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The cracked gas or coking removal gas, which is discharged at high velocity from
the cracking furnace, generally crosses a transfer line into an axial gas entry
30  chamber and then, from below, into the quench cooler, where it collides against
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25  aheat exchanger tube. This solution offers no gastight closure between the
individual cuboid-based elements. This would lead to buildup of coking residue in
the empty spaces within the quench coolers of an olefin processor and destroy
the materials. In addition, the ends of the nozzles which are used would form a
tearing edge within the tube which, considering the high flow velocities within the

30 quench coolers, would result in heavy turbulences. This would result in additional

erosion.
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manufacture, assembly, and repair and often creates problems because of the
differences in material characteristics such as thermal expansion coefficients and
25  varying levels of elasticity (brittle vs. ductile). In addition to these issues, inserted
ceramic nozzles also have the problem of turbulence and the accompanying
particular stresses to the materials at the rear end of the nozzle (from the
perspective of flow direction) associated with the tearing edge located there.
Contrary to the design laid out in DE 195 34 823, installing a lining consisting of a
30 fireproof mass positioned solely in the focal area in the center of the tube plate
has been shown to be impractical because the resulting inconsistent surface of

the tube plate, in conjunction with the variations in material characteristics,
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the?]figh-velocity gas flow would be decelerated and in part deflected outward in a
radial pattern, so that they would then no longer contribute to erosion damage on
the tube plate and the tubes. However, an undesirable differential pressure and
the associated increased exposure time would result with fittings of this type,
meaning that there would be a yield loss.

This invention takes a different approach, in that it attempts to provide an
effective wear protection by applying a metallic lining to the tube plate and to the
entry space of the cooling tubes. Erosion at the inlet side tube plate and in the
cooling tubes made it necessary to periodically shut down the quench cooler for
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through which the gas to be cooled is circulated, each tube being secured by a

25 tube plate at both ends of the tube and enclosed in a casing through which a
coolant material is circulated. (2) The surface of the tube plate on the gas inlet
side which is impacted by gas as it enters the shell-and-tube heat exchanger
should be faced, at least partially, by a protective layer which is created by
aligning individual sieeves side-to-side and end-to-end at the outer edges and

30 inserting the tube ends into them (Fig.1), typified by the fact that the insert

sleeves are created from a heat-resistant metallic material.
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20 inlet sidiegFigpf1)t he tube cross section. The tube's length
axis is then threaded through the center of the plate

surface. Logically, the drilled hole nentioned above
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the geometric relationship in which the individual cooling tubes are positioned
relative to one another. Suitable individual geometric shapes which would create

25 a solid, continuous larger surface when positioned next to each other would
include, for example, triangular surfaces (especially isosceles, where all sides are
the same length), rectangular surfaces (especially squares, but diamonds or
rhombuses would be appropriate), and hexagons (especially those where all
angles and sides are identical). If the tubes in the shell are positioned such that

30 the top view looks like a grid network, where each tube marks a grid intersection
and where the grid is square, then it would be preferable that the plates of all the
sleeves would be square.
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installing metallic linings instead of linings created from ceramic or other fireproof
25 . masses, especially since common methods of welding in earlier times were

difficult and expensive and did not result in satisfactorily long operating times.

This invention is also based upon the realization that metallic materials which
have been adequately tempered against high temperature corrosion through

30 specific conditions—in other words, on which corrosion products are not
constantly being formed on the surface—are then also sufficiently resistant to the

purely mechanical stresses of abrasion. Because of this, the preferred materials
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10 hase&{eld ﬂgeft{atﬁrﬁﬁo‘fﬁé @o?lmg tfu'b%UMw c‘ﬁr}ﬂlgﬁ’fp@s{h‘-’rﬂ i¥ Quditerftiedand

in satis oril Eeratln tInES
mafEmiab eiasiemwitbin the cabing tbbhee etm‘@irpftt e tuleeywhich isghagatht

2o el R AR Bt sk BaPE o rr odi on ¢ hr ough

30 specific conditions-in other words, on which
rr.0S

s S3GHGT PGB AR e G AT PR 1RO PP BT

15 invér:titﬁanh@liﬁ ﬂﬁe/hfdmlb?iﬂy Cﬁihe&hé%&e&am‘rlamlatmfwhlcllﬁwmuam
of this, the preferre teri 07/.00644
constrrctesh Jhis BOkas & ppsgfgée c?]eti)ﬁesll%qvlﬁs 0the cooPng e ina
sectPé LA IBRtIRESISESEH lﬁ,ﬁﬂgoé{%lmﬂép&ﬁrhﬁidnypr@bé@dmb such as rolling.

