| Device and nmethod for separating a flow ng nedium m xture into fractions
The invention relates to a device for separating a flow ng nedi um m xture
into at least two fractions with differing nass density, conprising
rotating neans for rotating the 5 flowi ng m xture for separating. The
invention also relates to a nmethod fot separating a flow ng nmedi um m xture
into at | east. two f(LaCtlgﬂs with differing SS devnsit,%/ The separatlon of
a flow ng medi“Uif AP aseparatinga flondng 'é‘g%l“f“c‘af"it‘b‘r‘?é.wl\%’tﬁ“ﬂﬂ? mxture is
here understood to nean a mixture of at |east one liquid or a gas which can
10 be m xed ﬁ%th soJid materi al g rts such s a powder or an aerosol.

Exanpl es ar ed "gHSFYLE Tkt Grelevig §>a§9naiaaﬁ$a ﬁmgulﬂf‘é‘wnmvftwﬁ.nap pi it d

mxture, a gasd stk WhKEWEEng ﬁasa'dbﬁkﬂ?@oﬁ@hbﬂoEﬂt%ﬁﬂdﬁﬁeané)fm $digthgandn xture
provided with one or nore addi tional fractions The separation of a

flowi ng nedi HAYVHERIGME PEsepyating d bamrention sith 1o varginssior wppmring i ons of

l'iquid cl eanyp@ing GfdaHed m%%e Ht&ﬁﬂbﬁ&u@%oﬁ&%ﬁfh cﬁﬁ”&%g%és@ﬁensf??par ation of
15 fractions Wltﬁ a great difference in particle size and/or a great

difference in mass density is relatively sinple. Large-scale use is made

for this pur PRSEp iRy &Q%m Iﬁ&ﬁliﬂn%ﬁxtufcli a (/@}E/ 'd%m@gﬁ)lﬁgu(ﬁl@ Q(guml n the

separati on of fractlons wth a smaller differénce in mss ensity use is
made of cheningdire sdpar endierstpod evheinqueiktaned] 2 teagepatigrid vye gechntlgues such

as sedi ”?(?t g%é 8&38‘%11%91% Mﬂfc Ll'cg?%]ﬂtsoﬂch ar o%!d@l L m {bsg{r E)?&l?l? %Srﬁge Jl arge

vol unes o umm xture parating chniq Ues A e | ess
econom ¢ andgaa@aamhyuza,l asgms/ilkwémlmm aquéfmmti hryxthret, e.mtl/sphd Beparcat i ng
fractions by11 % $:49 ts manitatlotn re (El eldt a oce55| ng

| arger vol uné ?O’rréf&”%ﬁﬁ% XEUP & e "‘H%’Oé‘ésoéwi 8‘”&8 G5t

vol um nous rélsﬁreymttﬁ ofmﬂowmglrﬁeduaﬁﬁﬁguﬁtlhﬁﬂi nis’(ahfhg&],ouﬁ)(hﬁnﬁdlib&s Anot her

t echnol ogy na ?S useif th def@ﬁpce mmasdnsM% he fractions
for separatit§ IGIOPR 0 lﬂﬂidf’ %Eng PERE PEIuE 8RO I EPHEI: ITRFPEORYL causi ng
the m xt1y e t@ibM@tlea bRaiffGaRE i pdiGee ke adky alppnaedifithnse heehiguRy i s not
usually sufficient]y selective to realiz separation of the desired
level in a Sh&tauvelymanpl frﬁ@ %ﬁr%%‘éﬁf“?ﬁ\?é“r‘fql s wagowfpli%sswpms to

i ncr ease, WIﬁlt}athdnrgna%aeézﬂvgeﬁiﬂﬂ@gapmahb@o%aens with Affalfcheir@uakd HmRf the
separation of fractions of a flow ng nmedium m xture. The invention provides

for this pur{sssly e savadeef shemiend sapppéing tealagres and/prescpirelingdpdniagpssyeh

as sedimentation and centrifugation. Certainly when processing large volumes of

20 medium mixture, chemical separating techniques are less economic and usually also
less environmentally-friendly. Separating fractions by means of sedimentation requires
time and, when processing larger volumes of medium mixture, makes it necessary to
make use of voluminous rescrvoirs, which is, among other things, expensive. Another
technology makes use of the differences in mass density of the fractions for separating

25 by applying a centripetal force to the mixture by causing the mixture to rotate in a
centrifuge or a cyclone. This technique is not usually sufficiently selective to realize a

separation of the desired level in a short time.

