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2 APPARATUS AND METHOD FOR DETERM NI NG AND CONTROLLI NG
THE HYDROGEN- TO- CARBON RATI O OF A PYROLYSI S PRODUCT
LIQU D FRACTION 5 Field of the Invention The invention
relates to a nethod and apparatus for deternm ning the
hydfogen-to-carbon ratio of a liquid hydrocarbon:
Anot her aspect of the invention relates to a nethod

and ap oII|n t he severltX of
pyrol y ?@ﬂ%ﬁﬁ% %%*9 Ceaed GQEROLLING
| nventi on g ﬁ&‘ﬁe@YﬁPﬁﬁséﬁd
processi ng of - hydr 5%“5 LIQYLR rERAGTANedge of the
rati o of hydrogen-to- carbon in either the
hyRired@abliotBe beh Pehtiig@cessed and/ or 15 produced. Once
such prgcess IS fhe production of aolefins, in
par ti cdPSr IMEFRT IR dieladespior ndratiacha@ndc PRERFABUSFEOT
hyabreent RORg f B10sl Hyrikyenlhe-thas MRl ratHACKIENG, 1 94uid
px@gﬁy5|s of a hydrocarbon feedstock to prepare
GRS F RO K RedcR9PEEE ¢h thee lgventiop febates to a

PrRE®s8 hHd ORSPAtAD©OFor ESAPESidlg THAl %eﬁrerpwd&@e
ol efins, for exanple ethylene and propylene, in |arge

qRAFPLY LS | c?@%%ﬂﬁbﬁ“ﬁFSééQ% for commercia

apRlckgabhfd &6 tHNGnvanebgh the hydrocarbon feedstock

IS passe rough one or nore tubes or coils which '
def i nefantHRATEl L PTRCRPAYS zEvie B sefanppgorydiprocessing of
f wa2e8arkiedd L*ég%i!ﬁre' %n@&@é(é!éj@%tb)ﬁh@e 98:18fof ﬁg}dlﬁbrg%n to-

The properties hydr ocar bon fee stock
cGRAPPR oM ®d&aT Whiec hyErecazhansabednackrngessgcand/or
Plhaeaucée! erdgidee duhe P?BH&@S and t(ﬁ%nggpﬁﬁc{?{oﬂ her olefﬁ.ns, in

product. In 30 genera esir e to operate t
t RBFhfuk3ndlaHey opeéiass v té@ ttbeﬂrmﬁﬂ-nczecltm ddgr ee

Ohy@ektdthon N dRLRKE! Cracking or degree of
conversion in the thermal cracking process is

ref er r 82 tthealherer iRy ngs everilyyis Thef | @vetdrocarbon
feedstock to prepare clefins is a known technique in the art.

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. 1In
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 | cracking increases, until a point is reached
at which the |evel of coke becones unacceptable. This
point is often referred to as the maxi mum cracki ng
severity, -and often represents an optinmm point-- -- -
conbining a high olefin yield 5 with an acceptabl e
length of time for which the furnace nm be operated
lmefaokénghenboed sk sup uofciéoRePtPic;qﬁJiirSesfeﬁﬁge@ uphadleich ghe
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Icators o crac severity
lumnh heeacdeﬁtﬂbmawd@nbmh gﬁetlmﬁ(ﬁnﬂ:wbﬂphnehe furnace may
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afo bee shot 1dowmapiurhaecoéeki ng., and the nol ecul ar

I d at . o
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tce?ftr&exr atigh®y Orﬂestmulleeltaabe calbkitrrg opelbeter thei thermradd

th d tent of th I d t
SRRV 0 AL O S 00l i

tch%ck&&grraéuéﬂﬁtyﬂemhumbhyl efleinckLctart@rs of cracking
propyl.ene-to-net hang rati.o ( M@ h

AL, POV Rt e ST SERME " 1% HE §eBEEQALLnS
fcaghegicial thétﬁ&ﬁﬂdﬁwck&hgcbrn@psnamcesExahpmesemf s$uh
senS|t|V|ty 0 ese indic tors to Ctor suc%

TGRS OF R LRRHEGR TS APBORL P CURTICR Va e B L R Uoe in
g radbial bi:uclaimjhemzﬁ tmeodumécusbamIddlglsdeohnpqnmeigen/,e used
rise to roblenB en usi_n t hese ndlcat

of? d:htené ﬁvﬁ{f\a{; \M]ﬂ-é\ P&:g@% ont3TESEs pBea a@grgalﬁclude
AcfOIflitneky tebpefure afnerd tiosrmal Idtdlcd;ahgrtuﬁﬁe or coil,
cracking severity which |% g gﬁns ive tgtgug the -

AV &S SBCHAT SRR E s Of EBS REPEY

fdasdiialg precagd. Wi garamgthe commsilyy employpar i eche

into a process control system B. P.

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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Ennis et al. ("H gh Tenperature-Low Contact Tine
Pyrolysis Process," Synposium Series 43, Institute of
Chenical 2 Engineers, Harrogate, Eng., June 1975)

descri be a steam pyrolysis process for the thernal
cracking of a wi de range of naphtha fractions.- Ennis -
et al. state that a particularly valuable index of
pyrolysis severity is the hydrogen-to 5 carbon atomc
[Extgiineemst hdbapyogdtesi Engasofume W Hduckesgorilds a agtkam
heavi.er rodyct E CLEb
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&h@hthaqﬁrdcphage aﬂ@nuheeteshltstg;q(yma@neypﬁtﬁlQuﬂﬁily
for,mati.on, Slnc l.gu ro -

RIERGR i aaThof Ry SaSRh R s HERY ORRY hRaffuaetto
mmaﬁbmtedomielrhtﬁo(ih aheé pyrolysrs gawedient praduact e Cs

S BRERAES: (T Buefidsp | narBlr e, FUASHER, Bhte

medny af measpse i o) thel eletglreet gf adetyiirogamstilept &f ofhe

S b 80 RS L LR CRTRLS) 3o pbRE 2B on.
pithcegehet eamnbaxred Hyﬂlt:bgeﬂf—tdbhﬂﬁﬁ:mmdmot sft théeCsa
usef ul ingica r

oG5, CRERES GiP o ALS Perdrmrer viedd, gf G ™

NMEhteed conponsntd amy cthe ugadoqm-etcm{cmboa taeiowf the

Ki
a0 HialboStiahy digg Bt chRbbreaur iy HIGEratTeds 2o

féﬂbélm%hbomeaﬁﬁO&EKHbm@hrangheén@&txxua@kamgtpeosame degsth of
been difficult to deter

a
AFOE BT FA S PYRLKG LS PR P EBedaFotkan ed
on th@hﬁi&'Bn@is&ﬂ:%ﬂﬁ'%&b@e@f tme1nhy@Ebhﬁﬂbﬁgen—to—carbon
feedstock and the gaseous $%ﬁéﬁf ,,usFaILngS King .
grtaioned &FFe?5%P¥ﬂ9Wﬁqse&°fE%d C A3 SRFQR oF cracking
fdJedWRe, b¥hare SisAldier10butdensdea e Ih@wC@ﬁdstpa)fﬁineter

usi ng a nmodel . However, none of the options ava Ia
are o ket meapured 1e howy dtoBaR-b%- tssthoi PRRFEST 8 (igrermal

he 43662 r8ce89tdla RAMBIELEL . sl ACCHedebgEyre ] hite
Ié;éigqi%dh;giogégg¥gugir%2nd$;eéégryfgild (Cs+) 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 (Cs-} 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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t he hydrogen-to-carbon ratio of a Iiquid hydrocarbon
fraction which may be readily incorporated in a
commercial process control system 3 Sunmmary of the
Invention In a pyrolysis process in which a known
amount of a - hydrocarbon feed containing a known_
anount of tracer gas, a hydrocarbon feed carbon
content and a hydrocarbon feed 5 hydrogen content, is
nfurnace operated under

pyrolyﬁlaspé; g PEOEESS ﬁpwlkhogskﬁewy'ﬂ R of a
yrol ysis ereln sal d pyrolysis product
spApréaEerm faedgrataiand on kaoynaagasnt rek timager gas, a

groi gy X : .

