
Training Services 

Distillate Hydroprocessing - 
Introduction to Design 

and Process Engineering 

'EFnder&md the &emid nature of&tillate 
Explain the - a c e  of the c e b ~ e  number 

r Describe the nature of components .that contribate and detract from 
cetaae nmber 

a Exp- the difference between c-e number and cetane index 
a *tinderstand tfte dkffered &asses of reac4ioz.w in dis.tiliate hydjro$roc&g 
a Understand some relevant issues in producing ULSD 
r Derive from %=st principleSTJ $he associated hydrogen c011stmptions and 

operating parameters 
M Understand some design and operating issues related to reaeior effluent 



Distillate Hydroprocessing 
Characterish'cs uf Diesel 

Typic& C2yb~a1 N b D j S t r i b g h  - No- 2 BkA Fuel 



Back end distillation 
limited by T95, 

3'-ypicat WlrWn PIK,Pdc - Na. 2 D h l  Fmd possibly by cold flow 

Distilhre Aydrop~oces;siing 
Charmteefics ufDieseZ - More on Cetaw N~mber  

8 Cetane nnmber is a measure of 
ignition d&y in a fuel's comb&ioa 

Ignition delay is the t h e  bemeen &e 
start of fuel iuzjedkn and the start: of 
fnel c o m f , m .  

r Higher cetane number fuels will have 
shorter ignition delay periods than 
lower cetane nmber fuels. 

m CeWe number is determined from 
engine operation on a fuel blended 
from cetane (CN of TW) and a- 
methyl-naphthalene (CM of 0) that 
provides the same ignition +ty to 
that of the test fuet 



Disrrillate hydro process^ 
Chajract&tics of figel - More m 

CetaPte Number 

Swn and $mitit, Xlata from Bureau &Mines, 195f. 

Puckett aMi Caudk, Ind. Exig. Chem, p.7474 (1948) 



Distillate Hydr~processing 
Characterisfics of Diesel - M m  on Ceta~e Ntlnzber 

I N-paraffin have hi& c e a e  number that 
increases with mofecah- weight 

a Components with se~erd shorf: side chains have 
low cehne numbers 

naph&enes 
I Components with one side ehaio offour or and aroma tics 

carbons have hi* ce-e mmbers 
r Two or fhree aromatic riw hsed bgether have 

cetane numbers below 20 . 

Dis~llate Hydropr;acessing 
Charmte&;tiCs of Diesel -Cetane Iptdices 

m CeWe 1~pum.ber" is an engine test; ceeftme index is dc&W fmm 
@*her faboratory measured properties b dr ck 

.,&&;On h 
ASTNL W6-80 :  

b&r C & ? ~ ~  no 

(AH di iat ion points are ria OF) i 
E P D - m t o  
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Distillate Hydroprocessing 
Charax~eristics of Diesel -Cetarze Indices 

m Cetane number is an engine test; cetane index is calculated from 
orher laboratory measured properties 

API (Eqn 2BWJ-l): 

Cf = 6 5 2 6  -7.673*MI * 0.156 * Me4BP (OF) + 3503*APX*lq@%eB&P) 

Cetane Indices for Synhels 

Yea% an6 heenberg,  31a World Petroleurn Congress, P1)7(3) (3983): 
cr = ~ T S G ,  VBBP) 

Yui and Sanford, API Publication; Y98S Proceedings - Refining; JO* Mid-Pear 
Meetinf Val 64 (1985): 
cK=f @G,mO.-ePt) 

IPa-?? 

w D-tion (HDS) 
r Aromatic 5atusaG~n 

(AS AT) 
Ofefm Saturation 

r Ileni-cation @IDS) 

a EZydmeracking (CDW) 
r Xsonnerization (UDVV) 

r JDeoxygenation 
r Recombination 



Distt'Wate Hydroprocessing 
Charactm*s&s of Diesel - Sul$ur Compu,ltnds 

Benzothiophene Smbstitated Benzottriophene 

mbenzothiophe~e Substituted 
DibenzoWophene 

DistiIIatte Hydrup~~cessing 
SuEfir Compound Remiivity 

m Analyze for in&vidud d u r  components and 
eoncen4mtions in the feed and produds using gas 
ckomatography (GC) 

m Could vary the following & determine rate 4 

expression dependencies: 

W 2  partid pressure 

tempe17i~tore 

reaction time 



ReIative Rates Of lDesuifuruation 

Time {minutes) 

'Hydxodesuf~tion Reactivities of Various Sulfur Cornporncis in Diesel". Id. 



Distillate Hydr~processiag 
Aromatie Sa&zraCEaCEon 

Phenanthrene 

Dis~llate Hydropuceessig 
Arm& Sa3;rratz*urz 

i C ' E n & ~  of Aromatics HydregenaGon and predt.&an of 
Cetane Namber of Synthetic DistiElates7', Uui and 
Sanford, '"31985 heeedings - Refining; S" Midyear4 
Meeting.', VoE.64, API Publications [Reference 11' 

r 'LUpgmding of Middle Distillate Fractions of a Syncrude 
from Athabasca Oil Sands", Wilson and Krh, fie1, Vol. 
63 (1984C), p. 190-196 [Reference 21 



Properties of a synthetic distillate 
derived from tar sands 

“Synthetic diesel'' is 
hydrotreated coker gas oil 
derived from tar sands 

Note the refativeiy Iow 
cetane number and 
corresponding indices 

This cijs.ti&te is low in 

340 350 360 370 380 390 406) 430 420 

Temperature FC) 





D;istttWlate Hydroprocessing 
Aromatic S&r&a - Example 2 

Properties of an FCC mi cycle &I 



Source: U0P Pilot Plant Data 

Dis~llate Hydropr;ocessing 
Arom& S&I"@*OR 

500 3000 1500 2000 2500 3000 3500 

HZ Consumed 



D&H&e Hydroprrocessing 
Aromalic Sahration 

I A high degree ef distillate satnratioa he achieved in 
a single stage hykotreater with a base aneM eawyst 

u The maximum aehievablte cetane number for satmating 
highly cyclic f& 2s dependent on &emid nature of 
the aroxrm:tics CS inhe feed 

I Need weigh the economics of sa4aration -hydrogen 
co-ed aaid required utilities - versus cetane, gravity 
upgrading ftP &el!) 