containin chronme and kel d I B f
in adsiian @ PH0) e, Prosass of Rughlk ESEN sl Begied. - ©

outlined here, austenitic steels are espeC|aIIy
preferable for use in manufacture of the inser

20 The pisserialTharaciedsticstaf the insertslagvasonakalit Rpssitie éQ\PerMC@ the

sle%‘(é {vg 2 tHﬁewﬁh QENiER flitha APRTizes IR ?@}'H ioPlo frteéhnﬁ’@@dge at
order to prevent a tearing ge

thef appusitg et dffibe tue frewndheffacmeAlsm,eaaV%ryatblﬂ wall whlch is firmly
attached to the cooling tubes will have only a very minimal effect on heat transfer
and the cooling operation of the THE will not be impacted at this point.

25
In comparison with the current state-of-the-art technology, this invention exhibits

the following advantages:

- Compared to ceramic, the elements or insert sleeves, are very robust and
30 do not need any special protection against bumping or falling.



10 has been inserted into the cooling tube, which

wo 2007/006498 ght result in turbul ence and material erosion PCT/EP2006/006440
within the cooing tube, the end of the tube which is
pl aced against the plate is attached to the insert

T 2! Rt ISR AT RS E OBk urger e
i N deh $tesinelsi whéry cefantibés mm#mongatmlrahsormjuhleﬁs
ot tecauTs edhnsBEtnherfiut Benhdrcodbg tuht aROSkastub8 s

anGhot 8Binpsted SintiEHhE rldBmQ g:rmyaramubeasteam@takes pLeuThis
such as rollin I n, additi orollin ocess

5 of MSANthet the g@F@ﬁ? @awwagg ftegé%Pa'rch'%h@ ﬁﬁ?@ﬁgff%ﬁo

chara@besiytisecoRiers Wath dsdting tﬁbé@mﬁ:mﬁé béerpmseézdea in
to produce the sleeves with a thin wall

f uinteeral diametes by remevab QmMashings S(‘J@qusnt@eéﬁ éféatéﬁave
th ré\ﬂﬁ@é&%‘%eﬁ%ﬂé@&% ¢é&%é§ Hé'&és@%r)f RFHakélahadditional

\égcﬂ);(ptagsmu Heesause lof ﬂm/mamney rwog;lyﬁgihﬁﬁmlre@dy akendgiace,
10 W?ﬁut%@’cﬁé%%ﬁ%&eﬁ o 1??%&985 %QFW‘@%%I%Ié)fTﬁehﬁsgllfuéleeves

Wi tdne ttien atﬁaar:]mag; ttaystcai:nﬁg o; hjlnfTaum fasteihg alndg/yldened S|Ight3’

i nvent i bi e follo

t o TeaeAp Tie% Bl AR SolheatAb B BRI BEESq g BES

r ohues mmdfaciOrinkp costs duead weyofoetnah natetialstaraiprocesses,

agai nst bu or falling. .8 WD 2007/006446
PCﬁL@P’EQWn%UE?%éd’rﬁ?dUC*ﬂ% stability of the cooling

15 t UhRStaRAEbIPHT 4 BBoRY PEY RS GnIY ﬁ‘mllﬁﬁél@?éhrhmw wask, siidh fas

strain as when ceram Cc is used. Anpng ot her reason$
Ag

t hisandblashag abistenpadditipeslitreatment of @ﬁ YPHENBTACERD
r olql% Oﬂlﬁ)%ﬁr au\f&@@ld' e N8 ssaATRbEERmpIRL Whehh:ﬁ)p ing a

I ng~ or Ic fasteni ng takes place.
neaﬂ@btehra\aswe process is applicable for repa| rs or

%Jéeﬂ%lg %B%tsté}e rﬂirn?rﬁélo‘éﬂc)é tHélgqe&L?iPéc?fo? tmsté(}lsemﬂl)} Bk all

t ubes wh Ihcreased in' 1 nternal aneter
20 by aoanooaly-usad staodalrdemolﬂlch as these that have

\é'at%ﬂ# %}1 Bgre O RPLRAEratil iy RROHTERCBG RS @ofs L &rBRK or

similar attachments must be installed. Likewise, there is no need for

welding or firing, as there would be, for example, with a pliable mass.