SRR, desdtatooh AT SR008) REArGqldl Fee
bad begere orngent, 0is heln@tgeqort@vladeyaollmm dfurfraget bparated

t r
PEEOHRIEIYAAY B0RCkA] B ROaORHL B3 B dFena &
pmn@leyﬁ:rsammuca wgasein ea:atudopybrydysg&rpmﬁuce:ntcoapdlaes a
ar.han tent e j [ O i a

I8 A oL AR GRL SRl hREFRL AR 2188
ﬁy@ntn;gn4xmmgnasbenarbiqundxﬁqactsbnghyﬁspgﬂnﬂmpntsht ¢agl a

i e h en tent, .
S{'fﬁg{ sal @rz%ygrogg:? 25 car oﬁhc%g?g%]?w((:lb?% & Elquld
fled erivmihygiroged- gascérhnn|nmn1bydangemh£mmmemmiandas20
as fraction carbon cont.ent ; c) deter n
BRI B aRE, R0 andu St s aPes 959 sifis ekt ith, a
gmbtfmanﬁuqy higedrdgtereammthty ahdeaf gais sferattjas carbon
ctlon h dr.o gen content .fromthe

PR R IR S e W wied hy B o e e iy fpg csata
$BquhdIﬂnﬂdiloﬁragﬂrﬁqeﬁﬁﬂhngeboﬂOﬂéfﬂﬁ,cdmﬂﬁlsaﬂglﬁ@e steps

: Atge determ ned val ue for said gas fraction carbon

20

25

30

Htent fromthe determ ned value for said
hydr ogsr baetkemtn Cadg bsali d bydebtatiboyi Seed aiydlrblgqul dont ent.

a<99§51&1hydrocarbon 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 wvalue 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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30 carbon content, and cal culating the value for said
liquid fraction hydrogen- to-carbon ratio. 4 Also, a
nmet hod is provided for controlling said pyrolysis
cracki ng process conditions, said nethod conprises

the steps of: (a) determ ning, preferably by use of
near infrared 5 spectronetry, a first nmeasured val ue
of sai d hydrocarbon feed hydrogen content and a
secon®lFfasareetied e Froyifed Humrardeddifigedatdr bon
GO AR s( US S ...
e Dokey PLaCRiRy Bibcde EORMFLANY Shidfghol Shorises
f%c5t8RS 2b: hydrogen content and a fourth measured

val ue (g s@kfe 8851idd agk tent ; ) .
conpusizg g#??rstJggpcg%g?gﬁgggfﬁgr%%% ggigeégqtﬁ%fared
fPECtronehyXir oy efinsd- sgeboned adloe (o) seddphydnocastich feed
fHaS: I e ' val for,said

I iﬁduibggfﬁrgﬁ?%ﬁghay r%gg%-e?lgq g'[gr %%%rda&?%u?oggg%?feq' ate
@Y%FPFQFQ@HiEﬁedmﬂaﬁbpnandntqnta controlling said

pyrol ygi s &LaSiiNdnaPr i.tiaons in response to
said glﬁ%‘ f eér?%nt [ am\?gﬁug?(g?%rag&g)iq%yoﬁfeaﬁ%a‘ﬁ?)%ﬁ atus is
[FPEGL demetxy, taherhiald peafiread ackivegod kaddngasrofydctabn
han.de contai ni,ng a __ kngwn_anount of.
??ggg?&ggés, a rLtyggigcgr g%‘ﬁr L AFARae ggﬁfu%o?é eitih9asa
Hyarbier borrfaredtop&ebbn content, sai d apparat us

o 2L VLR B L8 2 1 P
Fraceden duntliadenns o-whridn datdloude a thermal cracking

or ovi I rspirdne Rata VA rdeul BRArtatba ¢o a desires
padde ctor smirdollyigiuddpt pakticitonc byEEbENGt & dd bl ratio to
BER@EiéH]éﬂaiff%rg%§i£{a&%ﬂégy-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 hydroccarbon 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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30 first analyzer neans for determ ning the hydrogen
content of said hydrocarbon feed and for determ ning
the carbon content of said hydrocarbon feed; 5 second
anal yzer means for determning the tracer gas
concentration of said gas fraction and for determ ning
the hydrogen concentrati.on of said gas fraction and
for determ nation the carbon concentration of said gas
f r act FERONA SARAY 28 PgRasi ar ndetexfiodindetbent nacer tdees
siceaeRat Qof APUAI o b0 rPLotd! ddlthd HEBCERON Y tne

0
usi ng the determ ned ydrogen content of sa

KYFrGO8RhePsET atient RE det@rgamddactaphboandofibent of

it rAY HE oL R Tgedoas . by rsgldq19. figst . .

anal yzer neans, ar?% tﬁg agl?%%#gn%g%ﬁyéFogégd §ad ' fction;
entration of said gas fraction and the determ ned

car boBoms@nGET #ehfl 8L, S %iBBaGBLoﬂy{?#gﬁn-to—carbon

determ ned by said second analyzer “neans.
Beseri pfi ¥nihrlimddDE aarhien Hy RisGnglthe detsefeimdd C

hYBEE§EN! At +0h £00E | of Lhe, Lnventive .
p?r ol 3§/si s pr%?&é%;%%@?n@%ﬁ%t%m&%& arb%?%}%érﬁ\éﬁémmed
sAghednteiantngtt heidylydgerartonc debdnas détemiinddnBy said

el gt do f I,.0 a ol,ysi roduct . tailed

Descr | %téi%ﬁztejgf H‘teﬁfewl ng%%tif%en d%&%fﬂén ‘?e E%oqeﬁ\/enti on
pPBGeRiesa tiomerifodaidrgaet frattiiongand hthe determined carbon
BYAL09EN¢i¥nCaEbQD., §at ] f the liquid fraction of a

pyr ol ysi s"ll%rnoggc?Q%%aéélgsforyﬁcéllﬁgda?r%?]’fear“l y said
greend mpalyere wéams pyrol ysis cracking process unit.

BPi&r P [ r_.the | cracking process, a
T ciBrlod of thie B d 25 to a pyrolysis or

t her nBIG.crlladki agséhematries Weprabyntfiei orhydr @&@r BRABoH 88cht
j is . r tic or thermal. cracki ng process
%gn |t'il§%esgﬁggy$%fws SoPTEFEER W Th TGO syStomefered
deomning ngy aodl ysomst falrlniage thehrydyslfacadearbeadsi 06K of
Hﬁ@q.j!d?zitdh?rggt‘?{gr?lo raa%l§rlrg9ysis 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. 1In 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 hydrocarben feedstock used in the thermal cracking
process of the present invention may be any of the
hydrocarbons or hydrocarben fractions used in conventional
thermal cracking processes for the preparation of olefins.

