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V., D,H,D. (DEEYDRIERUNG-HOCH-DRUCK) PROCESS.

(i) Desoription of Process and leuns operating resulta,

The DHD process was developed in Germany by the I1,G.
Farbenindusiie A,G, for the ocatalytic debydrogenation of
: nsphthenes to mromatics and was intended primsrily for the use
F on hydrogasolines, The catalyst employed is 109 molybdic oxide
[ on alumina and the reaction is carried out with recycle
hydrogen under a pressure of 30-40 ata at a temperature slightly
above 500°C, ‘

Two DHD units had been coupleted at Leuna and one of
them had operated for 3 months, Two further units were in
course of erection,

The mothod of opereting the process is shewn in the
simplified flow diagramsin FigeXIl.and XITI,

. Full boiling range (IEP-185°C) hydrogasoline is first
fractionated to remove, as an overhead cut, the lower bolling
material boiling up to 85°C. The bottoms from this pre-
Practionator are mixed with recycle gas containing 55-65%
hydrogen. 1 cu.m, of recycle gas is used per kg. of liquid feed.

The mixture of gascline and recycle gas is first
preheated by heat exchange with the product from the end
reactor; then by heat exchange with the material from the
fourth resctor, and finally by ceonvection heating to a four-
charber convection heater, The pressure at the inlet of the
first exchanger is 42 ats, and et the inlet of the first
reactor it is 37 ats.

The feed enters the first reactor at 500°C and passes
downward through the catalyst bed and leaves at 450°C. The
i mixture is then reheated in one section of the heater to 510°C,
Pt and enters the second reactor under 34 ats fressure, The
material leaves the bottam of the second reector at 490°C, is
reheated in s third section of the heater and enters the third
reactor at a temperature of 520°C and urder a pressure of
31 ats, The sutlet from thias reactor at 510°C is again
reheated in the fourth szection of the heater and enters the
fourth reactor at 530°C under a pressure of 30 ate. Each sectiom
of the preheater has its ovm burner and indeperdent fuel gas,
air and recyecle gas supply. At the outlet of the fourth reactor,
the dehydrogenstion reaction is completed. The effluent from
this reactor at 530°C, is cooled to 300°C by heat exchange with
the fresh feed and pasges to the fifth resctar for hydrogenation
of the olefins., The effluent from this fif'th reactor exchanges
heat with the fresh feed and passes through a cooler to &




recelver fo thw seprration af'thnmfrmthum fhe gan
is prinoipally pathane sod hypdrogen wi

littlm & ~one At the begiandng of the ayclo, the gas contains
uhmtﬁﬁw,nniutthnmﬁ the _

The dennity off the recyoles gaa at 15‘0@?}51::.11@.35—&.&5}:;
Per culde pete, A part of this gas is rooyoled with the frosh ’
Powd ap mxplainsd shove, and the recaindsy remcwsd fram the
sysien an tall gan,

Tha liguid product fram the receiver ia let dcwn,
fraoticnated o remowe the beavy materials and then semt to
a atabiliser alang with the IBP=85°C out froe the indtial aherge,
In the stabiliser, the ethane to butmw jroduct is taken overhbesd
and the DOD gasoline is meds ax botioos,

The total hydrooarben gas made 1= purged from the
alrculating gas and evolved on lat down of the liguid
Froduct and on its mibeequent atabilization mwounts to 13-20%
by weight of the arigina) hydropetrol, i.e. abeut 25% by weight of
the naphtha fed to the prooess. The gas is comprised of roughty
equal propartiona by weipht of mathane, ethans, propane amd
Butana,

Tha catalyat used in a1l five reactors i® astive alumna
on which has Deen depomited 8-10K NoOz, It im prepered by +the
impregnation of activeted alumina with ampendum melybdate solution,
Tha catalymt is used in the form of 812 mm, cubes amd is Flaoed
in the reactars in s singls bed. It wea arlpdpaliy plamed %o
operate the DHD unit with m 11@id space wepeity of 0,38 ko
of liguid per Litre of oatslyst. In actual operation, spacs
velocities of 0,25-0.32 wers the higheat obtalnable, T
length of the op=-wiTess crals on the oatalyst depands upon the
aharge astock apd weries from 120-240 haga, Ths regengration
%:r:i.n& vwith the necassary mmging speration reguires abouwd

[ ™

At the e of tis m-otrerm cyale, the reoactors &re
firat deprossured and £i31led with nitrogen 16 10 stmosphores
Fresaure, dopecemrod sgadn amd fi17sd with attrogen to 70 ate
preszmyre, The regyois cospresfior is then started and air is
adnittad {o the réayols gas.sivems wrill the aryger aontert et
the lnlei of aach reschar resches 1%, 20,000 cu.m, of Zan
@re recyoled per hour tdrongh each resgtor, The nomal tioe of
regenecation ie about 72 boura. Oxygen comnsentration in the
recyole gre is contralled tu Lold the regenarstion teoperatnre
to slightly lesa theq 540°C, Duriog cegensration, 1 cu,o. of
wetar ie added per bour, sither st the second heat exchwnger cr
at the coolexr, for removal of acidio oomponrets produced during
regeneration. In amwe casea, 1t hes been necesgmry o use dilute
cauntic at this peint. Tt is reoeamnsry to remove S0 E TReT
Ldicdde completely from the reecycle Ea2, mt the oar Gl coridm
consentration can go up to B-13% without harrd®s] ePfeata, at the

OSSP TLEVERTICA N1 N NS S

oo

AL e e

ot el T g WP L S

R ] L LR T IPE BRI Sy B



TABLE ¥,
LEUNA D,H,D, PLANT

PROPERTIES OF FEED AND FRODUCTS.

