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A Collaborative Effort: Bio-oil Co-processing with Refinery Streams
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Stable Carbon Isotopes in Plants
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Volatile, viscous samples are difficult to measure due to

fractionation.

High precision is necessary to deconvolute small blending

levels

Sealing in tin capsules under argon eliminates
volatilization and prevents atmospheric contamination

Solid standards can be run concurrently
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813C in Products (%o, vPDB)

813C Sensitivity for Biogenic C Tracking

Calculated 813C in blends
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Co-processing Experiment on Blending Level and 6'3C

Bio-crude

y=10.313x-29.067
R2=10.999

2 4 6 8 10 12 14 16 18 20
Renewable carbon in co-processing products (%)
FP pine bio-oil
y =0.0087x - 29.203
2
R2=0.940 6.4%
i 0,
0% ¢ 2.1%
-29.20
1 2 3 4 5 6

Renewable carbon in co-processing products (%)

-29.06 -
-29.08
29.10

— -29.12

m

a

& 29.14

S 6

o
-29.18
-29.20

29.02 -
-29.06 -

2910

m

@)

[aW)

>

£2914

2

o

29.18
-29.22

CFP forest residue

4 y=0.0047x-29.170
R2=0.997

17.58%

0 2 4 6 8§ 10 12 14 16 18 20

Renewable carbon in co-processing products (%)

FP forest residue

y =0.0086x - 29.171
R?>=0.895

14C (pMC)

0 2 4 6 8 10 12

Renewable carbon in co-processing products (%)

14C (pMC)

18%
16%
14%
12%
10%
8%
6%
4%
2%
0%

-29.18

13C-labelled bio-crude

y =2.1701x + 62.891

E R?=0.99354 b2 o
17.6% Condition 1

® 9.7% Condition 2

9.7% Condition 1

30 -29 -28 -27 -26 -25 -24 -23 -22

813G (%o, VPDB)

CFP forest residue bio-oil

y = 1.8733x + 54.645
R?=0.9978 ,’

1
N\

1
N

i A

- ’

'_‘" T T T 1
-29.15 -29.12 -29.09 -29.06

813C (%o, VPDB)




Isotope Fractionation and Quantification of Biogenic C% by 5'3C
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Stable C Isotope Approach for Tracking Biogenic Carbon

« High-precision 6'3C analysis can be a viable way to track biogenic C in bio-oil co-processing
products including the feedstock derived from C3 woody biomass and guide the optimization of
the co-processing parameters.

« C isotope fractionation factor is not affected by the bio-oil blending levels.

« C4 plant-derived bio-oils possess more distinct §'3C values than C3 plant-derived bio-oils. It is
anticipated that the use of C4 plant-derived feedstock will greatly increase the biogenic C

traceability.
« Ongoing work is focused on using an optical approach for potential online detection of 5'3C.

% Tunable Infrared Laser Direct Absorption Spectroscopy (TILDAS)
Pacific ) R
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Assess the feasibility of using optical approaches for online monitoring of 8'3C (%o) in low biogenic
carbon transportation fuel components (0 to 10%) by comparing TILDAS (Aerodyne) and IRMS

(PNNL) approaches



Micropyrolyzer Experiment on 3C-labelled Biomass (Oak)

13C-labelled Oak woody stem (133C>97%):
$2,142.83/gram

Catalysts: E-cat and CP758 (ZSM-5 based catalyst)
Feedstocks: VGO, Oak, and 13C Oak

Propylene mass spectrum

13C labeled Oak + VGO + Zeolite catalyst
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Biogenic C is incorporated into alkenes and single-ring aromatics
(found in LPG and gasoline)
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Propylene: We observe peaks for C;H,, C,**CH,, C*3C,H,, **C;H, (LPG)
Toluene: We observe peaks for C;Hg C**CHj;...C**CHg *C,Hy (Gasoline)

These data suggests the so-called “hydrocarbon pool” chemistry

Biogenic carbon was extensively incorporated into
alkenes (LPG) and aromatic hydrocarbons (gasoline
and LCO).

No biogenic carbon was observed in linear-alkanes;
biogenic carbon was however incorporated into
cycloalkanes.

All CO, (Dry gas) and most of the carbon laydown on
the catalyst (coke) was biogenic.

This work also shows that comprehensive catalyst
development targeting both petroleum and biomass
derived feeds is required to maximize the
incorporation of biogenic carbon in transportation
fuels.

Mukarakate & Orton, et al., ACS Sustainable Chem. Eng. 2020
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More talks about biogenic C tracking by our team....

April 21, 4:10 PM: Quantification of Biogenic Carbon in Fuel Blends through LSC 14C Measurement, by James Lee et al, LANL)
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