Suitable feedstocks range from C4 fractions, such as butane,

6
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30 process of the present invention may be any of the

hydr ocar bons or hydrocarbon fractions used in

conventional thermal cracking processes for the

preparation of olefins. Suitable feedstocks range

fromC4 fractions, such as butane, 6 C5 fractions,

such as pentane, as well as gasoline, naphtha,

kergsene, and gasoil fractions. Hydrocarbon feedstocks

a® TRaghiony \AuchuRSgRSBLERe NEAs aledd Be eapdlims, rBphtha,
RSP eOhngt e Is nt i | rticular
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narhichas NEAVW 1\LRC i r I;00s, bekn .

espe??al?ﬁgpreferrﬁg? gggg?@%ﬁéﬁaﬂhﬁgghﬁgaﬁ%%a#%grPse with

RSPt BE Kk shapht havadielry spne damd che fvyr vexaom| @as byl

NeaRs i t he ti.apal [N of crude_ oil. The .

e reiohe! NP B ndBl bl L heBb Y Taphp gasoi1

ffFactiens brind cwpgchel by nbed trmreor faedbxbtke. ofTHehe

f i f . f thi
o R0 ro R BEBRReB it (s easa By
BSAPE Nyt phentcomanens iohal t hef indowoodr boudé et ocheay

d d by . 15 th trol tem
b Ao R RER VL ollnd ot OB FELHLS |5 AR

MANE&eRedrieineg nbrflotentr A Ininpuireeo £ hyle ofeltdi@m@ar bon
rati oa0f - rolLy¥sis. product li.quid fraction even

when ?é&ﬁéﬁ%ﬁqg&ﬁlé%t%@?i%ﬁ%?%ﬁs 8ﬁaﬁ§%§ e on is that
Ebnpoertians on bbel compuiitriionr angebef 1 1A PJHIHOGaREEN.F

f . earlier noted, the hydrocarbon
PR R bon eRR L i3t Rl nd ok mogiated by
theremit molaskshgmz onthatAnys , Stthtabh@en i @C @&t hod is

s can,be enpl oyed far the
BT oRaoTRly BREc TP OB M RaTaRt Parand GAroeedd indat he

byawagdny t25caphbn ech it & CONEEPGEALy SIGAIR cRANRLOY Squid

KRt “HRE fhaf uiunter ALuSteridans paq cpahoRe in the
. ydr o

cenngsdrt iceact abothings pMinehrdede ner dre thQBHBL"bon

fgégﬁ%&@i.zone into which heat is supplied.

As earlier noted, the hydroca;bon feedstock is subjected
to thermal cracking in a thermal cracking zone. Any suitable
brocess 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
inistalled 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 combusticn
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

7
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Heating of the coils is typically provided by the
conbustion 30 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 7 to
yield olefins, reference is nade to Kirk-Q hmer

myé?éseaiafms CrefreancTethmadryyto KiirkdOtamer on,
&by&@o?edlé’a&f%hﬁe%c&@ f'é&thg@g&Pp@Hh%H”ngPMt '\Rﬁ]‘:ume 9,

of the thermal cracking zone dependent upon
P3gepf HR0deaighl-of the thermal cracki ng apparatus and

the S@Hsrbﬁé&ﬁat e%eklhgghgﬁgher ?r%[e +h@¢ deép&?ﬁﬁ%n zone

feedstock 1s Int crack g zo
@A Aependemlerunanw dhpsspeatficel dasiwmi off the thermal

b
%QE??Q : Cra{%uesc%gstﬁ% ag%%erelnhcgl b%g'%@%g cgf cﬂﬂtrre%ld
dhe bpdreerripui ¢b6dangeko¢s héﬁidﬁegﬂstbekthé@qnlxnracklng

Egﬂgeﬁﬁ’fgjé ea:‘) ftfet‘?rh:seetﬁ_'?%él%%g{mea KNGy 3 DR ASIT % cﬁ:ﬁ;carbon

t he out cracking  "zone, are
pahgeudéss f eranki50CThe ot SBPEY a tiiree regueted abd yefﬁeam 8@@€king

0
WP grRert? ol BRICGRE TR RLBLTRIR S engey ot
ther feedstnckat a‘,ypnealsut@npenmmesedoat théet At of
n.th f f
T G a5 SRAT R
ieﬂeszre(Iubadh)e &an§@0of<9_6rcﬁr3 7*5@!’& t2®skhe, fhovwe at e at

whi ch t he drocar bon feedstock is supplled to the
PRefemdblky a‘}clﬂ(:)lfh@OQEﬁwé'-QM%I0°@epend upon the specific

desi gf, Of JJ&SQV nggl tagtfboe"’}{a‘ lésat\/\é}‘ni_g ta%s.’l.e & Bregsure-

const rai owWr at'e
THei t:mrma‘ll @Maaﬂcesg ofs txhseﬂw@bdqracbnmé@eﬁﬂi (ank ai pressure,

FOTIER s, S48, Sy Pebd S bl 00, AT g oo
18009 0ok gfdom t1@058PHO0L H:gyrhr toThaOr kBa 'd(‘ﬁ]cbeaxt)l,rmoﬂé
59@f£¥£ﬁ1‘}°%%91”168€19§§ oGk Hal )t RS 300 xPa (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 te 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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thermal cracking zone will depend upon the apparatus
design and the other process operating conditions.

Typi cal 30 residence tines for the hydrocarbon

feedstock in the thermal cracking zone are in the

range of. from 0.05 seconds to 1.0 seconds, nore o
preferably from0.10 seconds to 0.50 seconds. 8 To

aid the thermal cracking process, the hydrocarbon

f eedSicoelt drbie behenmedd oxiaching Preeesh [thenhydracepeon
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e areth PR e Bosehes e RS Ghhne e,
ﬁﬂmq@}rlm psesent oduotex;ghel datif refndihaeantetaahydrocarbon

[ z f Si r

SE, el 8, 100N of ' P RTE? ol AREARAERG Bl 0.3
H@ﬂkgiUQuDdBfkaékgon of the pyrolysis product conprises
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B o Do VEat bty AR 91 0B Do KheEnERRE) CEERONg
;gnaﬂq¢smgeppgdubysxxnnndcses perelomd namdmprihesea liguid

AALQRAT BRNS,NGYL NG LRYCAOT RS FRIRPT ALRTBAPEE the

51%ec e gaseous conpoun nc |ng car bon

gyrubyaie peadbon cahgmms@s phgdomgﬁantmy'mwdepchyUQMQKhaving

hel i Th t th t s
BVe. 51 FPBR SFTR07 ARG RRBURY BT 4 Hkrrer PadcFrgkton
dﬁ)ﬁﬂeepbydnpsﬁsbpwnddb&edsmpcks@@lpupddmmngedlyothbma

ner

R ERReti PART 57 G Ohe T500 TGREIOn B opALEPR g tecule
drid @agl@ouhecp:yp@d:rycm &m:aadkng\gcam wreshaided carkorbe

