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WORAT4/@38935 A PYROLYSIS PRODUCT LI QUI D FRACTI OMCT/US2e030040885

of the Invention The invention relates to a nethod and
apparatus for determ ning the hydrogen-to-carbon
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processes. Background o nventi on Il\ nunber of
processes for the refining and processing of -
Fhetd ochrbiomsImegnt ien know edge of the ratio of
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hﬂ%@‘ﬁ@%J neiien, aspepy rof Wie, iroferat hydrogkhatson to a

ooyl Yo, s o
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pywcal ws i qratkicey dedddssed or exanpl e et hyl ene and
gPI0 | ene, in |arge uantities. A common process for
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one in which the

hy drocamy feedstaaksdss Passeq d r]:reqf‘lig'g.rn ﬁanaorprlg%:reeszsgng of

tubes or coils which define a therma I'ng “Zone

/hﬁrqi:apt)hcms]gj@&jurmdmwme iafputhd s girieviadedyarogen—-to-

Qf _.hurners. The, properties of the hydrocarbon
c{eegstlglcfl%n%fﬁ htee;:l;j&’n 'Cﬁagr%’§nlfn SN iPAP G576 ach énee o T
proydciddg (akes UdArer ARy MsNe Hh@ RAUWNE ANGF olefins, in

contents aof the product. In 30 %eneral, it is
' I

Te oy Sdp &tigiid he ithéhealt heraeki sgagkioges€ so

hy3&dQ o Hezf dithe kdegree of coking. The depth of
cracki ng or degree of conversion in the thernal

cr adkiend hepmade s aick imef, eore ¢ ytro 1§s itshe odr ac kiydig ocarbon
fégag%gc&YtoT%%eE%?g olefins is a known technique in the arf.
The process is operated on a commercial scale to produce
olefins, for example ethylene and propylene, in large
quantities. A common process for commercial application is
one in which the hydrocarbon feedstock is passed through one
or more tubes or coils which define a thermal cracking zone
of a pyrolysis furnace. Heat input is provided by means of
burners.

The properties of the hydrocarbon feedstock and the
conditions under which the thermal cracking takes place
determine the nature and contents of the product. In
general, it is desirable to operate the thermal cracking
process so as to minimize the degree of coking. The depth of
cracking or degree of conversion in the thermal cracking

process is referred to as the cracking severity. The level

of coking generally increases as the severity of the thermal
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of coking generally increases as the severity of the
thermal 1 WO 2004/ 058919 PCT/ US2003/ 040885 cracki ng

WO penes®es, until a point is reached at whi ch PE&EUS2003/040885
| evel of coke becones unacceptable. This point is
often referred to as the maxi mum cracki ng severity,

and.often represents.an_optinum poi nt _.conbi ni .
criPhifel SrertePerta it fhe cROLTE CLe hFaciol el il che
lefel vhi ebkéheedtmdacenadyepbsbDer atiets hed die theoften

bui | d ug of coke requires the furnace to be shut down
referradcbReas | Hh¢ HBARIBYDCET BRK BRI oF Y ¢ Hist Bin gnd often
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to operate t ermal 10 cratki ng process at” or
witls ghosecestpoksi béegtly ¢ohethexi fom witiarkiimg furnace may

severity. unber, of indicators of crackin severit
oe pSHECBEYH Belermi o8 POTdets| T ks orfdgres “Ehe fidnace
toCBABhGE aliokher ¥Rl d&arki ng processes. Exanpl es of

such indicators include the cracking severity index,

of UBethd REOHaphiPR ef aekehins apid @ heomtieeid hrscale it is
I Lsi . : .
otEoh PRy PBEEIELSLe Lo AB1G 6o (MR e ChRE AL
crhekpegapuvecnd dteot hes nalose azki pgs $ ikl oro ctohé , ma@irgum

t he hydrogen, content of the Liguid products of the
crePkiRY nGeErbLERs- A A WHPShe br CBhABTy® chipl SRR
sewﬁitgohw@uﬁééﬁ Uit Ofmeh by 8HE hSe 1€ controlling

propyl ene-to-nethane ratio (PMR) or the

commpytead- themrr haPeaehing PEMYSYES t helxpmebrys of such

. (0] n C S. Vv ) (S
inBLR0HSE Pl g0 d L™ £ G20 e OB dBIENEE 0%
naphéngesratkihde dydroearhobe fekalst oekl Bt godtemeter, used

. reliabjlity of the 25 product,K sanpling techni ques gjve
inytke F]aeﬁff%bl%%c%%% EEi%SO%ﬁ O‘?*h‘%’? CH O PR parpclude

ese

thOf 0Bt 1 Ber PBhp&F AEKE D Yo P O6ESBhe SR rOta S¥SIEMube or coil,
Accordingly, there is a need for an indicator of

angr abki hydsever i egniwgiehof sthot 1 sewsd tpxeduetsueh the

e QEF e PERERL Tl 2 el SRR Ry oyea i ene
manufacture of ethylene is the propylene-to-methane ratio
(PMR) or the ethylene-to-methane ratio (EMR) of the gaseous
product of the thermal cracking process. However, the
sensitivity of these indicators to factors such as changes in
the hydrocarbon feedstock and to the reliability of the
product sampling techniques give rise to problems when using
these indicators as part of a thermal cracking process
control system.

Accordingly, there is a need for an indicator of
cracking severity which is not sensitive to such process
parameters as feedstock quality fluctuations and which may be
readily incorporated into a process control system. B. P.
Ennis et al. ("High Temperature-Low Contact Time Pyrolysis

Process," Symposium Series 43, Institute of Chemical
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readily incorporated into a process control system B

P. Ennis et al. ("Hi gh Tenperature-Low Contact Tine
wW@00l0yi1s Process,” Synposium Series 43, | nspCT/Us®08640885

Chem cal 2 WD 2004/ 058919 PCT/ US2003/ 040885

Engi neers, Fbrrogate Eng., June 1975) describe a

eam. _py SIS, pro. s f h ropal _crackin a
e e F 2R o EF SR RIS T f altonto” ERnTeoef LBr 2 oPsrem
pytbaysaspprbtegkardy tNal thbteal ndexcringysdl yswsde range of
severity is the hydrogen-to 5 carbon atomc ratio in
naphehayf5RrGEieNgasofIReS pPbddtt ©F2€s thal keRdfeicularly

vai&éﬁiepiﬂ?@%héfdgngfygisaéev9§§E i be Enéshﬁaroeshneo

neasure o ree” of dehydrogenation of
carbquidtpmaseranﬂothn tesupyroyysieadeasyline pD@@uct or Cs
L on Since the, cal cul ated hydrogen-t o-
ang BPBV LT KE B PERH R ducEE S ton i S6h LPRe Ehis a3
bepﬁgd50h@§surelSfOEhénd@@ﬁeelbgha@ny@@@@@ﬂsﬂiéna@ﬂ the
hydr ogen-to-carbon ratio of the feed, Ennis et a
lighafnPhpae endstBeverseitingi tapdency &ar ekl ferpation.

SlHEénEhgf ?939?5%8@ ﬁ?&FS%%H'EM 8L bhs SAPE, dept iy Of 3
cracki ng

or varrous pyrolysis reactors or feedstoc
prd&uctsVﬁépen&Bnoslytomltheuggeéicth@ vseldfof C; and

. hyd t duct
11 QY B e Prp RS AL S ornd PR b f oAt temer FooR TRBH& of cthe

feBQ; difnk osdt eandel Qfmhemat hisipasarBt £fy 18d10ab6r is an
nmeasured or how it may be used to controY a thermal

exeehéRNhgnprDEees opmpatbnoerelaftsehte. ateklet o3ame, depth of

Cr%§5ro§a £ 9a9£ g dé?%?fﬁéfﬁcéé? Lol0 épeféé&yﬁgc £5%)

erna crac process has
beeWhﬁléfEﬁuhB tb atletengyest Thypicae|yf hydfbgen -to-carbon
commercial thermal crackin rocess | s_cal cul ated
%IE@lg $

?ﬁ%Euhyﬂ?%b%ﬁTﬁﬁ]O -cracking - .

obtained after a detailed feed characterization
isf bl baenebyurnedspruhari bh BRythe epedkingcednedlidrishermal . -

coF TG IBEL s, 1B Sin 800t 1 LG OP s SHALL AL,
rabeouseédhg8ragenntsotarbon in the liquid (Css) hydrocarbon
product of a thermal cracking process has been difficult to
determine. Typically, in a commercial thermal cracking
process, it is calculated on the basis of an analysis of the
hydrocarbon feedstock and the gaseous (C4-) products, usually
obtained after a detailed feed characterization followed by a
simulation of the cracking conditions using a model.
However, none of the options available are practical if the
hydrogen-to-carbon ratio is to be used as a control
parameter.

