Supporting Information

On the Impact of Siloxane Impurities on the Performance

of an Engine Operating on Renewable Natural Gas

Nitin Nair', Xianwei Zhangl, Jorge Gutierrez’, Jack Chen?, Fokion Egolfopoulos3 , Theodore
Tsotsis'"
'"Mork Family Department of Chemical Engineering and Materials Science, University of
Southern California, Los Angeles, California 90089-1211, USA.

’Gas Engineering , Engineering Analysis Center, Applied Technologies, Southern California Gas
Company, Pico Rivera, CA 90660-5100, USA.

*Department of Aerospace and Mechanical Engineering, University of Southern California, Los
Angeles, California 90089-1453, USA.

*Tel.: 213 740 2069. Fax: 213 740 8053. E-mail address: tsotsis@usc.edu.



Table S1. Siloxane compounds in LFG and some of their properties, from Jalali et al.**.

Name CAS Formula MW | Boiling | Vapor | Density
Number [g/mol] | Point | Pressure | [g/cc]
~ [C]_| [mmHg]
Hexamethylcyclotrisiloxane (Ds) 54 19-05 | CHL0.SI | 222.46 134 10 Lo2
Octamethylcyclotetrasiloxane (D,) 556?:67- CoH,.0.SL | 296.62 175 13 0.96
Decamethylcyclopentasiloxane (Ds) 5416-02- C1oHyOsSis | 370.77 210 0.4 0.96
Dodecamethylcyclohexasiloxane(Ds) 5406-97- CHyOcSic | 444.92 245 0.02 0.97
Hexamethyldisiloxane (L,) 107(;46- CHOSi, | 16238 101 31 076
Octamethyltrisiloxane (L) 1 077-5 1- CoH,i0,5h | 236.53 153 3.9 0.82
Decamethyltetrasiloxane (L,) 1415;62- CicHuyOsSis | 310.69 194 0.55 0.85
Dodecamethylpentasiloxane (Ls) 14 19-63- CHyOuSis | 384.84 130 0.07 0.88
Trimethylsilanol ! 40062' CH,OSi | 9020 | 99 73.9 0.81




Table S2. Siloxanes limits in LFG and digester gas recommended by various engine
manufacturers.”®

Siloxane,
Engine Manufacturer mg/m’
in Landfill Gas

'Waukesha 25
Jenbacher 10
Caterpillar 10
Deutz 5

Solar Turbines 0.1

IR Microturbines 0.06
Capstone Microturbines 0.03




Table S3. Oil analysis data for two used oil samples from the siloxane and non-siloxane engines.

1st oil sample 2nd oil sample
Elements
Non-Siloxane | Siloxane | Non-Siloxane | Siloxane

Sulfur (ppm) 2100 2200 2000 2000
Chlorine (ppm) <50 <50 50 <50
Sodium (ppm) <1 <1 <1 <1
Boron (ppm) 1 1 <1 <1
Silicon (ppm) 13 205 11 375
Iron (ppm) 27 24 34 25
Aluminium (ppm) 8 7 7 5
Chromium (ppm) 1 <1 <1 <1
Molybdenum (ppm) | 163 149 112 110
Copper (ppm) 6 5 4 6
Lead (ppm) <1 <1 <1 <1
Tin (ppm) <1 <1 <1 <1
Nickel (ppm) <1 <1 1 1
Titanium (ppm) <1 <1 <1 <1
Silver (ppm) <1 3 1 <1
Vanadium (ppm) <1 <1 <1 <1
Manganese (ppm) <1 <1 <1 <1
Phosphorous (%wt) | 0.0714 0.0721 0.0725 0.0738
Zinc (%wt) 0.0932 0.0919 0.0852 0.0909
Calcium (%wt) 0.2099 0.2504 0.2044 0.2073
Magnesium (%owt) 0.0009 0.0009 0.0008 0.0008




