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1 Speci fication 430986 C

> Title of the invention Met hod for reducing deposition of € in
heat -refi ning process 5 of petrol eum hi gh-nol ecul ar
hydr ocar bons, and additive used in the nethod
Background of the Invention Field of the invention 10 Thi s

invention relates to inprovenent in healing technique used in

heat -refi ni ng process of petrol eum hi gh-nol ecul ar hydrocar bons.

In particular, this invention relates to a nmethod for reducing

remar kabl y deposition of cokes whi ch Spe¢ifipationced heating units used in
heat -refi ning process of petrol eum hi gh-nol ecul ar hydrocar bons, by 15

i ncorporating an additive for reducing deposition of cokes in the

pet rol eum hi gh- nol ecul ar hydr ocar -of invention 11i S invention relates
also to the additive for reducing coke in the petrol eum
hi gh- ol ecul ar hy Methadifonseducing deposition diicokesitcheatarefmis® predegses to a
novel use of a conpound (I% havi ng 20 at | east one nercaprtoal kylthio
group: HS- S err]Herr]= of getroleum high#moleculag hydrocarbons,nt eger of 2 to 4.

Description of related art o One.of objects, of oil refinery is to
I ncrease the yield of lighter and additive used in the e&xod

a und e Inventio
Field of the invention
10 This invention relates to improvement in heating technique used in

‘heat-refining process of petroleum high-molecular hydrocarbons.

In particular, this invention relates to a method for reducing
remarkably deposition of cokes which are produced heating units used in
heat-refining process of petroleum high-molecular hydrocarbons, by

15 incorporating an additive for reducing deposition of cokes in the
petroleum high-molecular hydrocarbons.
“ This invention relates also to the additive for reducing deposition of
coke in the petroleum high-molecuiar hydrocarbons.

This invention also relates.to a novel use of a compound (I) having

20 at least one mercaprtoalkylthio group: HS- CmHom - S -, in which "m" is
~ an integer of 2 to 4.

One of objects of oil refinery is to increase the yield of lighter

25 components such as kerosene and gas oil which are much value added
products comparing to heavier components which are less value added
products. In fact, in actual oil refinery processes, heavier components

such as residual oil from atmospheric distillation column is heat-treated in

vacuum distillation column, thermal cracking unit or visbreaking unit to



-

2 5 conponents such as kerosene and gas oil which are nuch val ue added
‘products conparing to heavier conponents which are | ess-val ue added
products. In fact, in actual oil refinery processes, heavier conponents
such as residual oil from atnospheric distillation colum is heat-treated

I n vacuum di stillation colum, thermal cracking unit or visbreaking
unit to 2 obtain Iighter
conponents. These processes and appar at dses are well - known and are
descri bed in many books, for exanple "Wrld Encycl opedi a" 13,

Hei bon-sha, 1%$Yiairplighter2édmponents. Theseprocesses and|apparasenappweells can

be increased by elevating 5 .operation tenperature ip the heating unijs.
However, el evén@Wnomnd are deseribesh %‘én@éﬂﬂt&‘)@ Sn e X8RP Sﬁpﬁa‘{ cause

a trouble of igcr Nt 2.0f . legh ¢4 on inner walls of
heating unit oﬁn?@g&p@ghéagg%&%aﬁ*%bgupggﬁ%% frequent stop of
production plants fpge ;ﬁélﬂt ef I k:Bmponen@sa"cthbé dhcrealed WA Rtewitinger mal
cracki ng process of heavy oil, heating 10 tubes in a heating furnace are
seriously onteperation temperatare finkthe hieating unitslepdiowever; cdlevation ofiat
production plant can not be operated continuousl t st be st gpped
frequently for Op¢eIasionfgmperature in the hgating ugits @t{ﬁ%ﬂak@ﬁg{]@a@fﬁm"@ﬁm of
refinery plants are i . r '
[orery, DL SoRLe ISR e h Biner wane R Hhe bk Hope AR A BB
yield of Iight eés‘ﬂélﬁgomﬁﬁueha_snéﬁ%f_ Producd&f $lantgPEorahidifitenafiver alur e

i .

can not be el evate bove certain m | nventors found,

surprisingly, particulaf,ain atdase ofetherinal orackingagprecess of heaxy oi, heatingd
remarkably, BY luibes ta Boatiss Bimace are seriovaly edntabranated and are choked with
deposited cokes, so that production plant can not be operated continuously
but must be stopped frequently for cleaning.