Accordingly, there is a need for a method of determining
the hydrogen-to-carbon ratio of a liquid hydrocarbon fraction

which may be readily incorporated in a commercial process

control system.
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paranmeter. 30 Accordingly, there is a need for a
net hod of determ ning the hydrogen-to-carbon ratio of
W@ 200488989 hydr ocarbon fraction which may be reemiub3003/040885
i ncorporated in a conmercial process control system 3
WD 2004/ 058919 PCT/ US2003/ 040885 Sunmmary of the

su | nvention_ln rolysis process in which a known
——Eﬂ%ﬁﬁk—gi—g——2¥§¥%%%§%on feed containing a known
anopft o Opy 6 BGEI s GBBocdss YN P aER08 ke6sn candent of a
cont ent and a hydrocarbon feed 5 hydrogen content, is
hY@ﬁ%@@éﬂomof%e%y¢@$9%%%l$%r%a%%0%®e@%@@@t Qhderacer gas, a
hy@Y50L Y545 Eéé‘ k&é‘ﬂb 0«98&%&@”991&'9”1?@90&%& Afeed
pyrolysrs pro erein sald pyrol ySis product
hydn@@emsesnaent!qusdchaagédohoamdpﬁrqhgsisaﬁmrmmpe operated

$here|n ald I|gU|d fraction coqgg | ses_a Ilg%

ungeh RY BN RS HF oGERC CHRAY et OGRS 2S00 FHURY P abtTbh 2

py&aw@{ls CoOPb &ALt t Phé PET gbya Pl ggyyﬂ@lﬁsié bt Sdud f agdhises a
hydr ogen-to-carbon rati o, wherein said gas

liguidt mc*ébmra@@saag@asflfa%x%n vhegein gaaid liquid

£rGORPERIEBhEOTs o8 o 0FSaEIACHL 20 1Al RGP, £ONt S0 AN Sha
gas fracti car bon ont en entron provides a

ligeidofirdoticet eanbon ngosaent 1o | tigereb§ rpcéviote a liquid
hydr ogen-t o-carbon ratio conpri si %%dbﬁ ste

fr%‘é‘jl%t@‘ﬁ{%‘?%@ SAT PRy ot bon # %%Ee?ﬁjc%rﬁae%t
fréBgléﬁ'@oﬂﬂ§{§§§r§0@a§e?ﬂa@@i&@”tﬁ@@éﬁnéas(é@ncentratlon, a
determ ning said gas fraction hydrogen content and 20
ga;s,afuag*asom rlaz@r@ne@a@b@nemmmﬂ a@el, f¥a2gt den e¢ailng
id li d. n .
coRffly e L LARLLOR NG PRED.§ i RB8 ok Bl Eelining saso
llﬁﬁﬂ@tfﬁ@ch¥dﬁ0@ﬁ@r@@@ﬁ€®¢ datvort hea tibd ecompuets iad Uthe steps
for said 25 hydrocarbon feed hydrogen content to give

ofsaid liquid fraction hydrogen content,

(a) determining said hydrocarbon feed hydrogen content

“and .said -hydrocarbon feed carbon content;

(b) ‘determining said gas fraction hydrogen content and
said gas fraction carbon content; and,
(c) determining said liquid fraction hydrogen-to-carbon
ratio by
subtracting the determined value for said gas
fraction hydrogen content from the determined value for said
hydrocarbon feed hydrogen content to give said liquid
fraction hydrogen content,
subtracting the determined value for said gas
fraction carbon content from the determined value for said
hydrocarbon feed carbon content to give said liquid fraction
carbon content, and
calculating the value for said liquid fraction hydrogen-

to-carbon ratio.
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subtracting the determ ned val ue for said gas
fraction carbon content fromthe determ ned val ue for
W@ a00d/0589ydr ocar bon feed carbon content to gi vePGHUS2003/040885
liquid fraction 30 carbon content, and cal cul ati ng
the value for said liquid fraction hydrogen- to-carbon

ratio, 4 WD 2004/058919 PCT/ US2003/040885. . Al so, .
ot ROHOT 52 pTBYNEALF oP TRBRUFOI FPRG Sar Ao RpF Py arid
py€bagki BOcPErERERS POBHeEE086ndsal8nBPt BaddCcasPhbaeSomprises

the steps of: (a) determ ning, preferably by use of
thgegfePhfPAfed 5 spectronetry, a first measured val ue

of gaid agégeagBQHg,fsggfepyg se&tgﬁtngggd§nfr red

IQgﬁg
second neasured value sal d - hydrocar bon car bon
speohremétryb) adéiesti meaguredevaiabl gyf byaidehpfiromasbon feed

ectronetry, a third neasyred val ue of.said_gas.
ny PGSR ofon kb hy P gBn S EERLArTe AR AT S0 ot R ooeai b
hyMabdgrebnsakddgasrobhasbhedn€ar bon content; (c)
conputlngﬁa first calculated value for said liquid

f r aéPi ondpyarByeANE0- BEFBORAPAYIBY ¥8F eBnPaFPng said
spgggg§38§%gulgt€ﬂﬁ¥ | HE2LQr84963 5§dof1§aY§|&§sf9£a§?%gn

Etron rogen-to-carbon ratro to” genera
hydrdgéhecenteat waHue; fandtfepeasontdovaluagofasdid gas

ggrol§S|s cracking. F(ocess conditions in response to

fr FH? i FREPERt FAPTEaFhe. In addi tion, an apparatus is
proyifedcb@put hggnal kY rs20c81 36KhA8d avKnQuns aaoyatd of i quid
a hydrocarbon feed containing a known anount of

fracheen pudrogenytpoearbon fakdohydrogen content and a
DR BB EE oA COLL DL R EoaPURIaLi2p 5 g rea

vattnackongsaodel ighiapératetonndedr pyeot ystsachackragio to

geggggggsangg%éiggﬁiaYthPue;~and

(e) .controlling said pyrolysis cracking process
conditions in response to said differential value.

In addition, an apparatus is provided for thermally
cracking a known amount of a hydrocarbon feed containing a
known amount of tracer gas, a hydrocarbon feed hydrogen
content and a hydrocarbon feed carbon content, said apparatus
comprising:

pyrolysis furnace means defining a thermal cracking zone
operated under pyrolysis cracking process conditions, which
include a thermal cracking zone temperature, said pyrolysis
furnace means provides for cracking said hydrocarbon feed to
produce a pyrolysis product comprising a liquid fraction and
a gas fraction;

first analyzer means for determining the hydrogen

content of said hydrocarbon feed and for determining the

carbon content of said hydrocarbon feed;
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i nclude a thermal cracking zone tenperature, said
pyrolysis furnace neans provides for cracking said

whyanossanbon feed to produce a pyrol ysis prodpCt/uS2003/040885
conprising a liquid fraction and a gas fraction; 30
first analyzer nmeans for deternining t he hydrogen

content of sa%% %q$ocarb E aﬁgn{gr gﬁée£n1n|ng

t he®E8rBoA"e t"of"2a arhgﬁ Starbon’f eed; 5 W 929
corB84f 0589489 FETLAE20935 Oﬂega’éloﬁe@mdf@ﬂadwzermnﬁam@ the

for determning the tracer gas concentration of said
hygaggenacenern @t ior @bt erhengagy fRRCtiouragyentor
deggpﬁ§ﬂg£95ho@hgfcéfﬁg%gé§n£é§5£égfoﬁngff9£1d gas fraction;

eterm nation the carbon concentration of said gas
anfiraction; 5 and conputation neans for determ ning the

hydr ogen-t o- car bon tio,of said, id fraction

1o OB LE B e ARG ChY aPeLBr LbHR et o hedf ghei-0d-carbon
rabydrecashon fegdiandribeideteymoety €& bascseniead of

sai d hydrocarbon feed as deternined by said 10 first

hydhap§zegoneams, Oénﬁa%%ehﬂéf@¢ﬂ¥h@@ fsed odyeth the determined
ca%ggéeggﬁeéﬁ@n %fadhg€§oéggﬁéﬁop @@daéhgeggfﬁfﬂé@egy said
concent ratton gas ¥Faction as

fldeteanamgdebymsamﬂ, aﬁdonﬁea@atgzmxna@ahydrﬁmenf

Descri t|on o% he EXanggs 15 F g schema
COPgﬁPeg HLGRi Oh BF LorBeBnbharTEnE aBR TS, ?E%%%%?%% “carbon
coﬁ¥é9£¥§t§oﬁr@§e§§1§¥%&§“¥§@ét§&§té%néé%erﬂﬁﬁ@@nhﬁl§Ehd

and controlling the hydrogen-to-carbon ratio of "the
sefpndi dnftreer onedfsa pyrol ysis product. . Detail ed

BrEE%CBéBEL9§t?§$tQPF{HXﬁB%AQDn§9 The present invention
ng the

hdemgenltDscarb@Mematio ﬁépt@@ehtmmidnfmﬁc@mﬁnem%odument
¥roly3|s Eroduct t hat glelded froma thernal
of.

BekiRge bR %rr%l$§+a|9 PSRBT aBKT Mg pRioteSES R tfor

ek@rﬁlﬂYﬁglXﬁ&scgﬁtfgfiﬂﬁb @ﬁ@cky@90§%@m@§sca§bon ratio of
drocar bon feedstock is”charged
the llquld fraction of a pyrolysis product. :

Detailed Description of the Invention

The present invention provides a method for determining
the hydrogen-to-carbon ratio of the liquid fraction of a
pyrolysis product that is yielded from a thermal cracking
zone of a pyrolysis cracking process unit. In a pyrolysis or
thermal cracking process, a hydrocarbon feedstock is charged
to a pyrolysis or thermal cracking furnace whereby the
hydrocarbon feed is subjected to pyrolytic or thermal
cracking process conditions. A pyrolysis or cracked product
is yielded from the pyrolysis furnace.

The hydrocarbon feedstock used in the thermal cracking
process of the present invention may be any of the
hydrocarbons or hydrocarbon fractions used in conventional
thermal cracking processes for the preparation of olefins.

