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CLAIMS: 

 

1. A hydrocarbon conversion process, comprising:  

(a) providing a pyrolysis feedstock comprising ≥ 10.0 wt. % hydrocarbon 

based on the weight of the pyrolysis feedstock;  

(b) pyrolysing the pyrolysis feedstock to produce a pyrolysis effluent 

comprising tar and ≥ 1.0 wt. % of C2 unsaturates, based on the weight of the pyrolysis 

effluent;  

(c) separating at least a portion of the tar from the pyrolysis effluent, 

wherein the separated tar contains ≥ 90 wt. % of the pyrolysis effluent's molecules 

having an atmospheric boiling point of ≥ 290ºC;  

(d) providing a utility fluid, the utility fluid comprising 1-ring and/or       

2-ring aromatics, in an amount ≥ 25.0 wt. % based on the weight of the utility fluid, 

the utility fluid having a final boiling point ≤ 430ºC;  

(e) providing a treat gas comprising molecular hydrogen;  

(f) hydroprocessing at least a portion of the separated tar in the presence 

of (i) the treat gas and (ii) the utility fluid under catalytic hydroprocessing conditions 

at a utility fluid:tar weight ratio in the range of 0.05 to 4.0, to produce a 

hydroprocessed product;  

(g) separating a product overhead mixture and a product bottoms mixture 

from the hydroprocessed product, wherein (i) the product overhead mixture comprises 

at least a portion of any un-reacted treat gas and (ii) the product bottoms mixture 

comprising hydroprocessed tar;  

(h) separating from the product bottoms mixture (i) a product vapor stream, 

(ii) a product liquid stream, and (iii) a side stream, the side stream having a final 

boiling point ≤ 430ºC and comprising 1-ring and/or 2-ring aromatics, in an amount     

≥ 25.0 wt. % based on the weight of the side stream; and  

(i) conducting a portion of the side stream to step (d), wherein the utility 

fluid comprises ≥ 10.0 wt. % of the side stream, based on the weight of the utility 

fluid; and  

one or more of:  

(j) heating the tar before step (f);  
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(k) conducting the hydroprocessed product through first channels of at 

least one treat gas heat exchanger and conducting at least a portion of the treat gas 

through second channels of the treat gas heat exchanger to transfer heat from the 

hydroprocessed product to the treat gas; and  

(l) conducting the tar-fluid mixture before step (f) through first channels 

of at least one tar-fluid mixture heat exchanger and conducting at least a portion of the 

hydroprocessed product through second channels of the tar-fluid-mixture heat 

exchanger to transfer heat from the hydroprocessed product to the tar-fluid mixture. 

 

2. The process of claim 1, wherein (i) the hydroprocessing is conducted 

continuously in a hydroprocessing zone from a first time t1 to a second time t2, t2 

being ≥ (t1+2.67x10
6
 seconds) and (ii) hydroprocessing zone's pressure drop at the 

second time is less than 3.0 times the pressure drop at the first time.  

 

3. The process of claim 2, wherein (i) t2 is ≥ (t1+3.2x10
7
 seconds) and                 

(ii) hydroprocessing zone's pressure drop at the second time is less than 2.0 times the 

pressure drop at the first time.  

 

4. The process of claim 1, wherein the pyrolysis feedstock's hydrocarbon 

comprises one or more of naphtha, gas oil, vacuum gas oil, waxy residues, 

atmospheric residues, residue admixtures, or crude oil, the separated tar has an initial 

boiling point ≥ 200ºC, the side stream has a final boiling point ≤ 400ºC, and the utility 

fluid has a final boiling point ≤ 400ºC.  

 

5. The process of claim 1, wherein the pyrolysis effluent's tar comprises              

(i) ≥ 10.0 wt. % of molecules having an atmospheric boiling point ≥ 565ºC that are 

not asphaltenes, and (ii) ≤ 1.0x10
3
 ppmw metals, the weight percents being based on 

the weight of the pyrolysis effluent's tar.  