el BAEPRES i s e PR SRTRT] GRITHE gr oup

: ConSﬂmhlmgvﬁﬁtlﬂwljnﬂnudasgﬁﬁe_Iﬁﬁfdﬁkﬂtloandrn&dmltlon of a

T3S shesrbh Phoines® Biarae' b PSR g bovs
g dAteiksS b@ﬁﬁgl UShargERe tpr eher petolyHcerfugasace f or tthsee
ég%égg% Inxggtiggkésagge%hgglcgyeségtégT‘ %%%vgags 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 sclubility 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 gquantities ranging from 100 ppm by wvolume 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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i ntroduced in quantities ranging from 100 ppm by
volunme to 1000 ppm by vol une, particularly 100 ppm by
vol une to 500 ppm 30 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, 9
because the anobunt of tracer gas introduced into the
hgerwrartden ameunst of kt pack 1t i@ sadpbtnedeted idrter &hBon
heerst DGon %E%dgeﬁgkkgﬁﬁw%hé:Qﬁoaﬁgpgftﬁiﬁkégaﬂﬂyﬁ feedstock
pyrol ysis product that is the gas fraction ca
Fé%d?q't;h ke oyt e thi neropyr triwas gifi nge Spy bl wouirec grodack ophat
of {ha | g
B oo o JapetAgh o5 S A9788, EOEkhAka plfeasyring
f-h%mcrrmenmyntbendef etragr gap dhet dismgin Hhe glase ftect ion.
t t
ydr ocC rboﬁ%g?ggdgﬁ%c&%q%rsﬁ gg%%%%agﬁdue P%e
flrmfelrorga@ylbecdﬂtermxrzﬂd &y divitingashd r\ad.tueorﬁorThl&e
Hﬁ&urpfaﬂolﬁ%tt b#CtEa %a 'i:.sco E‘Sec? ”Aéc!‘%han Sr'acszar
t pyrolysi s produc rac '6h~ usi hg conv tP6ha
wtzcmk yahbef veasumdd/ zaiget Eergﬂseftrraaziamqasf t he
ogduc [tahl e on-1ine anal yzers can
(Pynlg:cﬁ rﬁya‘%i‘%af g# Eegl(%rfg % afl}agg +Chr omat ographs and nass
spectTheneser of e ated geze gabepgmufs adtd @m-laneaaphkysis

I led and th :
¢ S LR cor S Bee FrSSRLSE R Ban YRRt
eiuaa]qtzammanstﬁgn drea lrrdingz ede uga N f raztiitoabb€ anal yzer
R R N R e
fonlexamplef Hhe gtazsoniarta:@tmaphs &ﬁddm@@ed:t&bmdﬁersl he

I f h
PR R0 SR e AT T W

mraﬂﬁmitlbhaboleﬁ de s ghsactaOtidindnd TAquid fraction
ue for .the 25 hydro en o- car?yze atio

nmeasu a va,k
o’?e ] aﬁgé t actiorf® s HE2EbAR naf? ®saef using
suifrailet boalgasr heeaiedot ded@hﬁirt& ne & ht@:abﬁdr ggen

concentratien 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

10



content of the gas fraction and the carbon content of
the gas fraction. In the inventive nethod, the

hydr ogen-to-carbon ratio of 30 the liquid fraction of
the pyrolysis product is determned indirectly by
determ ning the hydrogen and carhon contents of the
gas fraction by the nethod descri bed above and

determ ning, using any suitable anal yzer neans, the
hydrogen 10 and carbon contents of the hydrocarbon

f 860 chebbil ccorientky of stheilydzndarbdre feedareufk® i ng t he

di fference petween P
TS H B EB Nt d® ?’?ﬁe%%a&uggg#ﬁ ]%v%grgggen and
Q?étﬂﬂancﬁﬁé s EES ﬂracplwmtﬂrogahuesd feprhohe CaRbRRS 850
h n_and car h dam
oS3 SRgetr AT BRahtRte Yl Sheptd S, e
fﬁl\w €ori the ganchratshyd rmgnﬁtcﬁﬁb% are

mﬁggn %E?&gioglnocae% lﬁfﬁneag can dd& od. bon

pr ef e Amgd suem@ EOFRYRET BTRTE EPY 2¢ ?\'@e”‘aﬁé
hﬁgﬁ%?ib QBnf 82 d? theOBydfiseatEonOfead YD o i onal

near 1"frared (NIR) analysis techpique he of
cdﬁminéﬂal the Fadorn &Rt T °:fe§gﬁ tesa

Wd Glea.t efhdigherer rEalane;&:fsf etr adthm‘alqﬁ agaﬂ.yzing
tec nique is. NIR s un
{ Rt rtwmpa@e#@a% TTie s ween Pl adl bvinte
anaky zarkdayeBheNiiR sonalybis anediyiigoak eBdHhs q!@esoﬁn t h
t he carbon ont ent beln t b ff
TRETRY | RYSpECt r 61 o F?‘g ’?J chnl qﬁegmﬁ)ovﬁg{ag%&al

cestlmnimacuantrhgesrefiesredsans hOvicnd Fertmi@ediscRIBind

onl t B h
¥ R ey ?ﬁ%%ﬁ;ﬁﬁ@{g T and

t nentﬁqufc&hsohy%r@apbéﬁaéoﬁ éﬁ!ﬁlafﬁ?% FHen PSR
t QAR UsBa1 /i e teainhﬂﬁaa%n Ak ¥E Sfhe ARrbenUeattdrt betng

determ nati on % sui tagl e csgut gsl on ;gané o&
tﬁ‘@tP?ﬂa’dﬁF F’h’aéf‘- 'ﬁr nee. ,

The use of NIR spectrometric tec_:hniqﬁes provides
ce:rtaj;n advantages guch as allowing for the guick and
direct online analysis of the hydrocarbon feed. The
values for the hydrocarbon feed hydrogen content and the
hydrocarbon feed carbon content cobtained through the use
of the online analyzer can be uged in the determination
by any suitable computation means of the liquid fracticon
-hydrogen content and the liguid fraction carbon content.
The liquid fraction hydrogen-to-carbon ratic is
detearmined by using the information relat;ing to ths
hydrogen and carbon contents of the hydrocarbon feed and
the gas fraction of the pyrolysis product. obtained by use
of the above-described analysis tec:hniqués and computing
valuaes for the liguid fraction '
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hydr ogen 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
obt ai ned by use of the above-described anal ysis

techni ques and conputing values for the liquid

fwaderoen FNENDED agHEETe hHawigh f réGtient candon heonieql-d
3Gt Lo n : ' : MAl (Wpp -
R el B S Rt B R TR R YE S RE Hegen
tthecpybor yeatsiprofdgbe piged ybifsr derdsst 1iayidufnadslion.
ﬂﬁgg§u9£aﬂT%rM%%n%aBrbﬁeyﬁgﬁiééﬁ I rLQEHWEgepé&form the
computations, but" it I's preferred to use conputer
werpvtatidns adbutoitensi prafexnad frenssycempgten means such

0 t [.n [.Qn, the determ ned val ue
?%rggﬁ%eﬁgpr%ﬁé%ﬁy%pgg#b%i%g%a|'o for the pyrolysis
produft andthem sspecti ofi TUmn ibhwentsddnasthe detdimEied value

f .t ing 10 |t dd . 0

Tha oot AR tPoPaLER Y R L8 PORM i e
donnéd af fare dvet waenbehesedilas @nadkidngazoneokenrer ictrpcking
%ggeki Ié% L%F%h%ncg¥g£89qgfFé%éc%hggﬁalré¥éékfn furnace.
PRVEr Se and that anCrncr gase in t e er mal -~ cracking
Zonésserargriized thatethétcorred adéonehetween tthermal

hyd -to 15 b i0 of, t | ysi duct

BEGERIT Adhe 3°Bra sy Al D Blied 22aBY IS MR fieagp carpon
mﬁa¢ﬁigg iﬁnuﬁfaewastyauwiﬂ ingES?ﬁé in e i themade cracking
t he ogen-tQ-carpon arl o-o0 e. .