Suitable feedstocks range from C, fractions, such as butane,
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25 to a pyrolysis or thermal cracking furnace whereby

the hydrocarbon feed is subjected to pyrolytic or
WO bmnnosd919 cr acki ng process conditions. A pyrol BSI/ES103/040885

cracked product is yielded fromthe pyrolysis

furnace. The hydrocarbon feedstock used in the thernmal

crackin 30 pr.ocess of. the present. inventd on may be
Cs ang/a%tfl v % CC}} scarbons bt h%/sd r%eg alr ba{o]sn réacgcatnllrgeﬁ’s ik ehdt ha,
kekBsenBVENti gaabilt heasoslionsackipgrpcoacessescéastbbRs as

preparation of olefins. Suitable feedstocks range
heﬁV@nﬁéﬂVﬁFaemiaﬁ§9léacﬁa&sa%a9a9@,e%P%@y%§04/E€89&9°cess of
thgcgf@éﬁeﬁ%gﬁi@%on%sf %QEEEQG%arW@u%a}QF@t 888, u8Ss with

we as gasol 1 ne, naphtha, kerosene and gasoi
gafkpathepnsapkidapcheboneheedsdobksvasvaheanygasovacuum

asoils ma | so be.enpl oye The process,of the .

£x3RE0RRE | UGAL FOROL S Rar SHRAFaP S e an 6 g ilcgasoil
fractNohsgBs ohnespB8aphL b, pkeresese pOEdEeaYYSYacuna

aasoil fractions, with gasoline, naphtha and
hygsagprbacufinedaterks aracreedslbePrgdespeci hpryexample, by
neRAE! BET efle E6ASLACYSnaTNEe £ 1N AROCAE DORLGEYp] OCKeL AT @

readil'y produced, Tor exanple, by neans of the
hydenvenbbonatedetookngapf consilet oof . a ThendDe hyydaotaohon

feedstqck nmay copsist of a sipgle fractio nti oned
MeRES ATk BT Bl BPS Lo RexPEr 8 BIXFRES 17 hetionbradnions’

advAant agfaRtagBecpr epeSprotet i 6fi tWESt i QRehBibhals that

fluctuations in the conposition and boiling point
flpghgatapnst he hher eeBPPBAtierd3RdcROMRINGcRAFNENEaRge of

c b t y T '

enBCE9UFBEAtEGn pEsed2ebiR FRD ponEYEid e 'PBkohfioalfEd by
thdetentraol ngyahdmconThat| isg the inventive method is

hydr ogen-to-carbon'rati o of-the rolysis duct
PaFFyGRAaT LY RARERbn BVORCGRBANE AT 80r SOFTECH HRRY oS or

hy8PR8paasStbch PBon CRAPDS b 0PhOT pPRbl | 80s PO HEuEBNDEGRId -
the hydrocarbon 20 feedstock. As earlier noted, the
fragtdiovarhen Veedstbekei areubjecteationstperappnges in the -

- cofpBEKLGn! Brapb DEI B! pGIACKLAGGZO0E  + ADYh $iEEERESon

feedstock.

As earlier noted, the hydrocarbon feedstock is subjected
to thermal cracking in a thermal cracking zone. Any suitable
process arrangement and apparatus can be employed for the
purposes of the present invention. A process regime commonly
applied on a commercial scale employs tubular reactor coils
installed in externally fired heaters. The hydrocarbon
feedstock is fed to the tubular reactor coils which define
the thermal cracking zone into which heat is supplied.
Heating of the coils is typically provided by the combustion
of a suitable fuel, such as a hydrocarbon oil or refinery
gas. Suitable apparatus for carrying out the thermal
cracking are well known in the art. For a general discussion

of aspects of the thermal cracking of hydrocarbon feedstocks



10

15

process arrangenent and apparatus can be enpl oyed for
the purposes of the present invention. A process
wo eg@inossoenmonl y 25 applied on a commerci al scBEBUS2003/040885
enpl oys tubul ar reactor coils installed in externally
fired heaters. The hydrocarbon feedstock is fed to
0 P ARk ng GBNRST nESL ST ARC heht T EC StppHER. D HBEE  ng of
Enthelepblisai sftypesttdy peonhdedghy Thergopdiisioon Blume 9,
of a suitable fuel, such as a hydrocarbon oil or
pagesi ARPytogasl- Suitabl e apparatus for carrying out the
t herBl opCFAEKLGIc B &y VRbhs KEPWENE Nt hBEMAT ter&OKiRy  zone
gener al %ISCUSSIOH o? aspects of the thermal cracking
arefdaypendeant bopoh etlist sroksi 71i W19 Ddn 06891ge thermal
PCT/ US2003/ 040885 0] %ield oIe{ins reference is naq§
CTEG KT kSRR ARBE IS B cHapetf 5o b - tnhi G5 T Hinbt 3gy~ S
Thdhh{8r&EdatboRn, f¥elsEcR, 1s PREEsed00nt Bhdldherdh®l cracking
operating conditions of the thermal cracking zone 5
zope eudbpendchEMRPHHL YR Epebfdflededt grh bl t Hee t medrrgarbon
L0g r at rj r j ;
R e e
wit hedepéndrapénnghe zovmeposti tion dedperatime peimeacdege of
at _whi.ch the hydrocarbon nol ecul es_crack. The
th?eﬁﬁ%@ﬁ?ﬁ?g'reﬁﬁ??%%{t%e%??E%YuE?%CE?ﬁgtﬁ% WiF T ¥epend
cridBRMng henegsnesit o RAOdobel &t NG POhAt t iangel ofradbeng
feedstock. Typical tenperatures for the thernal
zoge ackraginnehsurangatof hEromt 720°Gfta HHG°Aer make
cracking zone, are in the range of from 750C to 950C,
pradesabpyef 8embf 901G dra S8ECto 900C. 15 The process nay
be r [ essu h
9§Sn§£$ge%%e$£¥a_€y5§9£§t@ SSULE gﬁftégﬁégﬁé%féure.

Cracki arried out at a , pres

' Theeasaredlatrabeiogtletpoéféhabl hecantied acki ngt zaneressure, .

-inth to- 500 kPa (5,

| f from 100 kPa (1 ba )
* mepBped ek alRS el SEI Y T en ot TReL $iSPEFIO A0 Kbathe

20

25

30

rahdebat) sréfl Tbe kbW BlLaBl ¥bi SHOtRea hysreeay bofore
pr£§§g§£?§kfigm 100 kPa (1 bar) to 300 kPa (3 bar).

' The flowrate at which the hydrocarbon feedstock is
supplied to the thermal cracking zone will depend upon the
specific design of the process apparatus. Within these
constraints, any suitable flowrate may be employed. Typical
flowrates of the hydrocarbon feedstock in commercial scale
units is in the range of from 10,000 kg/hr to 60,000 kg/hr,
more preferably from 15,000 kg/hr to 50,000 kg/hr.

The residence time of the hydrocarbon feedstock in the
thermal cracking zone will depend upon the apparatus design
and the other process operating conditions. Typical
residence times for the hydrocarbon feedstock in the thermal

cracking zone are in the range of from 0.05 seconds to 1.0

seconds, more preferably from 0.10 seconds to 0.50 seconds.
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supplied to the thermal cracking zone will depend upon
the specific design of the process apparatus. Wthin

WO b@gmssseonst rai nts, any suitable flow ate nmayP@EUS2003/040885
enpl oyed. Typical flowates of the hydrocarbon
feedstock in connercial scale 25 units is in the range

?Io&fig?ég Fﬁgl ggrggéggglﬁg g?ﬁe reégdgkggg Q?EXn

feeﬁstbekhmdyOQQrmaﬂeﬂeedshoak hnethedlubehﬁahndrahklng
zone wi |l depend upon the agﬁaratus desi g and t he

reéPﬁEﬂnEr8é§§§r8p§F§tFﬁgtéﬁn EFBAs 0#95#659 gpne. A most

suﬁ%ﬁbqgnﬁﬁeEhnﬁ§lE@ﬁttEg bydeRcar bap &ﬁ@gﬁtegkubnttmg
hermal cracking zone are in the range of fromO0.0

tysec@mds poeseOt secwﬁdghtnna91prefedabhyntrbnrbyd©ocarbon

cond 0.50 seconds WO 2004/ 058919

orpEt PlisSo03 /8488555 ToOaka/ ie TREPnRF SOFAeREHgETem O-3
kgPkgcess.Bheghiygr ocar bon feedstock may be n1xed Wi th

an inert diluent and the resulting mxture fed to the

t heFRBI PEFQENFRE PEAEUCH HbsLdedyfEaBl Ehpneherapluerdcking

eq c ent

o S e, Por ot ai T uBhe oo ngaresathonconp FrEs . 11 duid
frkgtkgnt end. @ bgskgranbnenpreTheabhyuﬂdoﬁrGCBlokgbEgthe

0.8 kgl kg. The si.s prod ed fro .
oYERLVARF BFaCREHGLoIBhCEr PRETRVLERGELY BYOERka Bons having
figengkahbyeCeARbbEEStBmkI Ak dmolBchilachh@ntRBdgasg@saction

fraction. The liquid fraction of the pyrolysis groduct
Ofc@hﬁrP¥é§lMﬁééoﬁfﬁﬁHFFyCﬁVEFé§8ﬁbBﬁ@dﬁ@@PﬁﬁtlY| Boge
hyH?B§ﬁ98599” al,ong ESBr”BEeEHEQ éQ?bBHe g88sf ?thSEecule

of t yro ysi s produ conpri ses pre om na ose
anbydeaeeanbonsmhavndg finaiudinfessrbanbmonakbds, pearbon

a1 By EaBREn SRR o R RSP B RS P Tl "

hydiragenngadthehi UAt1udbe tA¥enhteBdubelvHesrt A8@dition of a -
i ntroduction or addition of a- known anmount of an
knpnar amoppscef gasinerthbragearogarbbn theel¥edberabepng

fe8B§£88Q'EgihgecH¥58E¥S£8 £H5n6§§09§sigefurnace of the

process. Any inert gas that can suitably serve as a tracer
by passing through the pyrolysis cracking zone unchanged can
be used in the invention. Examples of such suitable tracer
gas include those selected from the group consisting of
helium, argon, nitrogen, and neon. These are suitable,
primarily, because they have low solubility in the liquid
fraction of the pyrolysis product. The preferred tracer gas
for use in the invention is helium. The tracer gas may be
introduced in quantities ranging from 100 ppm by volume to
1000 ppm by volume, particularly 100 ppm by volume to 500 ppm
by volume.