Due to this problem, actual oil refinery plants are compelled to be
operated at lower operation temperature than such ideal operation
1S temperature that assure higher yield of lighter components. In other

words, operation temperature can not be elevated above certain limit.
Inventors found, surprisingly, such a fact that deposition of cokes
can be reduced remarkably by incorporating an additive having speific
" mercapto alkylthio group in material of petroleum high-molecular
20 hydrocarbons to be refined in heating units used in a variety of oil

refining processes, and completed the invention.

Summary of the Invention
The present invention provides a method for reducing deposition of
25 cokes in heat-refining process of petroleum high-mblecular |
hydrocarbons, characterized in that heat-treatment in a heating unit is
effected in the presence of at least one compound (I) having at least one
mercaprtoalkylthio group:
HS- CmHom - S -



mercapto al kylthio group in material of petroleum high-nolecul ar 20
‘hydrocarbons to be refined in heating units used in a variety of oil
refining processes, and conpleted the invention.

Summary of the Invention The present invention provides a

met hod for reducing deposition of

petr ol eum hi gh- nol ecul ar hydrocart}’pns characterized in that

heat -t r eat nent

|naheat|ng unit is effected in the presence of at
| east one conpound, ) having at | east one mer caprtoal kyl t hi o group:

HS- C[errH[err{nWbl m'isan;mtegerof2t04.
which "mi' is an intgger_of to 4.. . 'Ia'iuﬁopreiaat I nventi on provides

al so an addl tive fo ?eﬁﬂ?é?% Invention, provides,

in heat-refini
conpri sing at

(1) having mer pagrotewnh highhmeletulaidh ﬁﬁd&ﬁnpﬁsmg at JedSRidHe 8f cﬁé
pet rol eum hydrocarbons before the material is introduced Into t

heat i ng uni
compound (1)

heating unit.
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sompoyndi{(Ihddi tion is not specially linited but the 10
I's added to the material usually near to an inlet of the
M xi ng of the conpound (1) with the naterial is not

The compound (I) having mercapto alkylthio group can be added to
a material of petroleum hydrocarbons before the material is introduced
into the heating unit. Timing of addition is not specially limited but the
compound (I) is added to the material usually near to an inlet of the
heating unit. Mixing of the compound (I) with the material is not
necessary. In a variation, the compound (I) with the material of
petroleum hydrocarbons may be introduced directly and separately into a
heating unit.

The compound (I) having mercapto alkylthio group is added at a
proportion of 10 ppm to 1 % by weight, ptefefably 50 ppm to 0.5 % by
weight, more preferably 100 ppm to 0,1 % by weight with respect to
petroleum hydrocarbons to be treated. No advantage of the present
invention is expected below the lower limit of 10 ppm. Higher

proportion above 1 % by weight is not excluded but is included in the:
scope of the present invention. However, excess use of the compound (I)

above the upper limit do not improve advantages of the present invention
and is not preferable because of increment of advisable sulfur content.
The method according to the present invention is advantageously
applicable to an operation temperature between 250 °C. and 550 °C,
preferably between 350 °C and 550 °C. Operation temperatures of higher
than 550 °C and lower than 250 °C are not excluded in the present
invention. However, when the operation temperature becomes lower than
250 °C, no serious deposition of cokes is observed and hence advantages

2 5 cokes in heat-refining process of

in

tthheféfl Fedueg used
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necessary. In a variation, the conpound (1) with the material of
“petrol eum hydrocarbons nmay be introduced directly and separately into a

heating unit. 15 The conpound (1) having nmercapto al kylthio group is
added at a proportion of 10 ppmto 1 % by weight, preferably 50 ppmto
0.5 % by wei ght, nore preferably 100 ppmto 0,1 % by weight with
respect to petrol eum hydrocarbons tgp be treated. No advantage of the
pr esent i nvention is expected belowthe lower limt of 10 ppm Hi gher