598 YT odddd FRQUIE YT ZOegRoare 13 thaivsspaepsto-
epebah erdthieo tdfethel pgratksing prddnaceli @i s of metion and

Bi2Y S5, LI 4 LR LR AT ORe b SHEN (LG B0

eeendti raldry iheashbkein btie hy@regahlyo-tdubdn quitdo of the

 BEROHTT R PR RO HaGR of {rom 101 to 1.5

and, 1Pris toqpiigably, totopsrate ebst enbimsl taradkihigh fubgace
ggn g gg géé%?d%'gzlggu%a:%éggiiogoﬁgdrogen~to-carbon ratio
of as close to one (1.0), on a molar basis, as is
econcmically 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 hydrocarben 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
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typically, from1.05 to 1.1, on a nolar basis. Typica
hydr ocar bon-t o-carbon ratios for a hydrocarbon feed to
a pyrolysis cracking unit are in the range of from
1.6 to 2.5, nore typically from1l.7 to 2.2 and, nost
typically, from1.8 30 to 2.0, on a nolar basis. In
the control of the pyrolysis cracking process
conditions there is a predeterm ned desired thernal

drackhagPyrelisdia Pragdurtpkiptist daapyiandesTe ezpntrol the
oY elb 908 1s (= LAIRON o a&m}gaﬂa-[?sa‘no i ot RRJRYEOLYSET tHP Sk red
[Tquid fraction. To control the pyrolysis process, a
déapdd i Sorctipmivdrpaeneter aarbodesrrdd and gihel actual
fl_riaﬁﬂio rMﬂ?ﬁHﬁBgSﬂP&I&J&U& rQE&’oﬁ h§s a&éﬂ@mined in
[1quid fraction hydrogen-to-carbon ratio, as
asceratmesl Witis thec snuemtivavmefthodedpaoehved dianainedto
?ﬁé@i&@ef' A nti91 PLAN de.ﬂedb&%igé‘lé iéroV 848

e pyrolysis process g:ond'ltlons re adjusted in
cespohtens armpdjiustedehe etespoatsgetn ahe dietianaicesd

-Lo- b ti es,._ .

BPHY St e, MG A R, s bBH R G racto
ivale@e. hydr ocar bon-to-carbon ratio as deternined by
subtr [ a e far .1 L gui acLi
hydr o@gér b%ﬁf-f{%-%ggg%gnb?%% g‘%fnr %r% ?Egl %(gi Ar%(fh\r/ea%efgggﬁnce
tihethé i yyd dardeni-on-bydbat arlide- to- detdanimat ky. A
apgetlae Ao il CRLERL Phiaiale Whe! LG "l ddigasi N

e pyrdT IS~ process cracking Séverrty and a
bedrécaxhali-ftfeetcarbpal ratladromn kher dgsired dedeadbngthe

. r 1.S._Process acki n ever | i .
s e e e S L T TS
daffergaciall valsevelil yrefuiiree inheeasing rdekipygyolysis.
condi

BERT o Lo AR apREEEy L REBRRPPLIE R hogad watue

-y ik ogen: ire criceastiad rithd pyirbeysis askddwsd emaekahyr e

within the thermal cracking zone. The thernal
8?5%ﬁ}$§'zone tenperature is related to and can be-
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 ¢f the temperature of the pyrolysis
product at the outlet of the thermal cracking zone. The
thermal cracking zone temperature can be contreolled 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
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25 nonitored by neasurenent of the tenperature of the
pyrolysis product at the outlet of the thernal

cracki ng zone. The thermal cracking zone tenperature

can be controlled by adjusting the firing rate of the
burners of the pyrolysis furnace. 30 Now referring-to
FIG 1, presented is a sinplified schematic
representation of a pyrolysis process system 10 for
ttheerarkine riagiiacg suhgdrocadids fldedf Pyhglymburdsoifhermal

c%sgﬁaeakfﬁ Lhanged, fgaal &how Lt gtrgxmvm e

condur t to cracking furnace tubes or COI|S 14 of
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o8Bk Fall S IR D BE e BB (B8 HEHERS fhop gecc.
Buehets g@nﬂﬁame heabmbostiaqnﬁomenandtpeowiﬁnrmﬁans for

cra zon ned b racking furnace tuhes
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madumg Zibnelﬁdfﬁheﬁpbgedracrkmmdfulrhaaé tsbeoy @oils 14.
val ve_22. whi.ch EYOVI eg means gg E ntr II| t.he
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rate brct e HIRFGEUFRECBIPHRAIE 14" FBEYNER SR ABr
Uheehpasedruhncdnﬂu&hezohEsrﬁﬂnt&mackamge ZZumwhhﬂh pedvides
by cragkin fur Ce t Bes or cal.s 14... @\Irac r._qgas, .
Befi> €GO LR Bk Pod Enf Db B0 Ectithy CU2geRp 18
aok Bhdbeltanrittiod ‘the -Heidtieiipuat eantséremmﬂan dﬁaatklng
ponbiae ,w%#h t he h%groc rbon f eg ei ng chg%
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The pytedos gaprodueh &6 wéliheh,ans astasdwddd usirough
from ¢cracking

conduilt 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
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furnace tubes or coils 14 through conduit 26. A sanple

of 25 the pyrolysis product is renoved fromconduit 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 anal yze the gas fraction of the pyrolysis

80 by RIS, isherpyided i qompytier aRdfeeniraldiear 30elly line

gpto its gas fraction and liquid fraction, with the

gas fraction being analyzed by analyzer 28. The

i nf ordredangd egefiekhe cblydnocesbanafgedr i 9 grempymdofirgmdcpnduit
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?Eh)gﬂﬁ{/g‘a:ngcgrgégnﬂ egééféze%gggVed ?%%%n?uit fgegorrneans

el mes ssiipgaanflydete Buiningalthe ehy@gogarpinge sambanscentent

Ler Y T Mg N ag.pon
cont%ﬁ(;!r:t 5119 %tg ﬁggﬂyg‘%‘gar gglr? ? gggﬁn%g&f%%g}e%%? iegngp
eeneyzareddoys Rravided 34 dogipprevi aedl cantewideredaby line
gent r(gJﬂgﬁEe%OaR%( J:é)ﬂll.erol%.%'r. %WB?%\?{d@'g]qrte %%t rf(t?alr:l ?Eoégssing
provi des nmeans fof processi ng € 1 nput 1 nformatlon
the clovpit éndovmbtieord dro tdveiphydr agenlue ¥ chebbydragem-to-
e liquid.f t{.0n. .0 h rol ysi.s produyct ._an
PrniE rely e ERE bR h3BL A PeY R B RRbag Proauct
amyerfiunghat, who chreonisdemleansathi confroinabhe tGacpénagt es
' S changes, in._t Liguid fr ion .
1van 8o FaPhcrRORED, abReny! Binfacd 18 5B8zater i
oéspdresec tackhaggps otedhe digpiédetartmiiomnedhydabgen-adsegrbon
[ %;red to as a set-point, for the desired
]ﬁydlro'gen-to-carbon ratio for the liquid. fraction is
pr oviTtedohtrodbnphet esevrd tgonfr thé exradfkiy pirbeesds, a ,
ntroller 3Q.processes the infornptipn
REPERT S50 3 o 285 PO Bl the
desgiatade hivdtroer-ty-fn@n- rboicafdOntHatliqual. Ebection is
ere et we

AL g 8 st e, S e

drndicidnurodndrt e plesigseeshyHe opefeinatdanberoratied ©F line
igvaline 36 and line 38 to compute a value for the hydrogen-
to-carbon ratic of the liquid fraction. A differential value
between the actual hydrogen-to~carbon ratic 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-
carben ratio.