The present invention has for its object to increase, with limited investment, the speed

30  and the quality of the separation of fractions of a flowing medium mixture.

The invention provides for this purpose a device of the type stated in the preambie, also
comprising a means connecting upstream in flow direction of the medium to the rotating

means for physically increasing the difference in mass density of the fractions for



conprising a nmeans connecting upstreamin flow direction of the mediumto
the rotating neans for physically increasing the difference in nass
density of the fractions for 2 separating, a feed for the nmedium m xture
for separating which connects to the nmeans influencing mass density, and a
first outlet connecting to the rotating means for discharging one of the
fractions of the sepa q%ﬁg nedlun1n1xture The device is preferably also
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20 the outer side of the rotation. This is a separation which increases the options for use of
at Jeast one of the fractions relative to the mixture. This usable (“cleaned”) fraction may
still have a part of another undesired fraction even after separation (*be contaminated
with another fraction™), but this other fraction is significantly smaller than the presence
of this undesired fraction in the original mixture. The subsequent processing of the

25 medium results in an unexpectedly high separation efficiency without voluminous
equipment being required for this purpose (i.e. the device can take a very compact form)
and in which the medium only has to be treated for a short period. A device can be
given an even smaller form (with a smaller volume) if the medium mixture comprises at
least one gas fraction and the medium mixture is carried through the device under

30 higher pressure.

In a preferred variant, the rotating means are formed by a rotating assembly of feed
channels. Such rotating separators have the advantage that the average distance of the

medium from a wall (in radial direction) remains limited, whereby a desired degree of



and in which the nediumonly has to be treated for a short period. A device
can be given an even smaller form(with a smaller volune) if the nmedi um

m xture conprises at |east one gas fraction and the nediumm xture is
carried through the device under 30 higher pressure. In a preferred
variant, the rotating neans are forned by a rotating assenbly of feed
channel s. Such rotating separators have the advantage that the average
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be decreased within a very short time. This can for instance be realized by applying an
expansion cooler of the “joule thomson™ type or a turbine. Another option is that the

20 cooling is brought about by a cooling medium, which is for instance expanded in a
separate circulation system so as to be thus brought to the desired low temperature level.
The advantage of working with a separate cooling medium, compared to expansion of
the medium for separating, is for instance that this separate cooling medium can be
optimized for the desired cooling action. The advantage of a temperature decrease is

25 that the density of the fractions is affected hereby. Particularly favourable effects can
thus be achieved if the mixture consists of fractions with the same phase (for instance
gas/gas mixture or a liquid/liquid mixture), at least one fraction of which undergoes a
phase change due to the temperature change such that the phases of the fractions for
separating differ from each other (whereby for instance a gas/liquid mixture, a gas/solid

30 mixture or a fiquid/solid mixture results). This phenomenon of phase change of a
substance as a result of temperature change is of course a generally known
phenomenon. The present invention is however based on the very advantageous
combination of the phase change (or in any case change in the difference in mass

density of fractions for separating) combined with the subsequent separation of two



the medium for separating, is for instance that this separate cooling
medi um can be optimzed for the desired cooling action. The advantage of a
tenperature decrease is 25 that the density of the fractions is affected
hereby. Particularly favourable effects can thus be achieved if the

m xture consists of fractions with the sane phase (for instance gas/gas
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20  are the separation of an air/nitrogen mixture, de-aerating or degassing of wafer,

dehydrating of air, cleaning of natural gas.

The invention also relates (o a method for separating a flowing medium mixture into at
least two fractions with differing mass density, comprising the processing steps of: A)

25  supplying a mixture for separating, B) physically increasing the difference in mass
denstty of the fractions for separating in the mixture for separating, C) causing rotation
of the flowing mixture for separating, and D) discharging at least one of the separated
fractions. By means of this method the advantages can be realized as already described
above on the basis of the device according to the invention. The method can be