2 0 proportion above 1 % by weight is not excluded but is included in the
scope of the pfetirnprésent inventioioiscnet remackablels Omithée heomeanypuficthe! )

above the upper Iimt do not inprove advanta o%as of the present invention
and is not prefperatipn tpperssurs exgcedssti0 0iC.athe seampounds (D) dwaagt

The met hod accor di resent vention | dvanta

appl i cabl e t o BfF “(ﬁ?g?am:iﬁll "ﬁ&i ‘f@??%@#be%ﬁ ® ey c
preferably bet C. Operatlon t enper at ures of :
hi gher %ﬁ@ﬁg@%gl erriﬂ(g gh 250 [err]C are not excluded in

t he presens IResdenwuntwam caﬁpoun&e(l)mmlvmg anetcapte ralkyitkio

beconmes | ower than 250 [err]C, no_serjous deposition of cokes is
observed and hEio¥® B M%Bmt is not specially limited. Usually, the compound (I)

onora i | BNGRE AR ARSIe b SR R g d

mercapto_al ky'{;&u:ﬁa mmdgewaewmsuﬁr ﬁaﬂ&mnap?e&otaﬁarwydrbearbons fapetion

as inhibitor coke deposition. Resi dence tine of the conpound (1)
havi ng ner capt facs) inya chsethat the beammg unitds lacdistilatiom icolimnithe compoutd vy
limted. Usually, the cor{lij)oundul(1 21

10 removes the distillation column together with a cut or cuts each

withdrawn at predetermined stage betweei the top and the bottom of the
column. Therefore, the residence time of the compound (I) having
mercapto alkylthio group according to the présent invention in a heating
unit is equal to the residence time of the material of petroieum

15 hydrocarbons in oil refinery process, and is usually between 1 to 60
minutes, preferably 10 to 30 minutes.

When a trace of compound (I) having meércapto alkylthio group
remained in the final' product is not desirable and is requested to be
remoired,' the compound (I) can be removed easily out of the product by

20 the conventional purification technique such as hydrogenation.

. The heating unit which is used in the present invention can be any
one that are used in the conventional oil refinery process such as
atmospheric distillation column, vacuum distillation column, thermal
cracking unit and visbreaking unit. '

25 The petroleum high-molecular hydrocarﬁons to which the present
invention is applied is not specially limited but the present invention is
advantageously applicable to heavy components whose problem of coke

deposition is serious, such as residue of atmospheric distillation column.



havi ng nercapto al kylthio group carried into and then flown out the
‘heating unit together with the material of petrol eum hydrocarbons. In
fact, in a case that the heating unit is a distillation colum, the
conmpound 10 (1) renoves the distillation colum together with a cut or

cuts each wi thdrawn at predeterm ned stage between the top and the
bottom of the colum. Therefore, thg residence tine of the conpound
(1) having nercapto al kylthi o group™according to the present invention
in a heating unit is equal to the residence tinme of the material of
petrol eum 15 hydr oheocompoundi () riedving rmercapte adkyihid gﬁoﬂﬁ'&%éﬂﬁnbﬂié’\een
1to 60 m nutes, preferably 10 to 30 m nutes. When a trace

of conpound (| )PW&GPhgnmté%tlé undarstaad agra)mmpound rhavihgeat least end i nal

(1) “can be renouei kTt oG BS-Chnttzns S oin AR HiemapererouD

purification teqs) end Sulﬁir atorlY(¥)0aiIRN spaced bY an alkylene &Btﬂr@ !

which is used in the present invention can be any one sed

in the conve‘htlbaiungmalrbmnunﬂ)ey of > teed snamely fm" isanmmgwuﬂlbto&t The
distillation col vacuu tillat col u er crackin
unit and visbre %ﬂoﬂl Tcgng ms %ﬁg“% %szﬂ%i-’m )

hydrocarbons to whi ﬁ’?h% %eﬂ&&sfc%:rdiﬁget&%\lﬁfb 'ex?{'u{vseng@ . e 'S nOt gpusly

specially limted b he presen

appl i cabl e to hepplicallenethose habingethe’ RRrePrivalieAlifio grou Rﬂsﬁﬁ&é& "ﬁi"% 3s

serious, such as residue of atnospheric distillation colu
5 TBe Zonpound (I) havi ng nercapto al kylthio group used in the

resent inveption is,upders und havi,ng at | east one
P o °In the metho accor&'mg to t?:e present mgention, e compound (I)
having mercapto alkylthio group can be used in a form of a mixture or
combination. |