The following example represents a hypothetical

calculation.
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liquid fraction is conputed by conputer and controller
30 25 wth an output signal, representative of the
differential value, being sent by line 40 to contro
val ve 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 ultinately 30 provide a
fraction having the desired hydrogen-to- carbon
rati ogndkie shidbheuwt Ng exanpl e represents a hypot heti cal
cal cul ation. 15 EXAMPLE Known anounts: Tracer helium
gas: 268. FTGLRF hefiwmceatson 268e8: 984931. 4 kg/hr 5
Det er m naty I ti d bon feed
conpositi o cljgggb&at%@;dr%ggﬁlw %&%glrvw % car bon
Hydrdﬁaﬁﬁmnnﬁéeqnhynmcﬁﬁﬁcui@muens, 13. 86 wt % of

carbon condanpeeERoS Fegti et ENGRE TR Je¥Sazonen.
&9/ M Wtonserbeat i on of heI iumin gas fractldont Sg ppmV
12. 807 I
Che gas  BOFPeEFEBeiadl s0sRUR) dSASRLT" U3, b Bs St
2098541 Maghtrr = 24115 akg/han conp05|t| on: 17. 325 wt%

cont ont . P75t ¥ee TpR80n Bhnodit 3B DOKRCER

2400 Cadl ﬂndhtlan3&®5¢MﬁB &@nhent 82. 675 wt % of 20965. 1
kgl hr :1@ g ka/ hr d fraction hydrogen
cont ent %%e Qﬁ on o ilum in gas éyéctlg : 80 ppmV
or 12.807 ppmw

Proportion of pyrolysis product that is the gas
fraction: (268.5 g/hr)/(12.807 ppmw) = 20965.1 kg/hr

Gas fraction composition: 17.325 wt% hydrogen,

.82.675 wt® carbon

Gas fraction hydrogen conténti 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: 4B41.5 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 ratie: (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 kq)

i.e. without the time element.
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3632. 20 kg/ hr = 1209.30 kg/hr Liquid fraction carbon
content: 30054.98 kg/hr - 25 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
wei ght basis, (0.095055)(12) = 1.14 on a nolar basis..
Al t hough this hypothetical calculation has been 30
calculated in terms of mass flow rates (in kg/hr), it
can Whkle gdigaiaypRtéenihay been gpSARERE}UHNtEeLmEs Of the
peeSent Iy Khefelrred ¥hbb@ithert]e rte'a%ngbfém‘%rlalﬁo%' L&d
this invention has been described in terms of
preiEhtayignseraer pasepbRlibikihosecasbhbef ely atrh%tqréns Such
306 o O6H 4 1l 103 £ 8L DORS 1L YR 1A OBES SIS el Bne
he art. Such variations and ifications are wthin
@ﬁécéélé?ﬂa igivenizdoB dedcthe abpendedt fbaimhd t he
appended clainms. 17 CLAIMS 1. In a pyrolysis process
in which a known anount of a hydrocarbon feed
contai ning a known anount of tracer gas, a
hydr ocarbon feed carbon content and a hydrocarbon feed
hydrogen content, is charged to a pyrolysis furnace
oper at ed under pyrolysis cracking process conditions
to yield a pyrolysis product wherein said pyrolysis
product conprises a liquid fraction and a gas
fraction, wherein said liquid fraction conprises a
liquid fraction hydrogen content and a liquid
fraction carbon content to thereby provide a liquid
fraction hydrogen-to-carbon ratio, and wherein said
gas fraction conprises a gas fraction tracer gas
concentration, a gas fraction hydrogen content and a
gas fraction carbon content, a nmethod is provided for
determning said liquid fraction hydrogen-to-carbon
ratio conprising the steps of:

17



(a) determ ning said hydrocarbon feed hydrogen

content and said hydrocarbon feed carbon content; (D)
deterni ning said gas fraction hydrogen content and
said gas fraction carbon content by determining said
gas fraction tracer gas concentration, utilizing the
thus determ ned gas fraction tracer gas concentration
to determ ne the proportion of said pyrolysis product
that is said gas fractiogn af§g§HI|IZIng t he t hus
determ ned proportion=o0 pyrol ysis product that
is said gas fraction in determning said gas fraction

h dr ogen content and_sai d as Cli £
nt ent® 2aRETCFES S BERFRERI Ty nglgg %I%w%a% trﬂggﬁ on .

h}s ﬂ@@ﬁﬂ:bﬁ fead hameaatiiog bay kgiyry awpisy afhEracer gas,
det er m ned, val ar e tL o dPLEae88A faed
cBnfE %Ucﬁrgﬁ?t ﬁ% l{le éﬂr%rghhne 1-T‘:Lé‘?lfﬁor qﬂ’sal
hy@&ﬁ@@drbmnf:eﬂd lerc&)gega@dm enpPYrelyris fé,:a-‘r»"-ace| i quid

fraction, h n 3.1.‘8“-@{1 agks Nbrddiéions t
dEPEFRT ndeé% %ﬁp’f_&%%% (Eiraas ?Jtargt i %)n ar bonoci tD nt
f ydeld e mvéwmﬁarqﬂaﬂcﬁew}i%?e ing gadd h?lTF‘g’é' ‘2 3‘
c %rop‘ggi SONtLRt o hfa Ot e t8 Bh dahd licGs Efﬂﬁim eraebem

.content, and cal cul ating the val farfsal d ] gg;d_gogen
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r %Intsgt I a{h&él |aaﬂ.ﬁ]’ﬂ;|11d\/fﬁid’aﬁttionsem?auiebenmm rip shepebn)
er or ei infr t et r r
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C r|S|ng m i ng said
hﬁﬁﬁoéaagcmpﬁ(gggbngd¢qgggmt, a method is provided for

determining said liquid fraction hydrcgenfto—carbun ‘ratio
comprising the steps of:

(a) determining said hydrocarbon fasd hydrogen
contant and said hydrocarbon feed carbon ;ontent,

{b) determining said gas fraction hydrogen comtent
and saild gas fraction carbon content by determining said
gas fraction tracer gas concentration, utilizing the thus
determined gas Eraction tracer gas concentration ko
determine the proportion of.said pyrolysis product that
is said gas fraction, and utilizing the thus determined
proportion of said pyrolysis product that is sald gas
fraction in determining said gas fraction hydrogen
content and said gas fraction carborn content; and,

{(c) determining said liquid fraction hydrogen-to-
carbon ratic by

subtracting the determined value for said gas
Eraction hydrogen content from the determined value for
said hydrocarbon feed hydrogen content to give sald

liquid fraction hydrogen ceptent,




content and sai d hydrocarbon feed carbon content; (Db)
determ ning said gas fraction hydrogen content and
said gas fraction carbon content; (c) conputing said
liquid fraction hydrogen-to- carbon ratio by using
said gas fraction hydrogen contént as deterni ned by
step (b) and said hydrocarbon feed hydrogen content -
as determ ned by step (a) to determne said liquid
fracti on hydrogen content; using.said gas fraction

carbon cong@i,y-3% ingetied Heftedmibied eflueh fonnsh Bhigds
hydr ocarbon feed carbon. conten '