30 performed with a relatively small throughflow device since the separate processing
steps can be carried out within a very short period of time {processing steps B and C),
individually in less than 1 second, usually in less than 0.1 second or even in less than 10
or less than 5§ milliseconds. This makes lengthy processes, with associated devices

which are dimensioned such that they can contain large volumes, unnecessary. The



the environment. This will be further elucidated hereinbelow on the basis
of further devel oped exanpl es. Sone exanpl es of possible applications of
the present invention 20 are the separation of an air/nitrogen m xture,
de-aerating or degassing of water, dehydrating of air, cleaning of natural
gas. The invention also relates to a rethod for separating a flow ng nedi um
m xture into at  least two fractions with dlfferlng mass density,
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suppl i ed dUI’deII] Yhstance CO, and H,S) are separated from the fraction of hydrocarbons during

20 processing step C) such that the fraction of hydrocarbons with the contaminants at least
partly removed is discharged during processing step D). The reserves of natural gas
which can be recovered in economically cost-effective manner are limited since a
significant part of the technically recoverable natural gas is contaminated with
unwanted gasses. Certainly when they occur in the natural gas in tens of percents, it has

25 heretofore not been possible to separate these contaminated gases to a sufficient extent

from the hydrocarbons in economically cost-effective manner.

The present invention will be further elucidated on the basis of the non-limitative
exemplary embodiments shown in the following figures, Herein:

30 figure 1 shows a schematic view of a device according to the invention,
figure 2 shows a schematic view of an alternative embodiment variant of a separating
device according to the invention, and
figure 3 shows a schematic view of a second alternative embodiment variant of a

multiple separating device according to the invention.



15 processing step A), and during processing step B) the tenperature of the
natural gas is lowered as a result of expansion to a tenperature | ower
than -50C, or less than -60C, whereby the fractions of contan nated
substances present in the natural gas, such as for instance CO2 and H2S,
at | east substantially change phase, which contam nated fractions (for

i nstance CO2 and H2S) are separated fromthe fraction of hydrocarbons
during 20 processing step C) such that the fraction of hydrocarbons with
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fall in pressure the erature of gas will
pump 11 such lhat the liquid CO, and HgS are dlschal ged as accordmg to arrow P3. The

gas leaving rotor 7 thus has CO, and HaS at least partly removed and leaves device 1 as

20 according to arrow P as cleaned gas.

Figure 2 shows a separating device 20 to which a gas mixture for separating is supplied
by a feed 21 as according to arrow P, In a connecting turbine 22 the mixture is
compressed in order to then enable more efficient cooling of the gas mixture in a

25 connecting heat exchanger 23, The pressure increased by compressor 22 also makes it
possible to have the whole device 20 operate at a higher pressure level (for instance 10
to 50 Bar), whereby it can be given a more compact form than if this compression step
were to be omitted. After cooling of the mixture in heat exchanger 23, the mixture is fed
to a turbine 24. Owing to the pressure-decreasing effect resulting from turbine 24 the

30 temperature of the mixture will decrease such that a fraction of the mixture changes to
the liquid phase. In the cyclone 25 connected to turbine 24 the liquid fraction will
condense on the baffles 26 present in cyclone 25. The droplets falling from baffles 26
are collected in a drip tray 27, from which the liquid fraction is further discharged as

according to arrow Py,. The gas fraction leaves the cyclone through a central outlet 28



instance to a tenperature |ower than -50C) such that a part of the
fractions present in the gas changes phase. A gas/vapour m xture 5
(aerosol) is created as a result. This gas/vapour mxture 5 is carried

t hrough channels 6 of a rotor 7 as a result of the rotation R, whereby the
vapour condenses agai nst the sides of 7channels 6 of rotor 7 which are 15

renote froma rotation shaft 8. condens vap es otor 7, as
i quid dropl é‘?éccﬁ%l&nt‘)t“ﬁ%w&’ﬁgtr”é‘ﬁagttéewfsrp %(‘?ﬂ}ed?ltx 3310 ﬁ/%b‘l’%it s 9,
whi ch consi stmdr@m gan&RRcemedd |iquid CO and HZS, are collected in a basin