Essentially all of the tracer gas introduced with the
hydrocarbon feed to the pyrolysis furnace can be recovered

along with the gas fraction of the pyrolysis product; and,
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20 process. Any inert gas that can suitably serve as a
tracer by passing through the pyrolysis cracking zone
waoeohassyed can be used in the invention. ExanptEESmD3/040885
such suitable tracer gas include those selected from
the group consisting of helium argon nitrogen and

on. These are syjt rim ecause. t hey
oefE08e, EhECErahR Py PRaErsPrl i HEEpicefCRRER FhE

hyfiybehybbf péeduebckThﬁdptnéeamedntracehyga5cafbbnuseedstock
in the invention is helium The tracer gas my
arpnPpsRukBAYRN EBQnPFPP@§tF%ﬂgPﬁgtP?oﬁyieéyﬁbﬁwB?OdUCt that

1svehag§agofr;QQQOHp8h9yr¥9a99§ an&étéyhéﬁEM g90m@9§hpyng

vol u ppm by volune. Essentially al
theheoncanEragasnunfrbdaced gashthae 1hydnothebgasféedctlon.
Th to_the ?¥[°| %urnace can_be reco veégdt opg w. th

PhBT GRS Fratt Pén F PN£°b¥P6Fy8F8 Proat@et ARd"eo7%id
frg@Qﬂbﬁ5ﬁ8§9bgcaétﬁﬁﬂ@ﬁé84ﬁ§851vb§§ﬂgsehéheaaﬁEUﬁbrthe

tracer gas introduced into the hydrocarbon feedstock

kngng ?ﬁ@uaﬁnaﬁttéﬁ°ﬁ§d96§a¥%6ﬁ°¢@@%§tbERO &he hyerocarbon
feEBQ%ﬁcktBE ?BQPHEBBQPervéb ep¥6g ygéstpgegycggghat
I's t 'y be y

e gas fraction can readi et erm ned
coneastirahgob fhetbengent fatcbnonf tracer gas that is in

the _gas frac . . The proportion, of e rolysis .

o oe uphagt BRenntace? FRacor o fa, tHE BE DR rbysis
ofdtMbdphgot hei¥apuedhet §he fkaevnNoANMaYnhgOEohtasel ofas

i ntroduced into the hydrocarbon feedstock by the

anﬁéaéareme@aﬁuéoroan@h¥2%nacbhegaés1©r@@hé@nt@5tr@n in
py%Egygﬁglﬁgeahkgn gﬁ?t&?feogntDfn%r§ﬁ§[%?§§spggﬁ1Iﬁclude,

e anal ysi's the pyrolysis oduc
fotrathpmeusgag chnumatognaphsaaadymessnﬂpastfometers

ana| 2|n t he s fraction of the ys roduct
T EErBoakE: PR hars bERCe Sam morile J3E PHPE BV o1y sts

preyanp! &s 68616hr 9ABt OHEaGAS  BRE-FBSS SRECIIQIEBHEf SactPon
anal yze the gas fraction, a sanple of the pyrolysis

arpr geperarsdeooled: and fn@cea@n ¢aacthen Apdanafyred using
suEEQB&EOQnalyzer means to determine its tracer gas

concentration and hydrogen-to-carbon ratio, through the
component analyses of the gas fraction. As described above,
the value for the tracer gas concentration permits a
determination of the proportion of the pyrolysis product that
is the gas fraction and with the measured value for the
hydrogen-to-carbon ratio of the gas fraction, the combination
of such information can be used to determine the hydrogen
content of the gas fraction and the carbon content of the gas
fraction.

In the inventive method, the hydrogen-to-carbon ratio of
the liquid fraction of the pyrolysis product is determined
indirectly by determining the hydrogen and carbon contents of
the gas fraction by the method described above and

determining, using any suitable analyzer means, the hydrogen
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are separated. -The gas fraction can then be anal yzed

using suitable analyzer neans to determne its tracer
w@am4@889¢oncent rati on and hydrogen-to-carbon rBCT/0S2003/040885

t hrough the conponent anal yses of the gas fraction.

As descri bed above, the value for the tracer gas

oncentratlo [ S termntlo
anpr opor?l Oﬁ F {%ﬁengf))%/ro ySI f)?%%u%? tﬁ&?d %H}le %%rOlYSlS

unit aghiipntaed, weabctibet iegstheddyvargeefios b@eWaén the gas
hydr ogen-to-carbon ratio of the gas fraction, the

fraghbPRab¥8ROIBE 3BEHCFRPOR nBPREANEANBR tR8JNYgrocarbon

feQ&tﬁ%ﬁ}8§eBh§nHYQ£998H c89€é§9£ o5 %P@vgéé @&?&ééoﬁor the
e Carbon content of the gas raction.

ampuweat fehpdthgen &heé bydpogebhab- gne bom th@rbl@mldso
£ th?.liqu%dtﬁractiog of the §¥ ol ysis product is
CHBEE?H Red "FnlY T8 Y?§Sb9ra hrnlng t he hydrogen and
carhep sonteple fhalyber gasahsacd ofle byrimhei ngt 98 hydrogen
descri bed above and determ ning, using any suitable
conhanyzef hBanBYJd¥peaRYaR ofend 18NHF 2003 psRvLBing the
4088 0 t f
S s e e e S K T
preﬁécnédtmagnsherdmétboencé @eahmennghEh@aBydfma@tb@m feed

d_carb tents, and. t he hyd b d
ing iR OERe A CaF DORY COM ERP &1 B brider he ol GEeeT B Ehe

an§19gp§ntéc§ﬁlaﬁagog@ﬂt@@dugar@@nc@ﬁaén@i@nan hl€lear
liquid fraction of t he pyrolysis product. Any

maguetaﬁ|éeaﬁa@y§@r (NMBhsanatyEEERE nt AFiR 48RS hy dFlajyen

pr%ﬁg£§ Ba£g€19¥9r9§¢ﬂ9ﬁ€u%efg akay £Q£%g§1§r”1f%2§s

car ontent o dr ocar bon ed can
undeedtoahehéﬁepnetbateﬂhaetheremmmbmmbmﬂ ahatlyzi ng

nYRBRGEREPOnaPoRokr FREIFed TR Srk ki I cenmt el -

te@ﬁniaﬁe§8ﬁl@ﬁ @@@vsaib@@akoﬁﬂ@ﬁ@aﬁe1ﬂ§g@@$éﬁmﬁﬁ§9n@pce
4 éNNR anal yti cal techniques. The erred anal yti cal
1

éehangae- |51§PR bh9|§%l§ur|¢on%eq€ ehderet bgd prezdpen can
ad&?@£o£9f19VQ5°§89s898éeQﬁd sé@eln determining the. carbon-

content.

The use of NIR spectrometric techniques provides certain
advantages such as allowing for the quick and direct online
analysis of the hydrocarbon feed. The values for the
hydrocarbon feed hydrogen content and the hydrocarbon feed
carbon content obtained through the use of the online
analyzer can be used in the determination by any suitable
computation means of the liquid fraction hydrogen content and
the liquid fraction carbon content. The liquid fraction
hydrogen-to-carbon ratio is determined by using the
information relating to the hydrogen and carbon contents of
the hydrocarbon feed and the gas fraction of the pyrolysis
product obtained by use of the above-described analysis

techniques and computing values for the liquid fraction
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hydrocarbon feed is.-analyzed by the NIR or NWR

anal ytical-, techniques with the carbon. content
wheiongssodet ermi ned by'. . difference..- Al so, PCTES2003/040885

sul fur content of the hydrocarbon can additionally be

nmeasured and used in determ ning the carbon 20

ont ent Nl R spectr t hnlqu
ny P RhFResonbrh, rdaiant SOL sEERC ELu FEOPRE Forcene
Haﬂﬂh@ktﬂégedVéEﬁésOpékﬁﬁtsaﬂﬁéyééBc@Iath@nhyﬁr@ﬁ@rbﬁ@rogen—

feed. The values for the _hydrocarbon feed hydrogen

toreAteA® BABLP hef nar oR¥FbYS 2 elir 28Uchr bbAvE n?%ﬁ?tlon
An@PLEL D LOHRD bhenUeRoA! cd@,onhioe +8NGe YESEn Cfle

e used in the determnation by any suitab
compuputﬁmhsn heanstoistpeefeq0$@ o aes¢ opothydrtegencans such

ontent and .the gu i d fr€ct|on carbon content. The

ale&ﬁYﬁn??gﬁ?} ﬁomBV Fog®hto %arbon ratio is

det eh Nk REEhOY H§%Q@tt8§ BRei NipsmBl 69N £i0éalétgrhDnédevalue
hydr ogen and carbon contents of the hydrocarbon feed

foan§h¢h@yga@g¢maé@r@ﬁr%@ntﬁ@thgrémyst%e pY®ebggis product
llQBHﬁ'P§QCP¥oHsga9f éhgsggog aP@%t§?a$fsﬁ e cracking
ec ues and conmputi ng va ues or the Tiqui
seﬁeamtyomnd11N[tﬁ@OdbﬁSB@lQoftﬂMQEﬁ@@ﬁﬁﬁnoeﬁéckhw@rfmmnace
ontent and the liqujd fracti n carqgn cont

