.0+0.0 -1.0+£0.0
HT (5%) | 872.1+£0.6 | 437+0.00 | 159+13 | 40.1+0.1 | 37.5+0.1 | 84.0 n.m. n.d. n.d. 6.1+0.1 7.0+£0.0 -1.7+£0.0
HT (10%) | 871.9+0.4 | 4.08+0.01 | 1604 |40.3+0.1 |37.7+0.1 | 68.0 64.9 n.d. n.d. 5.6+0.3 7.0+£0.0 -1.8+0.1
HT (15%) | 870.6 £ 0.4 | 4.01+£0.04 | 165+10 | 40.7+0.1 | 38.1+0.1 | 61.0 56.9 n.d. n.d. 44+02 6.0+0.0 -3.6+0.1
HT (20%) | 869.5+0.4 | 3.63+0.01 | 17911 | 40.9+0.1 | 383+0.1 | 56.0 n.m. n.d. n.d. 42+0.2 43+1.5 -52+0.0
OT (1%) | 878.0+0.3 | 420+0.00 | 182+ 18 | n.m. n.m. n.m. n.m. n.d. n.d. n.m. n.m. 1.1£0.0
OT (2%) | 877.4+0.1 | 4.18+0.00 | 244+26 | n.m. n.m. n.m. n.m. n.d. n.d. n.m. n.m. 0.8+0.2
OT (3%) | 877.4+0.2 | 420+0.01 | 245+29 | n.m. n.m. 100.0 n.m. n.d. n.d. n.m. n.m. -0.6+0.2
OT (5%) | 8782+0.1 | 415+0.01 |242+0 | nm. n.m. 92.0 55.6 n.d. n.d. 5.1 8.1 -1.4£0.1
OT (10%) | 880.8+0.4 | 4.11+0.03 | 21620 | 39.9+0.1 | 37.3+0.1 | 80.0 53.4 n.d. n.d. 4.6 7.6 -29+0.0
OT (15%) | 883.3+0.1 | 4.00+0.02 | 227+0 | n.m. n.m. 69.0 52.1 n.d. n.d. 3.6 6.6 -4.0+0.1
OT (20%) | 884.3+0.1 | 3.93+0.01 | 238+4 |403+04 |37.8+£04 | 65.5 50.5 n.d. n.d. 3.5 3.5 -5.0+0.0