- Another very important aspect is the quick and easy disassembly of the

25 installed insert sleeves, with no danger of damage to the cooler. Prefer-

ably, a suitable tool (such as an internal pipe cutter, milling cutter, or drill)

would be used to make a split cut between the plate and the tube. After

removal of the plate, an arbor would be inserted between the cooling tube

and the sleeve tube, onto which the sleeve tube would be manually pulled.
30 - The plates of the insert sleeves can be chamfered at the edges, meaning

where the sleeve edges form the outer rim of the total formed surface and

do not abut adjoining insert sleeves, so that they do not form a sharp ridge



expansi on because of the material renoval that has

WO 2007/006¢#br eady taken place, 10 but with the materi al s usedPCt/EP2006/006440
becones easily do-able. The insert sleeves are then
attached by rolling or hydraulic fastening and w dened

1 %tv@HH the |H§ér?sfe'é@8 dié‘t@Bén‘HQHle‘iu@@R%?e.Conpaf abl e
mahuf a

undamaged cooling tubes. - Low cturing costs due
to use of common nmaterials and processes, autonatable

Apﬂ?&%ﬁor%f)mé‘:%rﬁé?l ndlﬁxqe r%éb%ttéir{s?ér'&aag@%& %sgghﬁégd in this

requires on
InV@ammbBai@t Ilmnged bmthermaaodadkl@ed}wpmat rerfactpit cahébeoapmied to

f b
5 othBHRREEAINAR SfliaP bRds s IERER i mARtals Because attbe
operathes enrditjorcosich as,fonexample, dewnsgeamdtem fieitlized ded or
t h| ass enbﬁﬁ%%re all 20 commonl y-used standard

cor?% 'Qn oreg Pﬁttﬁ"(?weﬁerl od is conparatively short,

since no anchors, screws, or simlar attachnents nust

talle kew se, there is no need for weldin
Sh%lra'? %heai@mhapgew Qutfired infhissipygaiien cap PR designed to

10 acc@;i’ﬁrﬂ&ﬂﬁe@%%mmoﬁ%hgﬁﬁctﬁfﬁbrﬂnﬁféo"ﬁé’?urﬁméiﬁRéﬁtplété fidking
and easy di sassenb Install'ed | nsert

heaéi I@@d d&bend heahexehangers. d%/ ixerkptgie heat exghangersare commonly

JA i fcPackimPlakilitissui tabl e tool (such as an internal
us pllpe c%t”?ggr H@FI ing cutter, or drill) would be used

to make a spllt cut between the plate and the tube.
t I | P
Fifie 5ol ARk beldPuBlhg i Plog = Gha Pl P up,in s
15  instaobe, 2 emmplﬂn}? cbolﬁd;ptublesQ?')swﬂlmbeammmlndelbtedrtartbaldaﬁe plate by
[ ] the in t eves ca e
meBie AR MR WP R5TielS ek BnsRiRG P8 e G ubgd4 ond
sle@dag;ﬂatje‘ @) e lhbertedﬁrgéaé!h gooling hu@e: whlalplét@é lm@cﬁédi taare
an a ng insert sleeve
sle§iS, ot aighorfighipaS L) hat¥ augimog i otgist which
the?@T/aEE‘Q@lﬁﬁ{gO@r%&;@ly Theiares ittftRsibhs & EombRAYIG delvat the tube

g pl ate. Application of the shell-and-tube
20 plaglg). thed @wmge%@ﬁﬂﬁgaasag thyi preveatedifremisdriking the plate,

instead striking the face of the insert sleeve plate.
Figure 2 depicts the longitudinal section of an insert sleeve, and Figure 3 depicts
the top view of the same sleeve. The sleeve consists of the sleeve tube (4) and

25  the sleeve plate (5). The rounded entry region (6) and the chamfered tube end
(7) are also clearly recognizable.