 

6. The process of claim 1, wherein the hydroprocessing is conducted at a 

temperature in the range of 200.0ºC to 450.0ºC in the presence of at least one 

hydroprocessing catalyst.  
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7. The process of claim 6, wherein the hydroprocessing is conducted at a 

pressure ≥ 500 psia (34 bar, absolute).  

 

8. The process of claim 1, wherein the process further comprises  

(m) cooling the product overhead mixture;  

(n) separating a fluid from the cooled product overhead mixture, the fluid 

having a final atmospheric boiling point ≤ 350ºC and comprising 1-ring and/or 2-ring 

aromatics in an amount ≥ 50.0 wt. %, based on the weight of the fluid; and  

(o) conducting at least a portion of the separated fluid to step (d), wherein 

the utility fluid further comprises ≥ 20.0 wt. % of the separated fluid, based on the 

weight of the utility fluid.  

 

9. The process of claim 1, wherein the side stream has an 10% true boiling point 

≥ 175.0ºC and a 90% true boiling point ≤ 400.0ºC.  

 

10. A steam cracked tar conversion process, comprising:  

(a) providing a steam cracked tar;  

(b) providing a utility fluid comprising a first utility fluid component, 

wherein the first utility-fluid component has a final boiling point ≤ 350ºC and 

comprises 1-ring and/or 2-ring aromatics in an amount ≥ 50.0 wt. %, based on the 

weight of the first utility-fluid component; 

(c) providing a treat gas, the treat gas comprising ≥ 70.0 mole % of 

molecular hydrogen per mole of the treat gas;  

(d) combining the steam cracked tar and the utility fluid to produce a tar-

fluid mixture;  

(e) exposing the tar-fluid mixture and treat gas under hydroprocessing 

conditions to a temperature in the range of from 300ºC to 500ºC to produce a 

hydroprocessed product, wherein the hydroprocessing consumes molecular hydrogen 

at a rate ≤ 267 standard m
3
 of molecular hydrogen per m

3
 of steam cracked tar; 

(f) separating a product overhead mixture and a product bottoms mixture 

from the hydroprocessed product, wherein the product overhead mixture comprises 

aromatics, hydrogen sulfide and un-reacted treat gas; and the product bottoms mixture 

comprises hydroprocessed tar;  



37 
 

(g) separating from the product bottoms mixture (i) a product vapor stream, 

(ii) a product liquid stream, and (iii) a side stream, the side stream having a final 

boiling point ≤ 430ºC and comprising ≥ 25.0 wt. % of aromatics having one or two 

rings, based on the weight of the side stream;  

(h) separating from the product overhead mixture (i) a spent treat gas 

mixture comprising molecular hydrogen and hydrogen sulfide and (ii) a fluid having 

an atmospheric final boiling point about ≤ 350ºC and comprising ≥ 50.0 wt. % of 

aromatics having one or two rings, based on the weight of the fluid; and  

(i) recycling at least a portion of the fluid separated in step (h) to step (b), 

wherein the first utility-fluid component comprises the recycled separated fluid.  

 

11. The process of claim 10, wherein  

(A) the utility fluid further comprises a second utility fluid component, the 

second utility-fluid component having a final boiling point ≤ 430ºC and comprising  

1-ring and/or 2-ring aromatics in an amount ≥ 25.0 wt. %, based on the weight of the 

second utility fluid component; and  

(B) the process further comprises recycling at least a portion of the side 

stream to step (b), wherein the second utility-fluid component comprises the recycled 

side stream.  

 

12. The process of claim 11, wherein the second utility fluid has a true boiling 

point distribution having (i) an initial boiling point ≥ 300ºF (150ºC) and (ii) a final 

boiling point ≤ 800ºF (430ºC).  

 

13. The process of claim 11, wherein the second utility fluid has a true boiling 

point distribution in the range of from 175ºC (350ºF) to about 400ºC (750ºF).  

 

14. The process of claim 11, wherein (i) the utility fluid comprises ≥ 80 wt. % of 

the first and second utility-fluid components, based on the weight of the utility fluid.  

