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Effect of processing rate
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Vapour phase reaction

first order
reaction”

‘M =boilira\gefa:tor

U Shelt Gioba Sonsiors

I N
qmmmmwﬁwmé’ﬂ

49



Deep HDS conversion

For conversion levels above 90%
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CONFIDENTIAL HT/HDS/HG Process Guide Bl e December 1995 . 4., . ..

3.2 MAIN OPERATING VARIABLES - VAPOUR PHASE HYDROTREATING

All kinetic correlation's in this paragraph are based on irreversible_pseudo first order
reactions. At very low levels of sulphur, nitrogen and olefins the accuracy of data is low
due to analytical pmblems For desulphurisation and hydrodenitrogenation the prediction

as phenoals, ethers etc. has been
on is currently available to

3.21

3.241.

B tha minus and-
sulphur \ﬁ\‘ nts-arenot the

shown to be
fe dstocks. In actual
,\ ling the reactor

0

eedstocks, this picture
:duced reactivity of

scribed with first order

(eq.3.2.1.1)
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3.3 KINETICS AND MAIN.-OPERATING VARIABLES -
HYDRODESULPHURISATION UNDER TRICKLE FLOW CONDITIONS

3.3.1 Introduction

Using the theoretical concepts for hydrodesulphurisation and related reactions, as

described in Ch. 1, in this chapter the selection/optimisation of the main operating

vanab!es are descnbed To this end a full kinetic description is given of the main
desulphurisation conditions, i.e.

Hydrodesulphurisation (HDS) and genation (HDN) at conventional as well as
deep-desulphurisation condition: an improved estimate of the
chemical hydrogen consuriplion a hydrogen consumption
data due to Aromatics ratiol straight run as well as cracked
--feedstocks and have bee rapol. o e uiphurisation conditions (PPH, up

to 50 bar).

As main operating variab e. hydrogen and

hydrogen sulph €, spacejvelo e. Catalyst and
feedstock effects ag e vell. Fing v cat t»on correlations have
been develope aligfor as yell as deep itions. -

3.3.2 Kinetic de:

3.3.2.1 Hydrodesulp

action order ] risationX ¥ riventional desulphurisation

Although intrinsic desulphurisation Kinetics a sHow first order kinetics for single
components (2], i 0 in an overall pseudo
second order kinetics al HDS conditions, i.e. say
below 90% HDS. In ti ‘M, F and C represent the

ko (HDS) = (eq. 3.3.2.1)

feed boilifia fange factor; the-feed ieiiaciiveiess fauoiand ti. catalys! aCtivily factor,

respectively /T .t'" ‘_f volume per hr
(Um3.hr) while " uct-tespectively, in %w.
E; represen activation e Ihe gas co ~:; (1.986 cal/mol.’K)

The feed boiling e factor M is derived from the ASTM D86 cﬁstullauon curve and the
erage molal tﬂlnl('l‘)asdefnedmwaszzand 3.323.

ﬂ«ummmwmm

ASTM]O%Q-ASTMSO% +ASTM ASTM70%+ASTM90% (ASTM?O% ASTMIO%)

521°

9 RIAINIAUNNIINETRN Y

reference (C = 1.0) for NiMo and CoMo catalysts, respectively. The ranking of other
comparable catalyst systems is discussed in paragraph 3.3.3 (Table 3.3.3.1). The feed

¥

0
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refractiveness factor F, discussed in paragraph 3.3 4, is defined with ME and African
straight run feedstocks as reference (F = 1.0), see also Table 3.3.4.1.

For deep-HDS it is found that the determining conversion of the refractive tail of sulphur
species behaves like a less broad mixture of components and thus fits with an overall
kinetics of lower reaction order (Figuge 3.3.2.1). Thus.in our new kinetics formulation for

deep-desulphurisation condition: [ DS), dependent on catalyst type and
feedstock, an effective reac : ; nn=12andn=1.5is found
(Table 3.3.2.1). -\‘ ‘ / :
Table 3.3.21 " #f.: eq.3.3.2.6)
Catalyst: C424 (NiMo)* | ——
- F‘
{ — E k‘- ef]
SRGO ; ) ..6.9¢¢ 6.9e9
SR/TCGO g ] 0.7 4.859
> 0.7 6.3e9
SRILCO 0 0.7 4.859
). 0.7 6.3e9
of the model rF Ll \

ture with the contribution

kM

TR W AN

3 - -..;, 1 5.0e8
< TCGO 08 - 0.75 1.6e10
> c‘H:‘ 0.8 : ) qe 07 1.5e10

SRALCO 3f80% koo 08 0.75 1.6e10
50% 160 ; ) 0.7 1.5e10

¥
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iy O = . = _F*M*P____ k, .Exp(-Ea/RT)
i | g™ B WHSV

| V/émm

o ——

'IJJJE m\“\\m\
'Iﬁ J E@T il \w;.