10 which can be enptied by neans of activating a punp | 1 such that the
liquid CO2 and H2S are di scharged as according to arrow P3. The gas

| eavi ng r ot OrFiglird huevkas/idrs @ﬂdrtltﬂa&lﬁrauhgasmcepmtbIuyndherml\xexﬂe and | eaves
device 1 as 20 according to arrow P4 as cl eaned ure 2 shows a

separating dERAERNSE LEPNEH 2 Ao HIQY &t AfiE 08 E;%l?faﬁ?? WIE IEYETTed by
a feed 21 as 3aGa0h& B&hIdOMAIEONY ©.a thiBid 30QDRARGEIMo b RiIPIE AZZ; t he mi xture
is conpressed in order to then enable nore efficient coaling of the gas

mxture in aPeBingshAwEtTRenadhe BRéHaTgEY oY srvHe Bifesagsieheiastased by
conpressor 23.als Qf{‘i@lﬁ%&:dnE for@&%u?du% 1R tg@\éﬁ]eﬁﬂﬁc @i}(ﬁwfjr%i/a'tlﬁgs%ﬁra@ﬁer ate

at a higher pressure level (for i1nstance 10 to whereby it can be
gi ven a nor e 3gohPestionf instance Isagsoist fredtios leapepppayng ma@toe 93 thyigurek ap euik

?g‘dt t teg a@‘{ L?%F%gcgégﬂl%&mfm&\D%ggnh)%&ﬁlg ﬁjaarolﬁ??otr 1 {‘z&@@{'&ﬁﬁ h«%ﬁd ﬁ%&ﬁ)nm xture is

ressur e- decr easi ng ect resulting
from turbi nel@aeStrhEtlmepameB&thmh@fseQOhéomﬁexﬁﬁra&aaomﬂdlngd@@r@aga Such that a

fraction of Lhg,fiXiibe tggmg?osa&og@ bind 10Hach BRAREcrbiliol BPSVELRRE 25

connected to I ne ion W | ense’ on affl es
26 present i memy@ Iucbnae aZ‘énev?éldeewcmpg etwedsadldes plgca‘ foothe lpafpbbed s@Gratmges
ction is further

collected in a tra 7, fromwhich,the uid fr

di schar ged agccoﬁ%l%%]lﬁé Pt%b‘i %arsrﬁ(?ﬁ’“\gr](lwﬁlf‘ghﬁ?é’ Oégg”yfl%%ett R EdVES  the cycl one
t hrough ascentéiih apulkdagy se%ﬁra?ed iagot@Qaeshiraig 130 redialdsy AlRe seéoﬁdylp;uﬁtxial fl ow
speed of the nrxture S ‘tQ lﬁ_nﬁtres/s conﬁldh nore i.n H | ar 10 nm's.
Fi gure 3 shofactenyiugh ggs ip PSR Pt H Y& T eE ﬁ% PGift’ch a mixture
for 5 separ atdpR@itedsn IRtk QkiDScpRAN TH. MHe fiQui@Fra@WnRanuatdf hesaggol i ng of
the m xture in a cooler 31, the now cooled mxture flows to a turbine 32

as accor di ngSeParay B o paied b,g&;lf tgrheat exchanger 31 through a return conduit 38 as
according to arrow P36 in order {o increase the efficiency of heat exchanger 31. In heat

20 exchanger 31 the liquid fraction coming from the second rotating separator 37 functions
as coolant before it exits device 30 via an outlet as according to arrow Pi;. It is noted
that instead of the second fraction (P34}, or just as the second fraction (P34), the first
fraction (P33) leaving the rotating separator 33 can also be subjected to a renewed
separating process by means of for instance a turbine, not shown in this figure, and a

25  rotating separator connecting thereto which connect to outlet 34. Renewed separating of
already separated fractions can optionally also be carried out more than twice in

succession.



passi ng through turbine 32 the mxture, with now a greater difference in
the mass density of the fractions for separating, flows to a schematically
shown rotating separator 33. Afirst, for instance gaseous, fraction

| eaves rotating separator 33 through angoutlet 10 34 as according to arrow
P33. A second fraction (for instance a cold liquid fraction) |eaves
rotating sepgfﬂ;or 33 through a second outlet 35 as according to arrow P34.
The second fraction is then fed to another turbine 36 and a rotating
separator 37 connectlng thereto, where a renewed separating process t akes