()

The compound (I) having mercapto alkylthio group may be
compounds represented by the general formula (A):
15 ~ RuR2,R3,R4,Rs,Re)- (S-Clom - SH)n  (A)
in which |
“m" is an integer of 2 to 4,
"n" is an integer of 1 to 6, and
each of Ry, Ry, R3, R4, Rs and Rg is organic group and may be
20 bonded gach other through one or more than one chemical bonds, and at
least one of Ry, R2, R3, R4, Rs and Rg must exist in said compound, the
total carbon number of Ry, R, R3, R4, Rs and Rg being 2 to 28.
Followings are examples of the compound (I) having mercapto
alkylthio group used in the present invention:
25 HSCHCH2SCH,CHSH
HSCH2CH2SCH,CH2SCH2CH2SH
HOCH2CH2SCH2CH,SH
HO(CH2CH2S)x H
(in which “x" is an integer equal to 3 or higer than 3)



mer caprtoal kyl thio group: HS- (err]J]Herr] - S - in which nercapto group
: (HS) and sul fur atom (S) are spaced by an al kyl ene group (Cerr]JHerr]) 5
havi ng carbon nunber of 2 to 4, nanely "ni' is an integer of 2 to 4. The
al kyl ene group (Clerr]H err]) can be linear chain or branched chain.
The net hod according to the present invention is advantageously
applicable to those having the nercaprgoal kylthio group whose "nf' is 2

or 3. 10 ' In the method according to the present invention, the
conmpound (1) havi ng nercapto al kylthio group can be used in a form of
a mxture or W{(ﬂﬁ)&x The conpound (1) having mercapto
al kyl thio group nmay be onpounds represented by the general formula
(A 15 (R etinwhicheia'lis anipteger eqpak o 2 oReshiger Wpad)] ) - (S
Clerr]Herr] - SH) i n which "m' is an integer
of 2 to 4, &m&ﬁn integer of 1 to 6, and each of

Rlerr], Rerr], @H% ?ﬂ&sﬁ and R[err] is organic group and may
be 20 bonded each %er roug one or nore than one chem cal bonds, and

at | éast one@‘l3a-lg€HhCHZB€Hzﬂ-iz&lerr] Rerr], Rerr] and R[er’r]
must exi st in sai dé&ﬁng%&ﬂ(&a total carbon nunber of Rerr],
Rerr], Rerr], )ﬁHR[err] being 2 to 28.

Fol | owi ngs are exa havi ng nercapto “al kyl thio
group used in the %ﬁwﬁwﬁwﬁfl HSCH2CH2SCH2CH2SH

HSCH2 CH2 SCH2 CH2 S%Z@ﬁmﬂzcﬂzsﬁ HOCH2 CH2 SCH2 CH2 SH

HO( CH2CH2S) x H (in which "x" is an integer equal to 3 or
hi ger than 3) CeHsSCHyCH(CH3)SH

10 - CH30COCH2SCH2CH2SH
CH30COCH2SCH2CHLSCH2CHLSH
CH30COCH,SCH2CH(CHa) SH
CH30COCH2SCH,>C(CH3); SH
CgH170COCH2SCH,CHoSH

15 CH30COCH;CH2SCH2CHLSH
CH30COCH2CH>SCH2CHSCH2CH2SH
CH30COCH2CHSCH,CH(CH3)SH
CH30COCH2CH2SCHCHoCHRSH
(HSCH2COO0CH2)3 C(CH20COCH2SCH2CH2SH)

20 (HSCH2COOCH2)2 C(CH20COCH2SCH2CHSH)2
(FHSCH2CO0CH?2) C(CH20COCH2SCH2CH2SH)3
C(CH,0COCH2SCH2CH2SH)4
(HSCH2CH2COOCH2)3 C(CH20COCH2CH,SCH2CHSH)
(HSCH;CH2COO0CH?)2 C(CH20COCH2CHSCH2CH2SH),