{.
T80 acoRBLeeTar et poerfettefat £3h dOr YT On DFeTHRL
chMQEQSeﬂonéOséﬁéPQﬂyr@ﬁaolﬂﬁui@efﬂaé@idﬁlﬁy&&é@%ﬁito carbon
liquid fraction. Any suitable nmeans or nethod can be

ragsedis olpeefoe et Bakompuintronse butthe thermal cracking
zoRée£8§£§9t% 0, 4$¢ %gEBHEG{%"Ea@écéggge 3 €ﬁ@vﬁ”é%&§§% to-

conput er~ Systens. anot her aspect of the in
catbendeaetﬁ1oédtmalpgr01951$hﬁr@@mcbgbnqmndcﬁr&mﬂnwmﬂamﬁ

for the rolysis roduct iquid fraction can be us

BYage vin oF Re nERGhma ki P A6 RBveri T SaTRE T el

reCQNEroh oh iﬁ@rég§én§£ Ehack{dEod ek DBECcarbdniBatio of the.
recogni zed that the correlation between thernal

T pycpapkingrrodecteleaniyg Hpactiemui d fraction

NydEogeD- 95 eRLPEN (LALLO IS 'pﬁsréﬁeaﬂgltgﬁggﬁqhg furnace

I Nncrease I n Crac
so as to provide a liquid fractlon hydrogen-to-carbon ratio

of as close to one (1.0), on a molar basis, as is
economically feasible; but, generally, the liquid fraction
hydrogen-to-carbon ratio should be controlled to within the
range of from 1.01 to 1.5 and, more typically, it is
controlled to within the range of from 1.02 to 1.2 and, most
typically, from 1.05 to 1.1, on a molar basis. Typical
hydrocarbon-to-carbon ratios for a hydrocarbon feed to a
pyrolysis cracking unit are in the range of from 1.6 to 2.5,
more typically from 1.7 to 2.2 and, most typically, from 1.8
to 2.0, on a molar basis.

In the control of the pyrolysis cracking process
conditions there is a predetermined desired thermal cracking

severity as represented by a desired hydrogen-to-carbon ratio

12
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zone severity will result in a decrease in the
hydr ogen-to 15 carbon ratio of the pyrolysis product
wo pepgiossofig acti on and that a decrease in the tpPer/meto03/040885

cracking zorie severity will, result in an increase
in the hydrogen-to- carbon ratio :of the: pyrolysis
roduct uid 1r esir able tg o
fo?hgg?hgyﬁﬁﬁyérﬁcgggah urna Zgr%% adto g?oggﬂerOl the

pykoUykdsf pastess, hadtolgpari@oﬁaibomwatb@tweénasmsl @s€ired
to one (1.0), on a nolar basis, as is economcally
liggadi bracthan, hydresanT §o-HEPPR qER B P r 2kt bRe actual
l1H¥9E99f9ﬁ£905359890§§BL905@99$gnb?aE?GtrQE'&QtéPmlned in
wthin the range of from1l .5 and, nore
actypﬁaabéywith tbe2bnrvent i vé | melthodwiledenibbe hangenofto

froml1l.05 to
orgv 38k 03 Gt FRP AP AR ART sV ARTpI cal Ke hRUFSEAF bOnRTRCRE bon
coha@it@8nkoara hyduecanbon fegfloh 9 atopyhipl ySEse£&AEKs NY
unit are in the range of from1.6 to 2.5, nore
berE?Eth9 fesired7ang 2CbuahdlYHBRECRYBPTERFRONf Fai O
30 to 2.0, on a nolar basis. In the control of
tHe pyrol ysis cracking process conditions there is a
pr efibtedif iededesat edal heromh loe adkf hgedseveth¢ydasference
. _represented by a desired hydrogen-to-carbon ratio 12
RS BTN bS8 OB LEBE0%F DAaHs = oFSRERDYFSI DL 5
subteduelngi gHbdaktagti 81udor6PNEKO! 11§61 dPYFOLYSbS
process, a conparison is nmade between the desired
hyﬁrqgaabpnaépr@ﬁrhyarégéhOtér@@rb6ﬁ fasipedngatpe for the
a d \Y n rat
e e S s SN S e
dlﬁEGEEnbEdlhEBEUB widl peguide andi¢deiegttlaé putokysis

The I t ed |
N e T CR R AR

- widgt vabubhydr ggen=5191£4-bRA. %@iépys¥§|y§§ce§9 dPLcking

differential value can be fined as the difference
seVarihE- hydr ocarben-to-carbon ratio as determi ned by

While a number of pyrolysis process operating conditions
can impact the severity of the thermal cracking conditions,
one typical process parameter that is controlled in response
to the differential value in hydrogen-to-carbon ratio is the
cracking temperature within the thermal cracking zone. The
thermal cracking zone temperature is related to and can be
monitored by measurement of the temperature of the pyrolysis
product at the outlet of the thermal cracking zone. The
thermal cracking zone temperature can be controlled by
adjusting the firing rate of the burners of the pyrolysis
furnace.

Now referring to FIG. 1, presented is a simplified
schematic representation of a pyrolysis process system 10 for
thermally cracking a hydrocarbon feed. A hydrocarbon

feedstock is charged, at a known rate, by way of conduit 12

13
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subtracting the actual value for the liquid fraction

hydr ocar bon-t o-carbon ratio fromthe desired val ue for
wo b@4/0589qui d fracti on hydrocarbon-to-carbon raPCDUSA03/040885

negative 15 differential value will require increasing

the pyrolysis.. process cracking severity and. a

positive differentjal. value ....;ylL require.
rohrEkiRRgraFRathy FBPes) 8 pFaibssi L abiPRESLEGig, ppythommal
crBkl ggaripnbee. 161 pxrakysest psoc&aSsopeadt ndg be
~conditions 20 can inpact the severity of the therng|
ingrgeRrag EoRai ERenkydrerarbypi Eapdprecksef paradetkrls by

h ' rohl edmni p : h L.ffegenti
A e A e
witbBnpeaaking fithanet hebebheonatoriacky ngndobernghe 18.

t heroal cracki ng zone t rature is related to and
TheaReRecsSChoRPt bRERSEG MBAGGT SHEN: = oot hLnY eApBr At ife
prolitBe RYERLYSHE tREPRIHCIyatribRiNYttieé Bfdtbeatber NBbed.

cragklng zone. The thernmal cracking_zone tenmperature
Craghipe Eentaef| bdbBy OCHAFESLPngdtHRIENe| AGPYEPLYSIStPE

r | ySLS C [
enpfp®) e 2Ll YRR YRNCpe s B8 coartd HOK LELELULAY Lhe
hytdepregsbohafeéed Dbrahpstoiygsus pnocesise shgdeocdObborfeed.
thermal ly cracking a gédrocarbon feed. A hydrocarbon
Burggygst o8 kIF 51 RRar gB@TPHF L LORNBARS r AEQ, PHYV IS BFanS for
cofBld¥i hgl? §§ey[%80géﬁg§§gégh55¥7£5£095ﬁ9ﬂ0§§§o tRe thermal
cracking furnace tubes or coils 14 of pyrolysis or
crep&ingl zoee adkf hgeflubractathing furneee Stkes grreakds 14.

i pt ipto t f eed . of
conBigr 48" LEEHERLeb’ 2o HR- GG OR DRPoLERTEORGEL L1 20.
Intutpasedl6bni sorquippe2d Sswebhteohckahgef 22 pagleithbesovides

or coils 14 and.burners 18. Therma] c¢racking furnace
me3gSq&PF nEan Br Atht Pgt26nE3 BRdot p%%i JbeP e ahdtp opurners: 18

: tothﬁ&%@byyCSﬁaggineh&hﬁeaydiggafb@@ {1880 he GRACKEPSCking -

furnace tubes or coils 14 define a pyrolysis or

zonRedmélinedakbki agagbhegafdrpaesi debapans ¢okl# ekéivi ng

.'theA tracer gas, such as helium, is introduced through

conduit 24 at a known rate into the diluent steam stream 17
that combines with the hydrocarbon feed being charged to
cracking furnace tubes or coils 14 through conduit 12. The
pyrolysis product is withdrawn as an effluent from cracking
furnace tubes or coils 14 through conduit 26. A sample of
the pyrolysis product is removed from conduit 26 for analysis
by analyzer 28. Analyzer 28 provides means for analyzing the
gas fraction of the pyrolysis product for the tracer gas
concentration, the fraction that is hydrogen and the fraction
that is carbon. To analyze the gas fraction of the pyrolysis
product, the pyrolysis product is first separated into its
gas fraction and liquid fraction, with the gas fraction being

analyzed by analyzer 28. The information generated by

14
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10 hydrocarbon feed for heat input into the

hydr ocarbon feed. Burners 18 define a conbustion zone
w@ea40559v9 de neans for conbusting a fuel to gRCEUS1083/040885

heat for input into the thermal cracking zone defined

by cracking furnace tubes or coils 14. Fuel is

nd PHETEEE S PRUEHT 98 4SRN N4 1G5, 29, by 1ime

32 provides neans for control ling. the rate of fuel

i nput into burners-18 to thereby:control,the heat
inp%tSétf@PJt%eoﬁ h@??mflly%rr%éklﬂ?@ £ e YFIREE Dy rom conduit
c £01 | Surfh 1 ACLT3 H35r oSS e
12 fc?fké&glli |ntro uce t%roug'h 20 co};dwt ZZE?%t a kKnown
for ateasunting hendli deteentmist gen Ste damdyyen Frad cczmmcnescontent
thth hdrocar on, fe bej char edto acki.n
of ¢ ‘?15?:% Fds 1 gconcflwq enera tﬁfg By

an&w@éﬁsw § 0] %iﬂ&hdé?d Wi hﬁcsr@fywtea_s A efdituestl1 ¥ B0 by line
cracking furnace tubes or coils 14 through conduit