Fraction (unich iy e il o b e e g te Dutor el Ton sl reaay
separ at ed |nﬁ&nbmﬁmﬂgﬂﬁémq&am@ﬁuﬁay(bemﬁmngng in the second liquid
fraction, mhlch fracti h ther with t eous fraction
al r eady separat %“WH“Pﬁgsgn;ét§$3ré?%ﬁ§”%%gﬁf59 P“%ﬁ*“Qﬁégﬁﬁagid fraction

separated in rotahmngs(QEQﬁnﬂmmg;ﬁﬂhhﬁnﬁﬂﬂmme¢mQQQKnmg heat exchanger 31

through a return condU|t %% according to arrow P36 in order to increase
the efficiency of "Mdht %ex %ﬁﬁéﬁmﬁﬁ“”%hm Ban ARG e Imedian (9 qui d

fraction com ng fifaMatiRemsesenNAsr ot atl By SERLALRNInSasiidNed difASnceds cool ant
before it exits device 30 via an outlet as according to arrow P37. It is

noted that |nstééﬁs@W“ﬁﬁgkge%%ﬁﬂwfmhﬂWWéwﬁ(P34) or just as the second

fractiomg P34)., % m@edéﬁ JAY for fﬂfc@ﬁédugﬁ‘ ofi B30l LAMANG WG, LO‘HB@H& B9 Separator 33
can al so be subjected to a renewed separating process by neans of for

i nstance a turb|ﬁ@m“détbgﬁ%ﬁﬁ)Wﬁuwﬁvngﬁgéﬁéﬂyah@ a 25 rotating separator
connecting therQiQwMﬁhQﬂzﬁﬁﬂﬂﬁﬁﬁuﬁﬂ%RHh%ﬁﬁmégggﬁﬁﬂﬁwqg:Begfrgihﬁg of

al ready separated fractions can optronally e carrie nore than
twice in succesdihmzing onChhihmbratiionPelihe eepptated20:di@0nitae. separating a

fl ow ng mediy o at least two fractions with differing mass
density, coﬁp?%%%%ﬁaig‘hgg otating neans (6,7.8 ; 25; 32, 37), forned by a

rotat|ngSassbﬂbtysG#E#é@dmﬂdhaﬁmebﬁyo qmmgnmxmﬁabmmgnhhackhgmuﬁgmnlxture
L0 2ot o s A0 oo ) wERRL PR R eP o
physi cal |y itimc rhealsmmge wilegrda té:f aff@moe i the mass density of the fractions for
separating has to flow from the means (4, 24, 32, 36) for physically increasing the
difference in mass density to the rotating means (6,7,8 ; 25; 32, 37).
20
2. Device (I, 20, 30) as claimed in claim 1, characterized in that the device (1,
20, 30) is provided with a second outlet (35) likewise connecting to the rotating means
(6,7,8 ; 25; 32, 37) for discharging a second component of the separated medium
mixture.
25
3. Device (1, 20, 30) as claimed in any of the foregoing claims, characterized in
that the means (4, 24, 32, 36) influencing mass density comprise expansion means (4,

24,32, 36).

30 4 Device (1, 20, 30) as claimed in any of the foregoing claims, characterized in
that the means (4, 24, 32, 36) influencing mass density comprise cooling means (3, 23,

3,



mass density of the fractions for separating, 10 - a feed (2, 21) for the
medi um m xture for separating which connects to the neans (4, 24, 32, 36)
i nfluencing mass density, and - a first outlet (28,34) connecting to the
rotating neans (6,7,8 ; 25; 32, 37) for gdischarging one of the fractions
of the separated medi um m xture, characterized in that 15 the nmeans (4,

24, 32, 36) for I Yadyaere t he di fferenc ensity of the
fractions f O§ Segg%‘(if%%? ﬂO 3(3 as (. ngalknfn‘x 3 cmfihecharix zil.?ntéi "r]r?aia g]{,( 6,7.8 : 25

32, 37), so utmagnmms(hﬂ&thMeummﬁmqgn@anﬁm(ﬂmﬁﬁﬁp@mmerMﬂn¢MB%nﬁss%denS|ty

of the fracti 9 ratin as to flow fromthe nmeans (4, 24, 32, 36)
for phyS|caIP9ﬂ“hé ] “(ﬁg“’gVP Wrence in mass density to the rotating

nmeans (6,7,8 ; 25; 32 37). 20 2. Device (1, 20, 30) as clainmed in claim1,
he devi c i rOV|de$ wi.th a second

characterj zed in that I, 20, 30) is
out| et (3§5 éju kev()“‘s‘@‘)d %h??@&‘f‘ﬁ“%g“ P%‘"t’%@“?’éﬁt“a&“ "Hej’ Wﬁ’aﬁé“““ gopaglionsygth 35 = 37)
for di schar giiffgig 1ﬁ@caadltpaﬁmpﬂeﬁg111@'5)1&&@11@@@9{& ed rredl um mxture. 25 3.