25 (HSCH2CH2CO0CH2)C(CH20COCH2CH2SCH2CH2SH)3
C(CH20COCH2CH2SCH2CH2SH)4
(HOCH2)3C(CH20COCH2CH2SCH2CH2SH)
(HOCH2)2C(CH20COCH,CH2SCHoCH2SH),
(HOCH2)C(CH20COCH2CH2SCH2CH2SH)3



6 HO( CH2CH( CH3) S) x H (in which."x" is an integer

equal to 2 or of higer than 2) CH3SCH2CH2SH
CH3SCH2CH2SCH2CH2SH 5 CH3CH2CH2CH2 SCH2CH2 SH
CH3SCH2CH( CH3) SH CH3C2CH2CH2SCH2CH( CH3) SH C6H5SCH2 CH2SH
C6H5SCH2CH( CH3) SH 10 CH30OCOCH2 SCH2CH2 SH
- CH30COCH2 SCH2CH2 SCH2 CH2 SH CH3C§CI:HZSCI—|ZCH( CH3) SH
CH3OCOH2SCH2C( CH3) 2SH C8H170COAH2SCH2CH2SH 15

%%%?%%@:%Wmm

( HSCH2COOCH?) 3 C(

C( CH2 OCOCH2 SCH2 CHZ Soiie

C( CH2OCOH2 SCH2CH? % 53 C( CH ocomchzsmzmst)
( HSCH2 CH2 COOCHR) 2 % 2(:st D 225& 2 E

( HSCH2 CH2 COOCH2) C( H)2(CH20COCH2CH2SCH2CH,SH)

EZ( Hg_ljz—i %%J(—%C_'}IZ SCH2 m_&m QHZ Wﬁ( éﬁg%%—l _8!_—|2 SCH2 CH2 SH)
( HOCH2) C( CH2OCOCH2CH2 SCH2 m?ai&é(%omz(mzma_hmzsm .
: (HSCH,CH,SCH2CH2COOCH2 X CH20H), CCH2-0O-
CHC(CH20H)(CH20COCH2CH2SCH2CH2SH)2
{HSCH2CH,SCH2CH2COOCH2)2(CH20H)CCH2-0-
10 CH>C(CH20HY(CHyOCOCH>CHoSCH2CHoSH)»
- (HSCH2CH2SCH2CH2COOCH?2)2(CH20H)YCCH?2-O-
CH2C(CH20COCH2CH2SCH2CHLSH)3
(l-ISCHzCI-IzSCI-IzCI-IzCOOCH_z)3CCI-12-0-
CH>C(CH20COCH2CH2SCH2CH2SH)3
15 CI-I3OCOCH28CH2CH(CI-I3)_SCHzCI-I(CHs)SH
CH30COCH,;CH,SCH,CH(CH3)SCH,CH(CH3)SH
Inventors can not éxplain the theory why the compound (I) having
mercapto alkylthio group used in the present invention functions as an
inhibitor to prevent deposition of cokes. '

20
B . ED - ﬁ E 1 D wl
Fig. 1 illustrates a test unit for thermal cracking used in Examples
of the present invention.
25 Now, examples of the present invention will be explained but the

present invention is not limited to following illustrative examples.



7 ( HSCH2CH2COOH2) 2 O C2H5) ( CH2 OCOH2 CH2 SCH2 CH2 SH)
¢ (HSCH2CH2000CH2) O C2H2) ( CH200OCH2 CH2 SCH2 CH2SH) 2
C2H5C( CH2 OCOCH2 CH2 SCH2 CH2 SH) 3 ( HOCH2) 3
CCH20O- CH2C( CH2OH) 2( CH2 OCOCH2 CH2 SCH2CHR2SH) 5
( HSCH2 CH2 SCH2 CH2 COOC2) ( CH2OH) 2CCH2- O
CH2 C( CH2 OH) 2( CH2 OCOCH2 CH2 SCH2 CH2 SH)

