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Abstract

We present the development and application of a two-phase stirred reactor model for heavy oil upgrading in the presence of

supercritical water (SCW), with coupled phase-specific thermolysis reaction kinetics and multicomponent hydrocarbon water

phase equilibrium. We demonstrate the inference of oil and water phase kinetics parameters for a compact lumped reaction

kinetics model through the application of this model to two different sets of batch reactor experiments reported in the literature.

We infer that, though SCW can suppress the formation of newer polynuclear aromatics (PNA) from distillate range species, it is

broadly ineffective in deterring the combination of pre-existing PNA fragments in the oil feed. Quantification of the conversion

to distillate liquids before the onset of coke formation helps arrive at a clearer conclusion on whether the use of SCW in the

batch reactor leads to better product outcomes for different oil feeds and operating conditions.
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(i) Batch 

(ii) SCW-Oil Co-flow

(iii) SCW Upflow

Two-phase Stirred Reactor 

(TPSR) Model

water phase

oil phase

ሶ𝑚𝑠,𝐻2𝑂

ሶ𝑚𝑠,𝑀𝐴

Outflow

ሶ𝑚𝑤,𝑜𝑢𝑡

Inflow

ሶ𝑚𝑤,𝑖𝑛

𝑀𝐴𝑣𝑟 → 𝑀𝐴𝑑
𝑀𝐴𝑣𝑟 → 𝑀𝐴+

𝑀𝐴+ → 𝐴𝑆+

𝐴𝑆+ ⟶ 𝐶

𝑀𝐴𝑣𝑟 → 𝑀𝐴𝑑
𝑀𝐴𝑣𝑟 → 𝑀𝐴+

𝑀𝐴+ → 𝐴𝑆+

𝐴𝑆+ ⟶𝐶

Inflow

ሶ𝑚𝑜,𝑖𝑛

Inflow

ሶ𝑚𝑜,𝑖𝑛

Outflow

ሶ𝑚𝑜,𝑜𝑢𝑡

Outflow

ሶ𝑚𝑜,𝑜𝑢𝑡

6



P
os
te
d
on

A
u
th
or
ea

16
M
ar

20
21

—
T
h
e
co
p
y
ri
gh

t
h
ol
d
er

is
th
e
au

th
or
/f
u
n
d
er
.
A
ll
ri
gh

ts
re
se
rv
ed
.
N
o
re
u
se

w
it
h
ou

t
p
er
m
is
si
on

.
—

h
tt
p
s:
//
d
oi
.o
rg
/1
0.
22
54
1/
au

.1
61
59
35
20
.0
21
63
39
9/
v
1
—

T
h
is

a
p
re
p
ri
n
t
an

d
h
a
s
n
o
t
b
ee
n
p
ee
r
re
v
ie
w
ed
.
D
a
ta

m
ay

b
e
p
re
li
m
in
a
ry
.

AS

MA

Coke
Gas

---- : TPSR model predictions

solid markers : Shanghai expt. data
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SCW Phase

Oil Phase

---- : Arrhenius best fit line  ln 𝑘 = ln 𝐴 − 𝐸𝑎/𝑅𝑇
solid markers : rate constants fit to Shanghai expt. data

SCW Phase

Oil Phase

---- : Arrhenius best fit line ln 𝑘 = ln 𝐴 − 𝐸𝑎/𝑅𝑇
solid markers : rate constants fit to Shanghai expt. data
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SCW Phase

Oil Phase

---- : Arrhenius best fit line ln 𝑘 = ln 𝐴 − 𝐸𝑎/𝑅𝑇
solid markers : rate constants fit to Shanghai expt. data
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---- : TPSR model predictions

solid markers : Japanese expt. data
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SCW Phase

Oil Phase

---- : Arrhenius best fit line ln 𝑘 = ln 𝐴 − 𝐸𝑎/𝑅𝑇
solid markers : rate constants fit to Japanese expt. data

SCW Phase

Oil Phase

---- : Arrhenius best fit line ln 𝑘 = ln 𝐴 − 𝐸𝑎/𝑅𝑇
solid markers : rate constants fit to Japanese expt. data
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SCW Phase

Oil Phase

---- : Arrhenius best fit line ln 𝑘 = ln 𝐴 − 𝐸𝑎/𝑅𝑇
solid markers : rate constants fit to Japanese expt. data

VR

Distillate

Coke
Gas

---- : TPSR model predictions

solid markers : Japanese expt. data
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solid markers : Japanese expt. data
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