30
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invention is not limted to thermal cracking
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processes where simlar stresses inpact the nmaterials
because of the operating conditions such as, for
Referste! leey digpnst ream from fl ui di zed bed combustion or
conbustion turbines. Shell-and-tube heat exchangers as
outlined in this invention can be designed to 10
acconmmodat e all conmmon construction formats, including
fixed plate, floating head, and U bend heat
(1) exdbrelpertyberi xed- pl at e heat exchangers are commonly
us ' cking facilities. Figure 1 shows a
(2)crg§g#£%§F?on drawi ng through a tube plate (2) wth,
(3)i n tuyheswell i nst ance, 2 exenplary cool ing tubes (1)
whi nnected to the base plate by neans of a
(4)tugggﬁg%gﬂ%§). A single sleeve consisting of a sleeve
(5) t ukdsle¢vig pkatel a sl eeve plate (5) is inserted in each
cogl t > plates attached to the sleeves of
(B)neﬁéhb ?4#%ﬁpbé%§°f1) share a common edging rim(8),
(7) agaCmsrnferbd ¢libe théy al | abut, fitting precisely. This
ma it possible to conpletely cover the tube 20
(B)plgggy?QfB‘The i nfl owi ng cracking gas is thus
prevented fromstriking the plate, instead striking
the face of the insert sleeve plate. Figure 2 depicts
t he | ongitudi nal section of an insert sleeve, and
Figure 3 depicts the top view of the sane sl eeve. The
sl eeve consists of the sleeve tube (4) and 25 the
sl eeve plate (5). The rounded entry region (6) and the
chanfered tube end (7) are also clearly recognizable.
30 -10 WO 2007/ 006446 PCT/ EP2006/ 006440 | Reference
Key List (1) Cooling tube 5 (2) Tube plate (3) Tube
weld (4) Sleeve tube
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(5) Sleeve plate (6) Rounded entry region 10 (7)

.11. WD 2007/ 006446 PCT/ EP2006/ 006440 1 Patent cl ains
1. Shell-and-tube heat exchanger (THE) equi pped with a
tube plate lining whidbatest cl@phstant to wear for use
in thermal cracking equi pnent which 5 contains cooling
tubes (1) through which the gas to be cooled is

. Ci rendiraRaliubeeREst dxepanbet ﬂg-lé)eé‘(&lilﬁﬁedmmﬁ d R Mhfifhing

at both _ends of the tube and ‘enclosed in a caS|ng
t hrWigh isvRsistant iooeamfor #ae &t tharmak ccking equipmeppyhich

meco?ﬂélf@%oﬁ’rﬁ% ELgfest %’ﬁwr@b@g fhh H%eg%&at% beé'bEbied iBirculated,

IS inpac by °gas it ente
shegachdrietheing mreQMrmh@@rplatg athadl enas of & tubpoand
parddibdet inky 2siRg HiBAGh Y Mﬂt %téﬁal"i&%ﬂ&ﬁ&é&’
al i gning tHe ? P Sl eeves si

andrl maurtfapeaofdhattube@Iaietoarthecggesnlahdideivmlsiehns imgpadied by

tuh egsdﬁenpérgtﬁgg%ll'éxe'ta & egye;( ean]c fis at& &ast
in % §? re3|§ a

sl’eeves are create roma
rretpsdrtlally ivgteepricdéctivedager WihiEh ds crdadedrbyl aligni@gahenfdces of
typ the fact th construction qf the
| ol ¥kl SBEk e At phdneGredEt ¥y fer pdges and
whiinferting aihé abteandd intd! ewerﬁnqpm@daaypthatfgct(tﬁ)at el iberit s
sityated at a900@$1leto t.h aX|s of the

CuST STe Gapied B heREoRtENHGaE TReR ] ow t he
i nfl owi ng gases to pass through the plate (5) and

intothetu_bed(_4). 20 - )
THE as claimed in" Claim 1, typified by the fact that the construction of the

insert sleeves essentially consists of a tube (4) which is attached at one
end to a plate (5) which is situated at a 90° angle to the length axis of the
tube and is perforated in such a way as to allow the inflowing gases to
pass through the plate (5) and into the tube (4).

THE as claimed in Claim 2, typified by the fact that the center of the plate
(5) is aligned with the center of the cross-section of the tube.

THE as claimed in the preceding Claims, typified by the fact that the plate
(5) is designed with a shape that allows the outer edges of the plate to
abut the outer edges of the plates of adjoining sleeves (8) in such a
manner as to provide at least a partial continuous, gapless covering for the
tube plate on the inlet side.
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3. THE as clained in daim2, typified by the fact
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10

15

20

25

30

10.

