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Table S1. Composition of brown grease used in this study

Compound Composition (%)
Fatty Acid 99.9
Oleic acid (C18:1) 61.1
Stearic acid (C18:0) 225
Palmitic acid (C16:0) 15.1
Linoleic acid (C18:2) 1.3

Table S2. Surface concentration (in at. %) of elements detected via XPS

Ni (Ni%)* Cu (Cu%)* Al Cc o
E-NCA
1.51 (0.25) 0.41 (0.26) 61.67 1.41 35.01
(As synthesized)
E-NCA
1.81 (0.44) 0.31 (0.24) 51.87 0.82 45.19
(Reducedf)

*Ni x Ni° %Area
TSamples were reduced under flowing hydrogen at 350 °C for 3 hours



Table S3. Ni 2p and Cu 2p species for both as synthesized and reduced E-NCA

Ni 2p3/2 peak

As synthesized E-NCA

Ni® Ni(OH): Ni(OH). Sat
% Area 16.68 40.50 42.82
Position 854.50 855.22 860.89
Reduced E-NCA
Ni® Ni(OH): Ni(OH). Sat
% Area 24.28 45.19 30.53
Position 854.06 855.83 861.43
Cu 2p3/2 peak
As synthesized E-NCA
Cu® CuO CuO Sat
% Area 63.76 24.68 11.56
Position 932.19 933.80 942.40
Reduced E-NCA
Cu® CuO CuO Sat
% Area 80.27 14.67 5.06
Position 932.27 936.11 945.35




Table S4. Heteroatoms present in the BG feed and representative RD products

Brown Grease

Renewable Diesel (ppm)

Element
(ppm) t=30h t=150h t=300h
Calcium (Ca) 496+22.5 6.5£1.5 24.4+4.0 5.5+£3.1
Sulfur (S) 324.1+20 30.3+1.7 37119 55.5+13.2
Iron (Fe) 198.1+7.6 1.810.4 1.840.1 1.320.7
Aluminum (Al) 103.7+3.5 3.9+3.3 2.6+1.7 1.0£0.1
Sodium (Na) 24.3+4.3 16.915.2 47.4+32.6 30.1+6.4
Phosphorous (P) 8.910.5 3.0£0.7 9.4145.7 0.84+0.0
Potassium (K) 4.41+0.6 1.840.3 1.7£0.8 2.6+1.1
Magnesium (Mg) 3.6+1.8 1.540.2 3.0£0.1 1.3£1.0
Silicon (Si) 2.0+0.8 7.5+4.8 6+2.7 9.245.6
Nitrogen (N) 1.1£0.2 1.240.3 1.410.1 0.8+0.1
Copper (Cu) 0.840.1 0.240.2 0.01+0.0 0.01+0.0
Nickel (Ni) 0.4+0.2 0.2+0.1 0.4+0.1 0.31£0.2
Lead (Pb) 0.1£0.0 0.0210.0 0.01+0.0 0.01+0.0




Table S5. Elemental composition and heteroatoms present in fresh and spent catalyst

E-NCA Catalyst

Element
Fresh Spent*
Aluminum (Al) 36.911.9% 7.616.2%
Nickel (Ni) 19.5+0.4% 7.1£1.2%
Copper (Cu) 5.6£0.1% 2.5+0.1%
Iron (Fe) 129.0+6.1 ppm 4455.6+722.0 ppm
Calcium (Ca) 0.0£0.0 ppm 1113.3+£37.5 ppm
Sodium (Na) 24.1+0.7 ppm 118.6+0.1 ppm
Potassium (K) 11.5+£8.5 ppm 47.712.3 ppm
Phosphorous (P) 9.0£3.2 ppm 22.7+7.3 ppm
Magnesium (Mg) 0.0£0.0 ppm 14.9+10.3 ppm
Lead (Pb) 1.7+£0.1 ppm 1.1£0.0 ppm
Sulfur (S) 0.0£0.0 ppm 0.41£0.0 ppm

*The spent material includes both coked E-NCA as well as the SiC diluent.



Table S6. Surface concentration (in at. %) of elements detected in fresh and spent
catalyst via XPS

Spent E-NCA
Element Top of Bed Bottom of Bed

C1s 39.30 39.67
O1s 27.86 27.12
Al 2p 30.57 30.91
Si 2p 0.36 1.11

P 2p 0.38 0.20
S2p 0.25 0.12
Ca2p 0.15 0.04

Ni 2p (Ni?) 0.90 (0.21) 0.69 (0.07)

Cu 2p (Cu®) 0.23 (0.19) 0.16 (0.08)




Table S7. Performance comparison of E-NCA with NiMo and CoMo catalyst.

Catalyst Reaction Conditions Catalyst Performance Ref.
Engineered Brown grease; 325 °C; 580 psi; Conv. = 100%; This
Ni-Cu/y-Al2O3 60 sccm; WHSV = 1h™"; 300 Sel. C9-C26 = =93% work
(E-NCA) hours; continuous reactor
NiMo/CoMo/ Canola oil; 325 °C (optimum); Conv. = 100%; [1
Mesostructured 450 psi; LHSV = 1-3 h™"; Ho/QOil = Sel. C9-C30 = ~80%
y-Al,O3 600mLmL™"; 6 hours; continuous
reactor
CoMo/ Oleic acid; 260 °C; 3MPa; LHSV Conv. = 41-57%; [2]
Powdered Al,O3 = 80h™"; Hy/Oil = 500mLmL™; HDO degree = 33-53%;
120 hours continuous reactor Sel. C18/C17=1.4
NiMo or CoMo/ Methyl palmitate; 300 °C; 3.5 Sel. C16/C15 = [3]
y-Al,O3 granules MPa; 100 rpm; 6 hours; batch 0.65 (NiMo);
reactor 2.79 (CoMo)
NiMo/ Oleic acid; 325 °C; 6 MPa; 1000 Conv. = ~100%; [4]
Powdered Al,O3 rpm; 330 min; batch reactor Sel. C13-C18 = ~80%; Yield
C18+ = 20%;
Yield C17+ = 60%
NiMo/ Palm oil; 300 °C; 40 bar; cat/oil | Max. Yield C14-C18 = 67%; [5]
Powdered y-Al,O3 = 0.1; 150 rpm; 3 hours; batch Sel. = ~99%
reactor
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Figure S1. X-ray diffractogram of E-NCA
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Figure S2. (a) FFT; (b) HAADF; temperature-programmed (c) desorption of NHz3; (d)
reduction.



Figure S3. (a) High-angle annular dark-field (HAADF) scanning transmission electron
microscopy (STEM) and (b-f) elemental maps of C, Ni, Cu, O, and Al for fresh E-NCA
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Figure S4. (a) Ni and (b) Cu 2p x-ray photoelectron spectra.
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Figure S5. Detailed composition of gaseous products
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Figure S6. (a)Thermogravimetric analysis under air of spent E-NCA,; (b) Derivative
weight loss curve of spent E-NCA
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Figure S7. Particle size distribution and TEM images of spent E-NCA catalyst