( HSCH2 CH2 SCH2 CH2 COOCHR) ( CH2OH) 2CCH2- O CHR2C( CHR2 OH) ( CH2 OCOCH2 CH2 SCH2 CH2 SH) 2
( HSCHZCI-IZSCHZCHZCOGZI-IZ) 2( CH2CH) CCHZ o

b -‘G»F;LA.ﬁ. 2 SCH2 CH2 COOCH2) 3CCH2- O

CH2 QY CI—|ZOCOCHZCHZSCHZCHZSI—|) 3 15 | QCOCH2 SCH2 CH( CH3) SCH2CH( CH3) SH

CH3OCOCH2 CH2 SCH2 CH(

t heory why the

cokes. 20

=

absence of additive #cofdinP8che Prksnt Hhvértbor i Sthe effect

Fig. 1 illustrates a test unit for tRermal "cracking used in Exganpl es
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as inhibitor to prevent deposmon of cokes.

As control sample, the residue of atmospheric distillation column
was used. In comparative examples, the additive according to the present
invention was replaced by other sulfur-containing compounds which were
outside the present invention.

Each sample of the residue from atmospheric distillation column
containing (or not containing) an additive was injected continuously into
the test unit through a micro-feeder 1 which was heated by a jacket 2
through which hot water of 60 °C circulate from a hot water tank 3. The
sample was heated in a pre-heating zone 4 covered by insulator and
maintained at a temperature of 250 °C by a heater 5 which was controlled
by temperature-adjuster 6 and thermocouple 7. The sample was fed
through a stainless tube 8 having a diameter of 1/8 inch to a reaction zone
11 in which the stainless tube 8 was enlarged to a 1/4 inch tube 9. This
stainless tube 9 (length of 30 cm) was embedded in aluminum block 10
(diameter of 6 cm x height of 25 cm). The reaction zone 11 was further
surrounded by an insulator and was kept at a temperature of 410 °C by a
heater which was controlled: by temperature-adjuster 13 and
thermocouple 12.

The residence time of the residue from atmospheric distillation
column in the reaction zone 11 was adjusted to 10 minutes which
corresponds to a condition in actual vacuum distillation cblumn.

Thus, the effect of the additive according to the present invention as

inhibitor to prevent deposition of cokes was evaluated with the residue of

MM)fspm the bottom, £ natsnesphesic distihlationn t he

in the

present invent |cg" . 'ﬁtkg% &h@'&?‘éﬁqﬂ ates 1ﬁ a‘?’%’?”fﬁﬁ%@eﬁ} %gg?%ﬁﬁgr‘?rof



of the present invention. 25 Now, exanpl es of the present invention

<« will be explained but the present invention is not limted to
following illustrative exanpl es.
8 Description of the Preferred enbodi nents Resi due obt ai ned
fromthe bottom of atnospheric distillation colum was heat-treated in
a test unit showmn in Fig. 1 in the presgnce or absence of additive
according to the present invention to study the effect 5 as inhibitor to
prevent deposition of cokes. As control sanple, the residue of
at mospheri ¢ di gtimosphieriendistillation columapin ubedest! unit shpwmein Rigeiawhicts, the
addi tive according to the present I nvention was replaced by ot her
sul f ur - cont ai nmﬂmmwmwtgﬂ oil refaneryiprecesse present i nvention.

10 Each sanpl.g, of e resjdue f.r t [ IS i mm
contai ning (or not @%F&‘H%i tﬁase%)ég %BF@[H)’Z %ﬁ?%@&@&%&%ﬁﬁgs{a&?mo
the test unit héaies h6 Rt ' £ 6 eRYmPlds® i

t hrough whi ch t%%?‘e‘?cg? 60 Pgrr] Cu?:ei\r&ggffg{\e&f ré)?naﬁa hgt vvatlerﬁi[(g)r*l‘lé&é. The
sanpl e was $eathel additivepaccordintg to the peesent dnventibb wasneeplaced: by rsnlfifr-

mai nt ai ned at %oae, ,eratur&qci{déZSO. S{Ir %Rgmgtggg;%egm\g’hpbﬁgnms

controll ed R mch - The sanpl e
was fed t hrough a stainless tube 8 having a dianeter of 1/8 inch to a