36 26. Conparpt eandd WW@IW &@ﬁ%ow%mdﬁe%s rpowigpcessing

théz lg%ow gxyfsérnelgég%é or an é{@ym ng t‘%ﬂfd gas ractf}{%ﬁﬁ/&fern to-

catlhen pyatolyse S fpreducquiart tdet toracelr Iﬁ@ pyrolysis product
entration, the fraction that is h en_and the
andy aET IR ¢ Tl PESEDAIETD i ghe The T F et on
sePdrihe Dyreh ysh stiROrmd DAl ck e AYFHKSi B6 %;@Mﬁes Sin
first” separated into its gas fraction and |iqui

respemrsé ore Ghanoehelyashe rhcdiivh e Hgl ol §uaphyto-carbon
ra% lyzer 28. The information generated by 14 WO
4/ 058919 PCT/ US2003/ 040885 anal yzer 28 is provided
to Tonputterohntheostvatitey GO the [dreck3dy prosngd e of

t he hydrocarbo feed is reppved. fromconduit 12 for -
SELTE] it o 195 TS Y S Vi He P Hing B0 the

de & DF c BRSAH b M AWl S2HSE AT A 1 e MK opRRL ANGE £FDEh is
content™ of the hydrocarbon feed. The information

. prgehdeditiee pymparet yard SGrolbkewi Hed i olidvhpift er Gaputer

an&%é&@'éffeéoa@y%,!weessésfi u%fm%oefmaa&do&wgmeea B9 1ine

es nea proCEeS
32, line 36 and line 38 to compute a value for the hydrogen-

to-carbon ratio of the liquid fraction. A differential value
between the actual hydrogen-to-carbon ratio of the liquid
fraction and the desired hydrogen-to-carbon ratio of the
liquid fraction is computed by computer and controller 30
with an output signal, representative of the differential
value, being sent by line 40 to control valve 22. Control
valve 22 is adjusted in response to the input signal from
line 40 to thereby alter the heat input to thermal cracking
furnace 16 and, thus, the cracking severity, to ultimately
provide a liquid fraction having the desired hydrogen-to-
carbon ratio.

The following example represents a hypothetical

calculation.
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the input information to conpute a value for the
hydrogen-to 10 carbon ratio of the liquid fraction of

WO bw4py390d ysi s product and, further, to provi BET/DERNE040885
to control the cracking severity at which therm
cracking furnace 16 operates in response to changes

Exégpége liquid fraction hydrogen-to-carbon ratio. 15
ntrol the severity of the cracking process, .a

pr ekleder nhmethtval ue; al so,referred to as a set point;
,.- for,the desired hydrogen to carbon ratio for the
|iquid. FFaees orelEum p3a%i dethd oo cHpit er and

control | gry ﬁ Qy?éhn§é§§ Conpi ef ﬁgmhgontroller 30
In

processes’ t ormati on provided by line 20 32,
| i neeBérmnuat iome 8@dt@abcw¢mmzp@svalue for the

hyd f the | f A
11 or etV AfOCRITEN Eetdaanetn: sl 2 58t e hydogen,

gehydreeencieos@ar bon ratio of the liquid fraction and
the desired hydrogen to-carbon ratio of the _|i

fracti onlydreempedf 959 clordieeen afeh ket 1 ol ]r%r8@d”t?250f
34@@;h4ag QHEput4$49ngl kg JEPresentative of the

ferential ng sent by line 40 to contro
val ve 22dy@omtcadbon videad Q2rihen adhpnis¢retd: i n8 6 eGponse oD

I n si gn 40 to thereby alter the
34hg§t E%h? ?#%%%H?é %%?@7 furnace 16 and, thus,
the cr ac(kbn@eﬁemfi@ﬂ ofohéliilhrﬂaiﬂ?'% aS0f P OVisle: @ 80 ppmv
l'iquid fraction having the desired hydrogen-to- carbon

orrati 807 TRR™ ol | owi ng exanpl e represents a hypot hetica

R e L

frydiocar b02168 e8dy /1849811 2. @7 hypmib) Det20 36 hat i oo/ land

Cal cul atj ons drocarbon feed conppsii.i ; 86 wt %
hydrogen ass%r%% hﬁ@@%%&?ﬁﬁﬂ*lon f?.iég 3h gkogen,

*.82.675 wt% carbon -
S - Gas fraction hydrogen content: 17.325 wt% of
20965.1 kg/hr = 3632.20 kg/hr

Gas fraction carbon content: 82.675 wt% of 20965.1
kg/hr = 17332.90 kg/hr

Liquid fraction hydrogen content: 4841.5 kg/hr -
3632.20 kg/hr = 1209.30 kg/hr

Liquid fraction carbon content: 30054.98 kg/hr -
17332.90 kg/hr = 12722.08 kg/hr

Liquid fraction hydrogen-to-carbon ratio: (1209.3
kg/hr)/(12722.08 kg/hr) = 0.095055 on a weight basis,
(0.095055) (12) = 1.14 on a molar basis.

Although this hypothetical calculation has been

calculated in terms of mass flow rates (in kg/hr), it can
also be calculated in terms of mass quantities (e.g. in kg)

i.e. without the time element.
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34931.4 kg/ hr = 4841.5 kg/ hr 10 Hydrocarbon feed
w@a00bossocont ent : 86. 04 wt % of 34931. 4 kg/ hr =PBD05009840885

kg/ hr Concentration of heliumin gas fraction: 80 ppmVv

or 12.807 ppnw Proportion of pyrolysis product that is

t he_ga fracti 2 [ hr

2008811e %75‘915 BRkbAP: ghPRE " Egmoéé%églgggﬂﬁg%ﬁ“% of the
prb)ﬂdh@g?npreferr8d2eﬁ5051mén% caébsnn&%f vaetibofions and

hydr ogen content: 17.325 wt % of 096i g/hr
moéeééchlQ@ﬁhargop@ﬁ§lP%ﬁconﬁheaﬁbahl bAflehP: ths g¥5. Such
va\@"i%’c?tm%ogﬁé fhodkgﬁBEtIo%nggeggl‘fgiHr thbnggpfer 8¢t Lra

hydrogen content: hr - 3632.
de$209baa kgﬁhntLoquaddftaetappendedoﬂléémﬁent 30054. 98

kg/ hr - 25 17332.90 kg/ hr = 12722.08 kg/hr Liquid

fracti on hydrogen-to-carbon ratio: (1209.3

kg/ hr)/(12722. 08 kg/ hr) = 0.095055 on a wei ght basis,

(0.095055)(12) = 1.14 on a nolar basis. Although this

hypot heti cal cal cul ati on has been 30 calculated in

terms of mass flowrates (in kg/hr), it can also be

calculated in ternms of mass quantities (e.g. in kg)

I.e. wthout the tinme elenent. 16 WO 2004/ 058919

PCT/ US2003/ 040885 Wiile this invention has been

described in terns of the presently preferred

enbodi nent, reasonable variations and nodifications

are possible by those skilled in the art. Such

vari ations and nodifications are within the scope of

the 5 described invention and the appended clains. 17
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WD 2004/ 058919 PCT/ US2003/040885 CL Al MS 1 In a

pyrol ysis process in which a known anount of a 5
whymrossaidbon feed contai ning a known anount of PAT/ES®D3/040885

gas, a hydrocarbon feed carbon content and a

hydrocarbon feed hydrogen content, is charged to a

pyrol ysis furnace operated under pyrolysis cracking

process conditions to yield a pyrolysis product

wherein said pyrolysis productr gogprises a 10 liquid

fraction and a gas fracfion, whérein said liquid

fraction conprises a liquid fraction hydrogen content

1.2nd g@%bq g§C§E8%e%§r9ﬁyg%9%hthkk%wkhg&%ﬁ%t of a

prOV|d€ raction rogen-t o-carbon rat

hyﬂ&@c@&@b@lﬁe@@l@ogaslhﬁagtaomncmmpamseataogaSréba@tgae, a
tracer gas concentration, %as fraction hﬁgro en
tR54

hY@éﬁF@ﬁpoén&eédgéérPPﬁcFP8ﬁ685r68 AcBHFEREATRO

vidded f@r det engirgied tsaiad phir-gukd 1 sf Fachizes ted
hyb%&%ggéﬁgigecarbon ratlg conprﬁs?kg tgelgteps g ?gfra ©

undemepmnmlwg1§amdahydngc@ﬁ@@ﬁSSe@@nﬁy@ﬁ@gént@om@@ﬁﬁ a

d feed tent; .
P By e GRE et Focrn SRy AIS0n AREaRr sRgriees 2

lis@iidi Fasdtriaet aer @a@b@nf@ante@hw andxe@a)sdeaeaﬁquhﬂg
said liquid fraction hydro%en to-carbon ratio
fr§@r§tlp@cmﬂ@>rtlﬁ@8dét SR ATAE éFGéOPoPY§5Pae§a§°9§ent and a