Distillate Hydroprocessing 
Olefin S@ar&n 

,i,W B ~ b ' f * ' ~ ~  

B Olefin content typically measured by Brorxkine Number 
6 g r o P - 4 r .  w d  

Br Nu = Otefin Content (wt%) * 160 
SampIe MW 

Olefins in distillate range hydrocarbons usuaffy are from 
themally derived origin - for example, delayed coking, 
visbrMng or thermal cracking 

I H&My exothermic 
m mantita-tive sltufatioi is assumed 

I 

4 

gr. PJ" $1 

4 1 6. 

J : 

What is the olefin content of this distillate 
com.ponent? 

i 
R=s- 



I 

H Detedne h/n;V of this component by correlation 
Ol&m Content = f (MW, Br No) 

a MW = f (MeABI?, SG) 
I ' MeABP = f (VABP, Bistilfation Slope) 

Laboratory result by fZRNIS indicafes W w t %  
IPD--MI 

D&ilritIate Hydroprocessing 
De~zitnjCz,atZoa 

Basic Nitroaen 

Amine nitrogen species in diesel 





Increased N concentration wifl 
substantially inhibit S removal 
in ULSD production 

Endpoint of feed is increased 

Most refractor? species 
* coneen-tion increases 

More refractory species 
coneeatration (boiling 
between 4-MD33" and 4.6- 
DM1DBT) increases +Is% 

&lost refractory suifar 
species concen-tion i s  
three times higher in LC0 
than sbight-m diesel 



DistiIkte fl;i'drop~~o-oc esr iag 
iW@re on U ~ ~ S D  P ~ O ~ U C ~ O Z I  

B Understaading the chemical nature of the hydroprocessing 
unit feed is vitally important 

r Feed nitrogen eontent is a critical parameter 
I LkmHarimtion and deni-cation are inter-related for ULSD 

e Reduchg the feed endpoint and choice of diesel pf bhding 
eompment;s have signBc&nt impact on required 
hydroprocessing mit process condi2iom 
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Distillate Hydroprocessing 
Two-Stage 'Applications - Comparison of Dewaxing Technologies 

$ 

I 
Cataly2ic and Iso-Dewaxing Catalyst Activity Noble 

Pour Point Redrtctioa feC) i 
/ * Noble Metal o Base Merat ! 1 I i 

IPaWM 

D&t.iIlate Hydroprocessing 
Two-Stage AppEicatzcatzo.pts - Comparison of &waxing Techptolo(pjes 







Distillate Hydroprocessing 
Hydroprocessing Reacttons - Heats of Reaction and H2 Consumption 

r Aromatic Saturation 

HZ Consumption = 2.87 Hm3 H2 / zn3 ked f 1Iv% aromtjcs saturated 

Heat Release = 21S5kcaf / m3 feed / Ilv % aromatics saWrated 

= 750keaX f Nm3 f112 

Digalate Hydroprocessing 
HyHroprocessr"ng Reaabtts - He& of Readion and 32 Cuttsmphn 







' Distillate Hydroprocessing 
The Reactar - Heart of the Process 

Graded Bed ... 
r Collects corrosion products such as FeS, 

r Luw-activity hydrotreating catalysts for 
demetaxhtion of Ni, V, other metals 

m Silicon removal from deIayed coker Eght gas oil 

m Pre~ents foulixxg; dkigats increase in pressure 

I Prevents metals poisoning to the high activity 

Distillate Hydroproeessi~ 
The Reactor - Beart ufjthe Process 

* Design reactor flux &I- 2$400kg/m2-h 
Maxim= reactor FD - 53% 

How many beds? 
* K d t A T t o < W C  
E q d  peak temperatures 

I HOW many reactors? 
* Design reactor flux and I i c e m  specified 

LWSV sets catalyst bed length 
Reactor pressure and diameker set ibiclinw 

1200 to 2000mt reactor weight Emit 



Distillate Hydroprocessing 
The Reactor - H e m  of the Process 

m Minimum reactor inlet gas rate of 250 
to 330 Nm3/m3 feed 

m Quench rates are determined by heat 

r Reqrrired total gas rage to the reactor 
is deklrmined by the desired eablyst 

Using S i m u w n  to Determine Some Pertinent 
Reactor Operatiag Parameters 



of HS, m3, CWG~S 

i Salt coneatration in sour wager 

r Velocity 
m Washwater quality 
r Row distribution 
r NH, and H,S partial pressure 



Distillat@ mdvrocessing 
REA 47 Desi,oaa stfzd eerkiltif: G ~ S e b ~ z e s  

Inlet Temperature Below 200°C; 15% to 165°C preferable 
6.1m/s max for arbon steel 
9.Xmls max for days 
Same for tubes, and piping 
8% maximum in sour water 

Water injection 20% injected water remains Iln liquid phase 
31v% miaimurn wash water rate on feed rate 

Piping Arrangement Use Wmced We* & outlet 

B1est. REAC are Cadgad tri& carbon 