_q 23 9.205 ‘ 8.235 1.118
2 s
ARIR/HT /| 7)) 6 2

q 26 A .089 1.105
27 8.561 6.673 1.283

28 8.205 8.954 0.916

29 7.138 7.420 0.962

30 6.551 8.636 0.759

31 10.953 12.196 0.898

32 8.627 9.238 0.934

33 7.307 7977 0.916




ChM

NIALUIN B (FB)

Data number |left hand side |right hand sid Diff (ratio)
= left/right
34 9.877 10.704 0.923
35 6.942 7.508 0.925
36 6.718 8.867 0.758
37 6.595 0.885
38 7a 0.864
39 54
40 i
41 k 547
42 881
4 \ s
44 :
4
46 1
48 = }
7018
50
5 1134]  #4
52 4
53 897 i
54 '9. 0.
55 ! 7
56 9 .689
57 : =
6
7.053 10.240 0.689

L]
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NARUIN T (FiD)

Data number |left hand side |right hand siq Diff (ratio)
= left/right
66 6.770 8.555 0.791
67 7.609 8.863 0.858
68 8.558 10 907 0.785
69 8.477 10.219 0.830
70 6. 896 0.794
71 { 0.760
72 - | 0.766
73] 2! 51
10
7 T u
- -
N3 1
9 2
49[ /- 1
618 4
4.7.862 .,
87 E = 631
88 == .617
89 e 0.606
i 3
!!'94 : 05
95| - 11.830 21.170 0.559
96 6.799 14075 0.483
| 97
99

EE3 i b

20.733 0.436

100 7.95 17.470] =, 0455
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1
1) Predict Reactor Temperature 2) Predict Sulphur in Product
Part | Input Data Symbol Unit
I
Date AN t | 15-12-03 15-12-03
Sulphur in feed Sf o W 0.366 0.366
Sulphur in product (Target) Sp 8 0.030 0.030
Feed Boiling Range
ASTM 203.4 203.4
AST 3 - 224.8 224.8
AS . 245.2 245.2
ASTM 709 Ol 264.7 264.7
AS 285.9 285.9
Feed rate 8,636 8,636
|Reactor Pressure [ 52.5 52.5
|Reactor Temperature if W 349.5
]
Part Il Calculation Result e
Predict Reactor Temperature |WAB - 352.5| :
|Predict sulphur in product Sp d 0.034,
Part il Calculation Part [ il 3 &
I
[Whsv WHSV ot | 301 301
Reactor Temp WABT o4 | R | he i B 622 50
|Over all reaction order n R — 1.5 15
[Molar average boiling point Tg esrr e = 512 512
|Log of boiling ranage factor log M = et LAy il 0.54 0.54
IBoiliﬂg rage factor j 3.430 3.430
Feed factor =y 1 1
|Hydrogen partial pressure?(.5) F r i 7.25 7.25
|Reaction rate constant (o ton/m” hr 0000000 500000000
|Activation Energy Ea l/kmc il 25000 25000
|Gas constant " kmol/kcal K st 1.987 1.987
L
|Left hand side value [.] 8.284 A
|Reaction rate Fs 0.834
IRight hand side value 6.877
[Correction Factor L Ll | 1.092| 1.092
|Calculated WABT ﬁ WABT K N 625.5} ¢ e PO
1/(Sp*n-1) L] = 5.41
Is ﬂl ﬂ i:_: i [ 0034
T -

1(n-1) (1/(Sp*i1) - 1/ (SPn-1) = F* M* P *Cf/ WHSV* ko exp (-Ea/RT)
Cf = -0.9343525* Sf-0.3276005* M-0.0009067*date+ 36.984932
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