 

15. The process of claim 11, wherein the utility fluid comprises ≥ 80 wt. % of the 

first utility-fluid component based on the weight of the utility fluid.  
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16. The process of claim 10, wherein (i) the hydroprocessing is catalytic 

hydroprocessing conducted in at least one hydroprocessing zone, the hydroprocessing 

zone comprising at least two catalyst beds, (ii) the total pressure in the 

hydroprocessing zone is in the range of 68 bar (absolute) to 135 bar (absolute),         

(iii) the second utility-fluid component and first-utility fluid components are 

combined at a (second utility-fluid component):(first utility-fluid component) weight 

ratio in the range of from 0.11 to 0.67, (iv) the first and second utility-fluid 

components are combined with the steam cracked tar at a [first utility-fluid 

component+second utility-fluid component]:steam cracked tar weight ratio in the 

range of from 0.05 to 4.00.  

 

17. The process of claim 10, wherein (i) the hydroprocessing is conducted 

continuously in a hydroprocessing zone from a first time to a second time, the second 

time being ≥ the first time plus 2.67x10
6
 seconds, and (ii) hydroprocessing zone's 

pressure drop at the second time is less than 3.0 times the pressure drop at the first 

time.  

 

18. The process of claim 17, wherein the hydroprocessing zone comprises at least 

one bed of high-activity hydrotreating catalyst.  

 

19. The process of claim 10, wherein the hydroprocessing conditions includes a 

reactor pressure ≥ 68 bar absolute.  

 

20. The process of claim 10, wherein the process further comprises one or more of: 

(j) exposing the tar-fluid mixture to a temperature ≥ 300ºC before step (e) 

in at least one heater, wherein the tar-fluid mixture abstracts heat;  

(k) conducting the tar-fluid mixture through first channels of at least one 

tar-fluid mixture heat exchanger before step (e); and further conducting at least a 

portion of the product overhead mixture through second channels of the tar-fluid 

mixture heat exchanger to transfer heat from the product overhead mixture to the tar-

fluid mixture; and  

(l) conducting a portion of the product overhead mixture through first 

channels of at least one treat gas heat exchanger and conducting at least a portion of 
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the treat gas through second channels of the treat gas heat exchanger to transfer heat 

from the treat gas to the product overhead mixture.  

 

21. A steam cracked tar conversion process, comprising:  

(a) providing a steam cracked tar;  

(b) providing a utility fluid comprising first and second utility fluid 

components, wherein (i) the second utility-fluid component has a final boiling point   

≤ 430ºC and comprises ≥ 25.0 wt. % of aromatics having one or two rings, based on 

the weight of the second utility-fluid component, and (ii) the first utility-fluid 

component has a final boiling point ≤ 350ºC and comprises a ≥ 50.0 wt. % of 

aromatics having one or two rings, based on the weight of the first utility-fluid 

component;  

(c) providing a treat gas, the treat gas comprising molecular hydrogen;  

(d) combining the steam cracked tar, the treat gas, and the utility fluid to 

produce a hydroprocessing feed mixture, and exposing the hydroprocessing feed 

under hydroprocessing conditions to a temperature in the range of from 300ºC to 

500ºC to produce a hydroprocessed product, wherein (i) the utility fluid is combined 

with the steam cracked tar at a [utility fluid]:[steam cracked tar] weight ratio in the 

range of about 0.05 to 4.0;  

(e) separating a product overhead mixture and a product bottoms mixture 

from the hydroprocessed product, wherein the product overhead mixture comprises 

aromatics, hydrogen sulfide and un-reacted treat gas; and the product bottoms mixture 

comprises hydroprocessed tar;  

(f) separating from the product bottoms mixture (i) a product vapor stream, 

(ii) a product liquid stream, and (iii) a side stream, the side stream having a final 

boiling point ≤ 430ºC and comprising ≥ 25.0 wt. % of aromatics having one or two 

rings, based on the weight of the side stream;  

(g) recycling at least a portion of the side stream to step (b) where the 

second utility-fluid component comprises the recycled side stream;  

(h) separating from the product overhead mixture a spent treat gas mixture 

and a fluid, the fluid having a final boiling point ≤ 350ºC and comprising ≥ 50.0 wt. % 

of aromatics having one or two rings, based on the weight of the fluid; and  
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(i) recycling at least a portion of the fluid separated in step (h) to step (b), 

wherein the first utility-fluid component comprises the recycled separated fluid.  