1if Q%“fﬂiéﬁﬁyoQ%@b%ﬂnE%%%eBEogbtQﬁeggb?erB%Qd%aﬁuﬁlquld

or sai hydr ocar bon feed hydrogen content to give
f regitd dni @mddogbma¢proarbp@rmgénoconndnwhesabnraandngas

£ éﬁf_etern1ned val ue fo% sat %agr r%ctgonccagg%@ratlon a
eGSRt FFEhERE def8Pnith8d P ueTFortsdfd <30 '
galy drecarilken iredgear konteamt end koggisveEraaitdohi guirdon

fraction carbon content, and cal cul ating the val ue
congendai @ Medliod fralrrdh dery dosgRtesmdarpen spad diaugd

fraction hydrogen-to-carbon ratio comprising the steps of:
(a) determining said hydrocarbon feed hydrogen content
and said hydrocarbon feed carbon content;
(b) determining said gas fraction hydrogen content and
said gas fraction carbon content; and,
(c) determining said liquid fraction hydrogen-to-carbon
ratio by
subtracting the determined value for said gas
fraction hydrogen content from the determined value for said
hydrocarbon feed hydrogen content to give said liquid
fraction hydrogen content,
subtracting the determined value for said gas
fraction carbon content from the determined value for said
hydrocarbon feed carbon content to give said liquid fraction
carbon content, and
calculating the value for said liquid fraction

hydrogen-to~carbon ratio.
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WD 2004/ 058919 PCT/ US2003/ 040885 2. A nethod as
recited in claiml1 wherein in step (b) said gas
wo e@assIm hydr ogen content and said gas fract i BOT/TS2I008040885
content are determned by: 5 determ ning said gas
fraction tracer gas concentration, utilizing the thus
determ ned gas fraction tracer gas concentration to
deternmine the proportion of said pyrolysis product
2.thap metpaddagasedfaedi om, chaitmuli vheragn ihmestdpis(b) said
determ ned proportion of said pyrolysis product 10
gaghhrarsigg; gyaaggwa%?%%n? narélgt BRI NFRY SEFQtHAR carbon
coht8fiti oPe SuLagsRegopyent and said gas fract ion
carbon content. 3. A nethod as recited in claiml or 2
whedetarmisand detérpisi hyastépn (byacsr pgrs orpmeentration,

ei.t.her b ar _.infrared spectraonet r, by.nucl ear
it ict AT s, P o B e B AT STu T G 92
Redimd teidrhes R tEsS neS ReR! aitpiont ioh BY said
gas- chr omat ogr aphy; -and, said determning step .(c) is |,
FAFIES BE aftimts thedr isompdd gs fdidgtitogui gnd utilizing
f.nact,i - - - ratd Q.4
Rl AR PRl o] Te el g BIVIRS B oduet
detegr nisnisegi S ajack Hydraadanbam fdede: rmidriogesaicogiesntt raction
nd, sai d hydrocarbon, feed carb content ; b)
FOfUAR PTG GRS FPAQ T Ry Arogen CoTPen congent
3.sai | mEBRoAr ast o €aabon €patRNt; oL C? wREPEiANG said
l'iquid fraction hydrogen-to-carbon 25 ratio by using
sasdi degasminaeyi shehydebgbh eohferredseiteeerhy neRpby
. b | y r n .
in3 8 RehorpERE R Lo P28t 248 RROL LEP CnyRER e o FORREL
frastidndaydrogeingostemt {bB0isispagf saned gastlieachy onass

carbon content as determ ned by step é ) and said
SPRGHFBREFhEn°F BY %%?b%%ro%%ﬁ?%ﬁ¥9%¥ @Y%t m ned by step’

'.saﬁéédégegﬁiﬁiﬁbngtéﬁi@ciiﬂgiﬁerféﬁﬁéaoﬁycﬂéﬁﬁﬁ.ﬁ@ﬁt@6mputing
an

said iiquid fraction hydrogen-to-carbon ratio.
4. A method as claimed 'in claim 1 comprising the steps of: .

(a) determining said hydrocarbon feed hydrogen
content and said hydrocarbon feed carbon content; .
(b) determining said gas fraction hydrogen content and said
gas fraction carbon content;

(c) computing said liquid fraction hydrogen-to-carbon

ratio by

using said gas fraction hydrogen content as
determined by step (b) and said hydrocarbon feed hydrogen
content as determined by step (a) to determine said liquid
fraction hydrogen content;

using said gas fraction carbon content as
determined by step (b) and said hydrocarbon feed carbon
content as determined by step (a) to determine said liquid

fraction carbon content; and,
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19 WD 2004/ 058919 PCT/ US2003/ 040885 computing said
liquid fraction hydrogen-to-carbon ratio utilizing the
w@bonessdes er mi ned said liquid fraction hydrogeer/US2003/040885
content and the above determned said liquid fraction

carbon content. 5 S. A nethod as recited in claim4

wher ei n: 1, Nj S )] use

near - 1 rFPIRea i ceF Rt Ayt F o kR bR, AR 486 Earpon
rateasut eliyhhgetlod alsavel dyidenconddnsd eedl hydtdgeraction

content and a second ca%culq%ed val ue of said |
hyRya¥eR af BBRCR Bedndat Bo P Roks € ?Feﬁﬁﬂﬂ%@e?ﬁ+%i%bq%{%p
frhBYibs PELHORMBGLPYndet ernining by use of mass

spectronetry a third neasured value of said gas

for.adt m@thacheer gas tedhdentcdatimod; whetrieliinzi ng sai d

(GG RRSHLEY yelye L 0 RUIBILA g ohoooglotl oo

tf% 0 al 'd” pyrolysi s produc
inthatedSsspattrgastrirestponvidnda ufitswimgasared fvabie of
cal cul ated value in conbination... wth--the nass

sasdelydppeerpen' ApafyRydreger HeOhyRR bohd cdnt i d and
ca;éﬁlgﬁéaooam@t §Pt s 01q Sﬁ#&a@gﬁ@orﬁ r 84 08 19691 ¥6nfent ;
ourt nmeasured value of. said gas' _fraction by
dehydndging cehéeni{banis apOf diriedh mpasure val ue of said
gas fraction carbon content; and, conputin tep,(c
o e FEPhRUn By PEUET Atk (MBS Sar T BETTRE REaRu et Gl tRsured
foMes ¥ JdilBlga ITERSERED Y &lrde elr0 g@iisV @ ot ceetedd ion;
cal culated value for said 25 [iquid fraction hydrogen
uttbhethy; sauvt Eatrdngeaanredi Y huerehd u(remPYei @ ¢ rbhst
j 0 u [ [ I
caf B P VL aOR R0 MMEr Lol P St Ty Ol e
theonpsat safldagésufthctadcul amed val ue for said liquid

30 f ti hyd -t 0o- b ' dividing said |
secohal L EanE U FALRaE VaF e DYook LT hT e af R et fon

wiV¥Bl HBetQa8kVEp&at Hometric ;analysis of the hydrcgen content

and the carbon content . of said .gas fraction to give a fourth .
measured value of said gas'.fraction by hydrogen content and a
fifth measure value of said gas fraction carbon content;
and,

computing step (c) 1s performed by

subtracting said fourth measured value from said first
measured value to give a second calculated value for said
liquid fraction hydrogen content;

subtracting said fifth measured value from said second
measured value to give a third calculated value for said
liquid fraction carbon contact; and

computing a fourth calculated value for said liquid
fraction hydrogen-to-carbon ratio by dividing said second
calculated value by said third calculated value to give said

liquid fraction hydrogen-to-carbon ratio.
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liquid fraction hydrogen-to-carbon ratio. 20 WO
2004/ 058919 PCT/ US2003/040885 6. A nethod as recited

WO oan3soef clains 1-5, which nethod conpri sesPaTiesS2003/040885
steps of: (a) determ ning by use of near infrared
spectronetry a first neasured value of said

6.hydf%C%%Q96df%%drEMQEgeeﬂn5aﬁ9nB?nE%§2 s2186C0Rfi ch method

nmeasur ed val ue of said hydrocarbon car bon

coppmtients; the) steper afni ng by use of nmass spectronmetry a
third asured val ue of _sai as_fraction hydrogen
conﬁ@ﬁtn?ﬁgggmlpﬁﬂgtﬁyngﬁgu?gdg$gFuéngFa§39d¥8§§grometry a

fitrsacheasueatbonlaenbentaidOnaroeampuhi Reed hiEsbgen
calculated value for said liquid fraction

CoRygPSgenct 8- EaFBBA RarFBrefdyatvapafi Agidahddfpearbon feed

catBbaulated yalue to a desired value for said |iquid

fraction hydrogen-to-carbon ratio to generate a
di f fled entiebrmahueg hpduid ¢€)mesat speéttngmsary a third

[ ysi ng. proces conditjons in response to
megRPECH: PRAPGnOF. ALGaPas, LTastian ByHEadss. FeRtren #ad
foakahMmBawheeai Ha106t 8F AL AYgsEePribY 168 BSFHOH MBS BYNt ;

det er m ni ng b¥7use-of_nass sgectronetry afifth o
mead Gt edcoBpuyANGeaof isat dcgasuiehedi valueater gasd liquid