‘ 1%as et rmgeedc%%step
(EaqtdoneteFPRth&oRERRE F5L 81 FELTTHR=Eal Bon tent;
apgdhq QMRHLAASS Fedd! é4rich toatehontdydregeaid diquid
carbon ratio utilizing the above determ ned said

| FERATdOTf PREPTTH FORGER gé?dcontent and the above

det er mi nedcgBéwhatlingutie fusagiei @orceubibrligont efitacti.onA
net hod as recited in ¢claim3 wherein- 19 AVENDED
SrtrrIsgeter AFTRTy “BEED (a) is performed by use of
ngar a RkER6E S pRehtedein \Cliadmpl owheteeig f i r st

nmeasur ed val ue of said hydrocarbon.fee

cont erf3gnHe5EEREHRE sﬁ%%s%peésvgfﬁfeoror?e%s %IX gflgg%

hy k0 Gaifan=8 cgfhctanhonrye ant eyt pucliede mAcoehycst ep (b)
erfrormed by determ ning by use of nass

S
- s’p'%’g‘fl?ad’rﬁ?t’ry a third measured val ue of. said gas

fractiscrid datermighsg svegefi)r dis parfermdd slghes Ay
third nea I e O T LRY iy St cal cul at ed
vArde %Eec? %Ee’ﬁ%f%go#? |b ng%) sal B?F%]IB yié_i s product

t Bat i b gwttodads feladmpdnin s im L FOPRIG IR0 Ehe refeps
calreul ated value, in conbination wth the mass

spectronetric analysis of the hydrogen
(a) determining sald hydrocarbon feed hydrogen

content and said hydrocarbon feed carbon content;
(b} determining said gas fraction hydrogen content
and said gas fraction carbon content;
(¢} computing said liguid fraction hydrogen-to-
carbon ratio by
using said gas fraction hyﬁrogeﬁ-ccntent as
determined by step (b) and said hydrocarbén feed hydrogen
content as determined by step (a) to deta#mine said
liguid Fraction hydrogen content: - ‘
using said gas fraction carbon content as
determined by step (b) and said hydrocarbon faed carbon
content as detsrmined by step (a) to determine said
ligquid fraction carbon content: and,
computing said liguid fraction hydrogen-ta-
carbon ratic utilizing the mbove determined said liquid
fraction hydrogen contsnt and the above determined said
liquiqd fraction carbon content.

' 4.:A method as recited in claim 2 where=in:




content and the carbon content of said gas. fraction
to give a fourth neasured val ue of said gas fraction
by hydrogen content and a fifth nmeasure val ue of said
gas fraction carbon content; and conputing step (c)

i s performed by subtracting said fourth neasured val ue

fromsaid first nmeasured value to give a second
cal cul ated value for said liquid fractilon hydrogen

content; subtracting said fifth neagured val %e from
sai d detromdnipastiedd (P4l 1R RFLGETRI LY S OtaPBRT at ed

vahee. dPlspeat dohdid dof pAGFiden aCEibon moniaet; vahde
conputing a fourth cal cul ated val ue for sr%d |sl ggllag
fpécvava%grwﬂarvsgéwrt Feegd BBAFeIRt 6OBYTT AR Ay S85
Speabdrecalaukabeteaia woabycanich Ehiddcadiculcanednt ;
value to give, said Ii&gid fra ioncI drogen-t o- car bon
rati o. ISESRIBARE TR Yot T ST ANy cl ai ms- 1- 4,

whi ch qamidadeingnpy ivees of heast epgecoromnétely dettddmini ng
by use of near ipfrared s fiJ.st measured
v%\eﬁﬁu’é? sardehy r%acl:léf on E?%e%i%%g%‘a% é{:%a?]tent and a
seoandnimesisinned val ue of said hydrocarbon feed carbon

cont en&ﬁ%@o%%%ﬂ%%mh@%&% Ni A Gt gOd

mass spe rd measured val ue of said gas
f Fdest oralgdasgdnvebin &t thAPTPIGEPRENCRe N ed val ue

0fy 5381 Ps D8 SprfdaReki O alPaR1E L Fract{a); camput i ng a
fifst calcul ated val ue for sai ljquid fracti Naation
hydr ogBR¥+%ag 58 r ST c?i?“ﬁ%%%ﬁhﬂes d cf“%r S
calieul 8hednas upetorsmetidni npsllwaisuetl bhe srdcddegui d
IRELSR, P B Ao B B R o
Creislel agEprodeseasured value of said gas fraction by
hydrogen content and a £ifth measure value of s2id gas
fraction carbon content; and -
computing step (c) is performed by
subtracting said fourth measured value from said
first measured value to give a second calculated valua
for said liquid fraction hydrogen content,
subtracting said fifth measured value from said
second measured value to give a third caléulated value
for said liguid fraction carbon contact; and
computing a fourth calculated value for said liguid
fraction hydrogen-to-carbon ratio by dividing said sscond
caleulated value by said third calculated value to give
gaid ligquid fraction hydrogen-to-carbon ratio.
5. A method as recited in any of claims 1-4, which
method comprises the steps of:
(2} determining by use of near infrared
spectrometry a first measured value of said hydrocarbon
feed ﬁydrcgen content and a second mensured value of said

bydrocarbon feed carbon content;

20



conditions in response to said differential value. 6.
A nmethod as recited in claim5 wherein: determ ning
step (b) is perfornmed by determ ning by use of mass
spectrometry a.fifth neasured-value of said gas
fraction tracer gas concentration; utilizing said
fifth neasured value in conputing a. second

cal cul ated val ue of the proportion of said pyrolysis
product that is said gas fraction; and utilizing said
seconghcal filsahedi Naloie ukd of aidtisnapeotroundtiryt hethbsd
spectronetric analysis of _the . r}%/:g‘rxg?en 'cocrgn%%taglqd
measeErd RIS PENBRLS 523 §TBRE° PO/ t0 g ve said
thirb gl agyRe-Makafuand said gdowrhbtigastrddnyal ue;
conmputing step (c) is performed by subtracting said
e Reasured value fromsaid first measured val ue
to giye) a ddugiftiag! £utateed cahtnulatfey vadue dfer qaid
fraction hydrogen,.content: subtr i.ng said fourth
G T FRBRTas ¢ o-SBParil Tehr ed val ue (o

gi ve adf outdupagangutai®ditakbuealdwinted galpg Ui 2
fractiQqn carbaon cont . d.co ' L oh fd o Sda
AT AR B8 1B g T A A CaaT Ll e
valdie by seméfaunt Al tidnuptieddvaldiie /ARENDED SHEET
value to give sai.d_liguj ] ai Sty bon
rati o;(%gon‘ﬁ%?iflﬁ%lslf' gpg?%f? P{yé:%%g%?%rin%%kggsgﬂit racting
seortiifiivas tal madrened valsrid AdAfezrmFisde¥Rte®- val ue

to i ¥ 88hda Ul l8BLaAL, AR s AhregsNt Ol [ NG
step efﬂ [ nc‘Fu es Increasing the severity of said
pyr ol yeterviatid myepr dbbsks FEFEPERYALY n response to a

negat i3 yak yend Ay $Rkdofli ddds epbitlantiyea £ifth

measured value of saild gas fractiom tracer gas

concentrablion;
utilizing said £ifth measured value in computing a
sacond calculated value of the proporticn of said
pyrolysis product that is said gas fraction; and
‘utilizing said second caleulated value in
combination with the mass spactroﬁetric analysies of the
hydrogen content and the carbon content'oﬁ gald gas
fraction to give said third measured value and said
fourth measured value;
computing step (¢} is performed by
subtracting said third measured value from said
Eirst measured value to give a third calculated value for
said ¥iquid fraction hydrogen centent:
subtracting sald fourth measursd value from said
second measured value to give a fourth caﬂculaped value
for said ligquid Eraction carben contact; and
computing said first calculated value by dividing
gaid third calculated value by said fourth calculated




and decreasing the severity of said pyrolysis cracking
process conditions in response to a positive value for
said differential value. 7. A nmethod as recited in
clains 5 or 6 wherein said desired value for said
liquid fraction hydrogen-to-carbon ratio on a nolar

. basis is in the range of from1l.0 to 2.0,

particularly from1l.01 to 1.5, nore particularly from
1.02 to 1.2 and, nost particularly, from1.05 to 1.1.