0-85°C 859-480°C |Stabilised [Finel DED
F[.ight Petrol |Naphtha feed D.H,D, Petrol
to D,H.D, | Product. Elend
Process. '
Aniline Point 52 L5 1.6 6.9
Aniline Point
after treatment
& with sulphuriec
1 mid. 55.&- - 63.2 61 .0-
" Wt.% aromatics 4.5 9,5 66,0 52,0
X ¥t.% Naphthenes 46,2 51,2 7.9 Upody
e | Wt.% Paraffins 48,7 38, 1 25,9 33,0
Wt.5 Olefines 0.6 1.2 0.6 0.6
Motor Method
i Octane No, 135 52,0 82,5 80.5
Motor Method
Octane No, with
0.12% by vol.TEL. - - - 91.5
| -30A-

3590




TAELE VT

PR D.HE.D -7

(Baced on Warka Qosta for Jat Qr,, 1944) J

Lost :
it |mifmit g T
A, Miteriala . i
1) Petral vocna [ 170,160 13,35 205 1w [amegg
2) Catalyats & 4
Chenicaln, B 200y }4@
3) By-Produats i
Cire,Goz Purge Géﬁm 7.00 | 1.2 %48 1.467 | 10,2]
Rich Qen # 11.5?" 0.5 | 232,68 2,118 | 24,
EEﬂ..i.B‘tilln. 3 Tonns 1':‘:“% ﬂqil-? M ﬂlml-g h‘
B, Ruaning Costal>) i
{Bee Table ¥I) 504, 264 f1.
Production Gess 2,68 B, 515,549 1,000 | 2590.
C. Loading & Evaporatis Tame 50| 3.65 29,080 1 oo 3.q:
D. fmocogts 262,56 2?.1j
Werks Goot .68 12,507,250 1,000 {2500
witamt converpien i
and oil taxes smd

sther special coats)

{1} This cost hus been talen fran Teble I.

(2} Butane end Eropane in Rich Ges vilaed st Motar Bpiris
valuaiiun less eo=t of sscaratiorn,

(3)Hi=nstimeted that for & DHD Stalls, %he running eoata ;
would e L2 BEM/Tne DHY Petyol and the Worke ¢ost, j.
270 RM/Tne LFD Petrol, !

- 4% i'




IABLE VII

- BUZID-UP OF RNNING COSTS FOR DHD PETROL.

Labour Costs
Wages ' hrs,
Salaries
Socisal Insuranoe

Energy Costa

Water M5
H,P,Stean Tne.
I.P.Stean Tne.
L.P.Steam Tne,

H.T.Electrioity XWH.
L.T.Electricity KWK
Fuel Gas 10° Tne.Cals.
Other farms. -

Repair Costis
Wages hrs.
Material
Workshop and
¥aterial on cost.

qu@g Materials
Traffic Charggs
Works General Charges
Capital Gharges
Writing off
Obsolesceonge

Taxes

Yarious Costs

Credita

TOTAL:

Cost per hour Pex Tne Dib Pe . ]
Quantity R mti}x R

. - "
21,76 25.52 2.25 2. 74
71.07 0.73
2.31 0.21"
163,65 16,91
805.38 13.35 83,20 1,38
21.43 6744 2,21 6.97
9.76 20.1Q 1.01 2,08
5.63 13.41 0.58 1.39
1,881, 31 2647 194.35 2,73
267.52 5.23 27.64 O, 5
16,461, 04 58.13 667.46 - 6,01
0,28 0,03
43,17 2208
13.19 15.62 1.36 1.61
6.98 0,72
26,57 2.75
1. 71 0,18
Oul 0.02
20,04 2,07
297.2 0, 70
192.78 19.90
104, 51 10,80
20,88 2,16
6,01 0,62
Q. 0,02
594,26 61.39

- 3%C -




end of the rogenmration oyole, the inaprt gas in swtewed in
o¥linders for re-ums n ihe naxt regensaration. The catalyst
chaxbors are deprassured aad thep filled with the reguler
recycle gas from Btorage for the aubasquent on-strean cynla,

,Eéﬁ ﬁ-\.n..-?'i:.a -- T .-- - 1

n

The roactors are the ususl high presmoe resction :
vengele baving a flanged top hesd. The inaide Hameter af the |
reactor is 1320 m, The first reactor 4n 11 medres in length
anel the remaining four reastors mre 13 motrea in Length, The
reactara are lined with fireteidk in arder that the cuter Teastop
wall temperature does not sxoesd 2009C, The exchangers ace
ecnventional tube and shall units with the fresh feed in the i
zhall in all camep, The conmection heater anploys flue gas
recirculation and all heating is done by sonvection beat rather
than Wy radiant heat, The frecticnating syaten is the ooiven—
ticnal Tubble plate btoser type.

The finished dentamized [HD gaszline, widch includes
frent epds fram the gascline charge, oontaina 50-52% by
welght of sramatizx., The cotane mugber 1s 80,5 CFE motor
method, It appears that ocme paraffina ave comverted to
avomatics 1n the progeda, Uther properties of DLHTL ploant
feed materielz and prodvots sre Eiven in Tshia ¥,

(1i) Coata,

ALLE T

Dr.Pichler provided $he following occet dats for the
LD proceas.

The Dasic flowahest esmued for the cost ealoglatisn
iz shewn in Fig. IIT .

Table VI soalyass the coot of wamfacture of DHD
gascling in twwuws of rew materisl charges and oparating aosts
shews the aredit far hydrocarbon gas,

Tebla VII Fives a treaxdown of the operating coata
wd providea the data .n labor requiresents y utilities
emmumption, ete, for caldenl:bion of the costg of the o eonna
cpereted in T,5.4. o Srited .,
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