Device (1, gg 30 as cl alqp in any of the foregoing clainms, characterized
in that the*h¥R §médlm§%“’ ?“Pééwﬁinfluen0|ng mass density conprise

expansi on neRhykidaily iddeasB2 thefereiRQ iftmalRMAEE of the FLiiord Rr s@-ﬁdl&tlr@zﬁmd in
any of the foregoing clains, characterized in that the neans (4, 24, 32,

36) |nfluendpﬁ@”ﬁﬂé‘“d@h§ﬁwy conprise cooling means (3, 23, 31). 9 5.

Devi ce (b, 2@1&13@1)5, t%ﬁ!ilglll @ftﬂ@ﬁox'vﬂg% ;ﬁ\afésloﬁsc ] Qmﬂym 9&%‘13@%1@15& &g | §is.that the
cool i ng neans 31) are disposed ream of thé& expansi'on neans (4,

24, 32, 36) % 7)tﬁ<féﬂ<%ﬂ etolagng eﬁselfﬂpimwf &thlh@nﬁ‘eﬁa)mﬂ 5 6. Method for

separating af|iQwng, Tedid B Pt defark @l Radlonk €aSt two fractions with
differing mass en5|% conpri si ng the processi ng steps of.
characterized i m that

the mixture with greater difference in the mass density of the fractions for separating
15 flow provided during processing step B) flows to a separate location where the flowing

mixture is caused to rotate for separating according 1o processing step C).

7. Method as claimed in claim 6, characterized in that the mass density of the
fractions of the mixture for separating is increased during processing step B) by causing

20 the mixture to expand.

8. Method as claimed in claim 7, characterized in that the mixture is cooled

before the mixture is separated during processing step C).

25 9 Methad as claimed m ¢laims 6 and 7, characterized in that the mixture is

cooled before being expanded.

16, Method as claimed in any of the ciaims 6-9, characterized in that natural gas is
supplied during processing step A), that during processing step B) the temperature of

30 the natural gas is lowered as a result of expansion (0 a temperature lower than -50°C, or
less than -60°C, whereby the contaminated fractions present in the natural gas, such as
for instance CO; and H,S, at least substantially change phase, which contaminated

fractions are separated from the fraction of hydrocarbons during processing step C) such



A) supplying a m xture for separating, B) physically increasing the
difference in mass density of the fractions for separating in the m xture
for separating, 10 C) causing rotation gf the flowi ng m xture for
separating in rotating neans (6,7,8 ; 32, 37), forned by a rotating
assenbly of feed channels (6), and D) discharging at Ieast one of the
separated fr [ greater

dl f f erence | ﬁlql Lpnﬁ%lggggeﬁg(?caﬁ)oh} \%ﬁ]hlh% Ll(-)lhglﬁ‘tincollpllg iifk,‘?( @11 alr'_bg 0.\ C{ 15 f | ow
provi ded durMﬂ@dp&@d@ssmmgxsmepﬁﬁ»DfIoms to a separate Iocatlon where the
flowng mxture is caused to rotate for separating according to processing
step Q 7. Method as clained in claim6, characterized in that the nass
density of the fractions of the m xture for separating is increased during
processing step B) by causing 20 the mi xture to expand. 8. Method as
claimed in claim7, characterized in that the m xture is cooled before the
m xture is separated during processing step Q 25 9. Method as clained in
claims 6 and 7. characterized in that the mxture is cool ed before being
expanded. 10. Method as clainmed in any of the clains 6-9. characterized in
that natural gas is supplied during processing step A), that during
processing step B) the tenperature of 30 the natural gas is |lowered as a
result of expansion to a tenperature |ower than -50C, or |ess than -60C,
whereby the contam nated fractions present in the natural gas, such as for
instance CO2 and 1-125, at |east substantially change phase, which

contam nated fractions are separated fromthe fraction of hydrocarbons
during processing step C) such 10 that the fraction of hydrocarbons wth
the contam nants at |east partly renoved is discharged during processing
step D).