Ba1ieES gq?ﬂreaiaﬁﬁci%@ici Fr3BYi0 1EjdabEEnStd- mixtioai n
S&d pyrotysis cracking furnace includes a thernal
araadki;ng zone; and, wherein said pyrolysis cracking

process conditi ancl Udrrgothat m  cracking zone
ten‘pefzgwére \Iéwisg%‘aié jqrep(ri,:eseﬁt ative ogPtSh sev. r.idty

of saisdbpyadiing sadhabirsty CapFOLART WREFELY TR T eases
538 LAfidal, %ﬁ@ﬁkéé‘ﬂi ZFSerkRINRar salue; pandi de for
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an 1ncrease 1n t severity of said r.ol ysi

cr ackicegtpebeinss sE8Rdi(#) o‘ﬁ%’léiﬁasd:g‘?:ciree%éégg ‘lsjﬁésai d

gé@é}ﬁlt CLACKINY ZR08yE eSMafaking parandsde chbodigions in
2creasa in the sever Ly ofrﬁsai d ?chﬂ%@%@rﬁ ¢t ackigie

presmssec 5AdR (IR BN fFo P NI g St ep Fe; provi des

f L i deak thé HiAisdver ey o saddciyngl yadse cracking

tenperature_in the range of from 750 b
| BEPRRES FRERFPH é’l‘“rrﬁgsE?ré%% g az%%%&j%%m%%?% u?%ri n

r espONSIFfe@earegatdve.val ue for said differential

val ue and decreasing said ther.mal -cracki g 24 AVENDED
SHEET %&%%Férﬁ%r%%t%‘rtggi ﬁnrr’gjgaplcrg;%sg {D% é;vg%si tive val ue
f gesspédl vadubf Boentdial light@ Brachipptkodrogetr-E0r FREPTH
any _of clains,l1- el Bt eChF 0BSd § .8ekect ed
ff’%ﬁ%’f’h"enSrgﬁééﬁg?l%#sﬁeii%gggf&%ﬁ%m argon, nitrogen
azdoneptiamdarlyeftomdeflghe 3§, wmore particularly

from i;nz to 1.2 and, most particulariy, from 1.05 to
1.1.
B. A method as recited in any of claims $-7 wherain
said pyrolysis cracking furnace includes 2 thermal
cracking zone; and, _

wherein said pyrolysis cracking process conditions
include a thermal cracking zone tamperatuie which is
representative of the severity Ef sald pyrolysis cracking

. process whereby increasges in said therma1$cracking Zone

temperature provide for an increase in the severiky of
pgaid pyrolysis cracking process conditions and decreases
in said thermal cracking zone temperature provide for a
dacrease ir the severity of said pyrolysié cracking
process conditions; and,

controlling step (e) provides for meaintaining said
thermal cracking zone temperature in the range of Erom
750°C to 950°C by incréaaing gaid thermal cracking zcone
temperature in response to a negative value for said

differential value and decreasing said thermal cracking




present in an anmount ranging from LOO ppm by volune to
1000 ppm by vol une, particularly from 100 ppm by
volune to 500 ppm by volune. 10. An apparatus for
thermal |y cracking a known anmount of _a hydrocarbon
feed containing a known anmount of tracer gas, a
hydr ocarbon feed hydrogen content and a hydrocarbon
feed carbon content, said apparatus conprising: a
pyrol ysis furnace defining a thermal cracking zone
operated under pyrolysis. cracki nge: raeesalcontbzs isais,
T FeFREFdES l%’hg?%é r]?scer g%ki ng Zone t énper at ur e,
Si¢£brRyr el yed®md.ur nace provides for cracking said
hydrocarbon _feed to.pfoduce @ BYLOhySi-8,pwhetetn the
Eonﬁ'i“ﬁtﬁﬁgaa?i TUT gdf%gcti on and a gas fractjon;, a
tiasdr appl y2eseXoredetormi Him@TPRR FYRMFGIERS Cont ent
of said hydroca 1?9@ eefq afuhd Oandgt elieimiacgrt s I8
B} Dty AFREBAL 1D aelfnd nydrocarbon feed, 3 seeand,
ppakygerid an determninsngdne hErT? 408 PHs concen; ration
of said gas._f [ 21 ey 8F1 ¢ efreim 0D Ngpm tHye vRyE®EBgen
GORE TP l’igﬁigﬁé's%hd gas fra)gti on and for
det epoi pak iton vbhemear bon concentration of said gas
ﬁ;pact égné ﬁ&&%t C OGP WiHirrk0l y detesiingi Agkudrgl amount
drogen-to-carbon ratio of said |iguid fr.aclid @RaBRr
usl aghfeockennitRed CTRRFGIER ton oé"%t 5@? 'sai d ‘
2%5%10%3% 2 {8ednagded heyardetar comeshicatBoR content of

arbon feed as deterpgih Spld first
MIWE&FPOQn%E%%éaHE?’ér?ﬁWE't?aﬁg% As concent rati on

(c:)éc isdiggs fraction, the deternined hydrogen

oncentration of said as,f .0 i VERNRES: Sl Ezbne
and tWeWSP%Yﬁ%Mg?EO%E%%%%gMQ r é% on of sai;dﬁﬁ?as

f L3Ctd U asadetgprilyeds byaduing TEBRER SvAYY
which include a thermal cracking zone tegperature,
, furnace provides for cracking said hydrucarbon

sald

pyrolysis
feed to produce a pyrolysis product comprising a liguid

fraction and a gas fractlon; B
a First analyzer for determining the hydrogen
content of said hyﬁrocarbun foed and for Q;termining the

carbon content of said bydrocarbon fred;

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

a computer for determining the hydrogen-to-carbon
ratio of said liguid fraction by using thg determined

- hydrogen content of said hydrocarbon feed and the
determined carbon content of said hydrocarbon feed as
determined by sald first analyzer, and the determined
tracer gas concentration of sald éas fraction, the

determined hydrogen concentration of said gas fraction
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11. An apparatus as defined in claim210, further
conprising: conparing neans for conparing the

determ ned hydrogen-to-carbon ratio of said |iquid
fraction as determ-ned by said computer -to generate a
differenti'al val ue between ‘a desired

hydr ogen-to-carbon ratio for said liquid fraction and
t he determ ned hydrogen.-to-carbon ratio of said
liquid fraction; and a controller for adjusting said

t handralhec d@chmgzett eagbem ntprenmp:ewm refs pevidese®d sai d

dl%$a(ﬁggﬁ Qg &ééégﬁinaﬂng 'ﬁ%eﬁﬁhdaéél nalyzer

€S a near rared ana zer SAard second
anal yzém mpbhudioss aistrd-sglsqsﬁscitn sieterl0, ENTARERDED

Skggaﬁrising

comparing means for comparing the determined
hydrogen-to-carbon ratic of said liquid fraction as
determined by said computer to generate a differential
value between a desired hydrogen-te-carbon fatio For said
licguid fraction and the determined hydrogen-to-carbon
ratio of sajid liguid fraction; and

a controller for adjusting said thexrmal cracking
zone temperature in response to said differential value;
and wherein , )

gaid First analyzer includes a near infrared
analyzer; and,

said second analyzer includes a mass gpectrometer.
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