 

22. The process of claim 21, wherein  

(A) the utility fluid is a combined utility fluid, the combined utility fluid 

consisting essentially of the first and second utility fluid components,  

(B) the mass ratio of [1-ring aromatics+2-ring aromatics]:saturated 

hydrocarbon molecules in the combined utility fluid is increased over that of the 

second utility-fluid component by a factor ≥ 1.5, and  

(C) the second utility-fluid component has a final boiling point ≤ 400ºC.  

 

23. The process of claim 21, wherein the process further comprises the steps of:  

(j) exposing the hydroprocessing feed mixture to a temperature ≥ 300ºC 

before step (e) in at least one heater to heat the hydroprocessing feed mixture;  

(k) conducting the product overhead mixture through first channels of at 

least one treat gas heat exchanger and conducting at least a portion of the treat gas 

through second channels of the treat gas heat exchanger to transfer heat to the treat 

gas from the product overhead mixture; and  

(l) conducting the steam cracked tar and/or the utility fluid through first 

channels of at least one tar-fluid heat exchanger before step (e) and conducting the 

portion of product overhead mixture passing through the treat gas heat exchanger 

through second channels of the tar-fluid heat exchanger to transfer heat from the 

product overhead mixture to the steam cracked tar and/or the utility fluid.  

 

24. The process of claim 21, further comprising cooling the spent treat gas 

mixture and separating from the cooled spent treat gas mixture a second fluid 

comprising hydrocarbon.  

 

25. The process of claim 24, further comprising the steps of combining the second 

fluid with the product bottoms mixture and wherein at least a portion of the treat gas's 

molecular hydrogen is obtained from the spent treat gas.  
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26. A hydrocarbon conversion process, comprising:  

(a) providing a pyrolysis feedstock comprising ≥ 10.0 wt. % hydrocarbon 

based on the weight of the pyrolysis feedstock;  

(b) pyrolysing the pyrolysis feedstock to produce a pyrolysis effluent 

comprising ≥ 0.1 wt. % of C2 unsaturates, based on the weight of the pyrolysis 

effluent;  

(c) separating tar from the pyrolysis effluent, wherein the separated tar 

contains ≥ 90 wt. % of the pyrolysis effluent's molecules having an atmospheric 

boiling point of ≥ 290ºC;  

(d) providing a utility fluid, the utility fluid comprising 1-ring and/or        

2-ring aromatics, in an amount ≥ 25.0 wt. % based on the weight of the utility fluid, 

the utility fluid having a final boiling point ≤ 400ºC;  

(e) providing a treat gas comprising molecular hydrogen;  

(f) hydroprocessing at least a portion of the separated tar in the presence 

of (i) the treat gas and (ii) the utility fluid under catalytic hydroprocessing conditions 

at a utility fluid:tar weight ratio in the range of 0.05 to 4.0, to produce a 

hydroprocessed product;  

(g) separating a product overhead mixture and a product bottoms mixture 

from the hydroprocessed product, wherein (i) the product overhead mixture comprises 

a portion of the un-reacted treat gas and optionally hydrogen sulfide, and (ii) the 

product bottoms mixture comprises hydroprocessed tar;  

(h) separating from the product overhead mixture at least (i) a product 

vapor stream, (ii) a product liquid stream;  

(i) separating from the product liquid stream at least a spent treat gas 

mixture and a fluid stream, the fluid stream having final boiling point ≤ 400ºC and 

comprising 1-ring and/or 2-ring aromatics, in an amount ≥ 25.0 wt. % based on the 

weight of the fluid stream; and  

(j) recycling at least a portion of the fluid stream to step (d), wherein the 

utility fluid comprises ≥ 10.0 wt. % of the recycled fluid stream, based on the weight 

of the utility fluid. 