11.

center of the cross-section of the tube. 4. THE as
claimed in the preceding Clains, typified by the fact

t hatHEha% driaierd! in3re€Sding T14ia® Eﬂﬁ@ug\h uhtyddi tHdhRict that
out er es of the plate tqQq abut the outer

all ows th ed

gtgg pgﬁtet?ﬁ)slsl[grg{eégglwsqgaf%prnreﬁéargu&r\;@§ NaRe- i n such a
manner as to provide at least a partial conti nuous
apless coverlng for the tube plate on the inl

. si deHEZS qlmqmnmfdbemgcqﬂmg Elzines? tmgugrmfilwﬂemy the

as fsbﬁhggﬂaé t%ﬁ@r(Q?Sﬁ'tﬁE?f %ntéiﬁé?r‘h% Iégnétléphﬁth%d

by the ct t IS pre uare
or neasuegErdthatdis §ﬁﬂ@|et0 06 0 lgélﬁy@lnmlieédwamtfmeteﬁor
ugh 5, typified by the 5
fagdtlgﬁﬁgfrq%fﬁge%gie %%ets ﬁfhe sl eeve has an external
diameter with a neasurenent that is equal to or only

e B S BB Pl 2T 00 B e b

pr daetthagthd tabey4 Pon e ingkriGledwphds aderyth lrﬂmw]cémbat:bf

t he tube on the_ insert slee ha | ength
rodsiaRR A Shd 240 flinchreat BB easRD Fibt 30 iy and
betoptienalfbetwdeh IQ0raNd #2emmpt i mal |y betvveen 100 and

120 mm 8. THE as clained in one of the preceding
Clainms 2 through 7, typified by the 15 fact that the

t UbEHE s cQinrﬁdbElnl dif@@ﬁthé%;ﬁ@&eﬁhh@@lﬁmw thrbbge kmeﬁmed by the

measur enent of | ai red i n one of
pr dgetinagthe @Pﬁd@zon e gertslequphas 8 wadythickeess act

t hahehfifreRlctt ®f 4Shnen the insert sleeve has a
t hi ckness neasurenent of 20 from2 to 110 nm 10. THE

as claimed in one of the preceding Claims 2 through 9,

typrijEed c??éllrﬂerme dredf thBHreddifing @?ﬁﬁ'{s ﬂl’ﬁ@?ﬁ&h i8S typified by the
constructed of an austenitic steel materi
fact that the plate (5) on the insert sleeve has a thickness measurement of

from 2 to 110 mm.

THE as claimed in one of the preceding Claims 2 through 9, typified by the

fact that the insert sleeve is constructed of an austenitic steel material.
THE as claimed in one of the preceding Claims 2 through 10, typified by

the fact that the insert sleeve tube end at the position opposite the plate
(5) is chamfered.

13-



25 11. THE as clained in one of the preceding dains 2

WO 2007/006¢446r ough 10, typified by the fact that the insert  PCI/EP2006/006440
sl eeve tube end at the position opposite the plate
(5) is chanfered. 30 .13. WD 2007/ 006446

1 12. PCTTIEE%@O&éIGWrﬂaQ)rﬂe éthheBrEc@cﬁng ChiFRA2 | th“roegﬁ‘ 1af tyioifed by

pre eq q @1 2 throug tylfled t he fact
efae thak ﬁt'n§¢%§k¢@Vﬁés f'FP'M%} B2 dn e resPEREVe cooling

r esuasét(n Y8y GQRbESE oﬁ:@nmg(olr)hyavmcr&x%ﬁ%nof rol l'ing
or hydraulic expansion he process of equi pping

a THE as outlined in daiml with a material |ining,
5 13t ypTI'fé Eﬂac@%s foh%qﬁﬁ‘;‘bﬁngt QW?E@%&ﬁﬁeGQH?IélHFﬁ ‘%\qkhoé H?aterlal
t ube (5) are inserted into t

exdwmgéyplfl%éyéh@l faqiéhatts@ewmrtsé'@ctasmf afubet (¢ and a plate
sl e(gy? % ﬁ%ehéﬂ ér'\tﬁrﬂwé‘ bt @gé]'r?aihglfe? tﬁ@aﬁﬁﬂ%&t?ﬁ% FRYMIRY tube of

tub process O
f asth@@i&ﬁ;ye (4} & fimnly 2¢tached tathe haad: exchanger tube (1) by the

process of rolling or hydraulic fastening.
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