£rgoReeAt 58&88@%'-&5% gnSphfifLfth measured val ue in
conputing a “second cal cul ated Val ue of the proportion
of 4did pymphysng sptodfiictst haslislsaed gabud recta diésired

d utilizi i d second, cal cul ated value in ,
va it Ant PO 25T0 ¢ htHEE Hadsh KpRRIPBRERT FRT B JRF L0 to

geférbbe hydiegencgoNiEnta1@8d Lhe carbon content of
said gas fraction to give said third nmeasured val ue
[

and (8ai dcpobrehl ipassrbd parekbystonprathinstepocedsi s
oL PUEL Y UBLARE L00, M I LB (BRI FELE Ve
7.cal Buhatkddvas ueetdtesdaitl claim 6 wherein:

determining step (b) is performed by

determining by ‘use .of mass spectrometry a fifth measured .
value of said gas fraction tracer gas concentration;

utilizing said fifth measured value in computing a
second calculated value of the proportion of said pyrolysis
product that is said gas fraction; and

utilizing said second calculated value in combination
with the mass spectrometric analysis of the hydrogen content
and the carbon content of said gas fraction to give said
third measured value and said fourth measured value;

computing step (c) is performed by

subtracting said third measured value from said first

measured value to give a third calculated value for said

liquid fraction hydrogen content;
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liquid fraction hydrogen content; 21 WO 2004/ 058919
PCT/ US2003/ 040885 subtracting said fourth neasured
wo 200405$91Dm sai d second neasured val ue to gi vePEr/i/92003/6M0885

cal cul ated value for said |iquid fraction carbon

contact; and conputing said first cal cul ated val ue by

di vi_dj C said foyrt
caléﬂ#g?e %%3 ug? |vghs§%%gﬁgaé?gg$r I of sb24" tdcong

mebydfegeﬂanoecabbgmvéaa|@@uﬁﬂnpaalﬁglstep leuESfor said
_performed by subtracting said first cal cul at ed val ue
ligpaeh §5PrAT1ABSFRERCOVaFABER6T i 989said differentia
val UgrpABdng1dagant L oLti 081 84 €RLLE) vENGEUIFSalviding said
|ncrea§|ng ?he severity of said pyrolysis cracﬁlng
thprdceeécubadedl@aéuenbyespbdséouoth caégalavedvahliee to
for said,di ff and creas

glggvﬁ?ﬁ?ylbﬂu§ rﬁﬁ?b? bggﬁ?g%ﬂ| 9 5?5%%§s£g§ﬁaftions

in chAPRONEE EGep RAFI tkVpe¥BbURefiOopysaid differentia
value. 15 8. A nethod as recited in any of clains 1-7
whePBPRra3ardngdeaifedivar ueaierlatedi valngqufaorr aetdon
g | | in
degfEEARER1NG, €Fr B00q ol i 5PgReRELRY, DAFLS; ofarn
1:.6&ntoollbng Hbep paiticoladéy fnonedsOR2gtbdhe severity of
|cuIaH

Saﬁ@tﬂ%ﬁoégsFécF? Fﬂgaﬂ§° ?SélﬁPﬂé il%nﬁh%?eFﬁsggPﬁeA%O a

ne§¥E OV ¥skg1Geaekikngaf Ur aaeecr8pt UdESvAI LBCEABI d6ERELENEg the
zone, and, wherein said pyrolysis cracking process
SeE@ﬁdFVl@ﬁsSaPﬁcPMH@lES%ﬁe@ﬁﬁ@kéﬁ%cRFﬁ@eé%n@OHdltlonS in
reéﬁgHSEaEHYS ﬁ@EEPlbé 351589E8§895§&'m§f9£5é9€1§EV€£i&¥.
0 Sis"cracking ~process er eby ‘I ncreases
g.in Aamdthbdraalrecatkdngnzmnp ofeub&tmbule?pwbardénfwaid

an increase i.n the erit f said ro
de g R K LB ofBES abRdl LB DRACRbLEP cBLUEOT ﬁnsa?dcarbon

- ratherBal achatkikngazopei kefRerRb UFenRE O¥EdErEQT 180 to 2.0,

decrease in 30 the severity of said pyrolysis cr acki ng
paptobecessrégndiremohsPl to 1.5, more particularly from 1.02 tc

1.2 and, most particularly, from 1.05 to 1.1.
9. A method as recited in any of claims 1-8 wherein said
pyrolysis cracking furnace includes a thermal cracking zone;
and,

wherein said pyrolysis cracking process conditions
include a thermal cracking zone temperature which is
representative of the severity of said pyrolysis cracking
process whereby increases in said thermal cracking zone
temperature provide for an increase in the severity of said
pyrolysis cracking process conditions and decreases in said
thermal cracking zone temperature provide for a decrease in
the severity of said pyrolysis cracking process conditions;
and,

controlling step (e) provides for maintaining said thermal

cracking zone temperature in the range of from 750°C to 950°C
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and, controlling step (e) provides for maintaining
said thermal cracking zone tenperature in the range
wo@Rooknssny50C to 950C 22 WD 2004/ 058919 PCT/US2003/040885
PCT/ US2003/ 040885 by increasing said thermal cracking
zone tenperature in response to a negative value for
ald differential yvalue, a e ther
bycf%% ?%@lQ%ne %gn%%ra %%égg%cgéé o%éégg%gﬁgg atu¥gni
re¥poiice fO6 sahdodiitvereatual foal seid Sdiﬂfeﬁeneidnbdvasue and
recited in any of clains 1-9, wherein the tracer gas
de$§e%%}%%t%@l@rBﬂ?¥%%lg?%%%k%%%s?%??nEeTPeFéﬁv{ﬁnln response
toaég§851@i$é09§9u§n§oPeQ£1da@gffé9§n€[§£96a9@§ i s
present 1n an anount ranging from 100 ppm by vol une
10to AO@@tppdwby vetuped paranyuwhréyatimeoni4190 pperdin the
vol une_to

erdPab Gt o 3 e hPibed o et caTs FORMELIE sl ium,

ar%@ﬁﬂ €00E848h NGn@ KGN a@UNtheftt8BELIg@ASis Present in
ydrocar bon feed hydrogen content and a hydrocarbon
anf alpguitr BARJ EBGt ERPM 5 @op%zp; aY‘EI%UI&%n?ﬁl 50¢@: pam by
voPYho! YSh s L nace, TeAgs 9@ TOEEAB! 676K B by
zone’ ‘operafed untler pyro y s cr I ng, process
votemdi ti ons, which include a thermal!. cracklng zone
te erature, aLd .pyrolysis : furnace nmean
 GRSPT BAE S aERF e ST by FEREFEOR T eBiotip, amount of a
hy@f@gé‘ﬁ@oﬁ PYEQ! ¥6h6a DR OCYICE B0OWH | ShPEh@ b Quigker gas, a
fraction and 20 a gas fraction; first analyzer neans
hY¢©®C@éb@ﬂnfﬁ@ﬁghfﬁéonﬁﬂngﬁﬁﬁn%oﬁ@@n@ ydseggrbon feed
e g carbon
ca%%%% ?ﬁpggsa gghé Q%% gﬁéfé ,fggc% d anal yzer
neapgrébysﬂeténnmmcagméimstdafemlggsa 2 comt eata@tiomn zone
sai d gas fract and for, determning th h droqﬁn

oD ZBALEN MATTBIP BT O Ui goer T FiA | GFDGRAE TPt e 10ns,

.indeh&E N nat b BRa 1.her 3L DY - £onNs et figd + oPuRE, S8 h §Sprolysis

fraction; and

furnace means provides for cracking said hydrocarbon feed.to - . .

.produce a pyrolysis product comprising a liquid fraction and

a gas fraction;

first analyzer means for determining the hydrogen
content of said hydrocarbon feed and for determining the
carbon content of said hydrocarbon feed;

second analyzer means for determining the tracer gas
concentration of said gas fraction and for determining the
hydrogen concentration of said gas fraction and for
determination the carbon concentration of said gas fraction;
and

computation means for determining the hydrogen-to-carbon
ratio of said liquid fraction by using the determined
hydrogen content of said hydrocarbon feed and the determined
carbon content of said hydrocarbon feed as determined by said

first analyzer means, and the determined hydrogen
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conmput ati on neans for determ ning the

hydr ogen-to-carbon 30 ratio of said liquid fraction
whyooussse t he determ ned hydrogen content of BeEI/US2003/040885

hydr ocarbon feed and the determ ned carbon content of

sai d hydrocarbon feed as determ ned by said first

o868} GEhs18 BETPOd0BIT0308RE CRoREanE P oL RBFCBPLagf gcarbon

cogasntractibanodndat hegdet eratoedncasbdateennaeat bat sand
of said %as fraction as determ ned by said second

segRrRAy2BRA L HBRASME2DS - An apparatus as defined in claim

1211, AhURLBEEAEQEPELSHAG i ned §ANRREERT1 TBARS EAL ising:
conpar%%g tﬁe deterninégeﬁydrogen- to-carbgn rgtfgmgflSlng
sai dohnpguidgf maghsohoascdepermaethpydesedmined hydrogen-
conput atiop,. neans _to generate_a differential value .

to5gRben EACUBoPFea ngarogeat: braaFbof Far FE PERLEgH Py satd

combOubtibhambhfB 88dgehbeatet grdi nedrbydl oUeRal QeCBEDRBen a
ratio of said liquid 10 fraction; control neans for

degdradt hrgreara-tAsFARPORr BekiAgt2Bné3 1 tempEraduf BaFRion and

thECYBOOSR1 hEa SR BhEReEBNLABhoN aLUE oS8k dshl 85T 1quid
anal'yzer neans”iIncfudes a near infrared anal yzer;

frantdjiodb said second anal yzer neans includes a nass
spectrone

er.. 2 : : . .
contro& means %or adjusting said thermal cracking zone
temperature in response to said differential value;
said first analyzer means includes a near infrared analyzer;

and,

said second analyzer means includes a mass spectrometer..
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