reaction zone 11 in which the stainless tube 8 was enlarged to a 1/4
i nch tube 9. TI%%!DBM stainless tube 9 (length of 30 cm was enbedded in

al um num bl ock
Following compound "A" (a product of Nippon Shokubai Co., Ltd.)
10 having mercapto alkylthio group was used as additive:
CH3000CHCH;SCHCH(CH3)SH
The weight concentration of the additive added to the residue of
atmospheric distillation column at was adjusted to 200 ppm. |
The test was effected for 3 hours and then cokes deposited on inner
15 surface of the stainless tube 9 was collected and washed with n-hexane.
Collected cokes was dried and weighed to find cokes of 12.6 mg.
| The same procedure as above was repeated for the control
containing no additive to find cokes of 24.7 mg. .
Compé.ring the results, it was revealed that the additive prevent or
20 inhibit production of cokes. In fact, production of cokes was decreased
by 49 % [(24.7-12.6)/24.7 = 0.49] by the additive according to the

present invention.
Example 2
25 The same procedure as Example 1 was repeated but as additive a

mixture "B" of following two compound (2) and (b) (products of Nippon
Shokubai Co., Ltd.) (weight ratio = 1:1) was used:

(a) (HOCH2)C(CH20COCH2CH2SCH2CH2SH)3

(b) C(CH20COCHCH2SCH2CH28H)4



2 0 (dianeter of 6 cmx height of 25 cn). The reaction zone 11 was further
“surrounded by an insulator and was kept at a tenperature of 410 [err]C by a
heat er which was control |l ed by tenperature-adjuster 13 and

t her nocoupl e 12. The residence tinme of the residue from
atnospheric distillation 25 colum in the reaction zone 11 was adjusted to
10 m nutes which corresponds to ajt(ﬁondition I n actual vacuum
distillation colum. Thus, e effect of the additive according

to the present invention as i nhi bitor to &event depositi on of cokes
was eval uat ed wit h Gollegted iwrse6df mg. This means producuon of cokes was

which s ”§ @ﬂeﬁh%h%v&é"twﬁ (52725192817 o Py B g dgatey

The sane test dtinté&tigient r ol sanpl e of the sane
. 3%5 t'in Fﬁ% _ ! .
resi due but cont a| ns o ag tive and for conparative exanples in which 5

the additive according to the present invention was replaced by sul fur-

cont ai ni ng conEoundﬁ ggi ch were outside the present invention.
Exanple 1 5 | | owi ng conmpound "A" (a product of N ppon Shokubai

G000 202500 O HHE e BioteRule/ ol iR I WiESRol SRR RRCRY hhdite

addi ti ve added e'qeaof 4oBowR m di (Y1 e at
was adj ust ed t%&)&pgm o ing two cé t'est B\?\(gg%gf f ect(ie)ic}l‘ﬁac or OPN E?gnand
t hen cokes dep&hokubabCoi,Itdc) (weight ratlo 9:1) was used.
(a) CH30COCHCH2SCH2CHLSH
10 ®) CH;0COCH2CH,SCH2CH2SCHoCHoSH

Collected was 10.8 mg. This means that production of cokes was

decreased by 56 % by the additive according to the present invention.

Example 4
15 The same procedure as Example 1 was repeated but as additive a
mixture "D" of following two compound (a) and (b) (products of Nippon
Shokubai Co., Ltd.) (weight ratio = 9:1) was used:
(@ CH3OCOCH2SCH2CH(CH3) SH
(b) CH;0COCH;SCH;CH(CH3)SCH,CH(CH3)SH
20 Collected was 12.1 mg. This means that production of cokes was
decreased by 51 % by the additive according to the present invention.

Comparative Example 1
The same procedure as Example 1 was repeated but as additive
25 pentaerythritol tetrakis(3-mercapto propionate):
C(CH20COCH2CH2SH)4
(product of EIf Atochem S.A.) was used.
Collected was 13.5 mg. This means that production of cokes was
decreased by 45 % in this case.



15 surface of the stainless tube 9 was collected and washed with
* n- hexane. Col | ected cokes was dried and weighed to fi.nd cokes of 12.6
ny. The sane procedure as above was repeated for the control

containing no additive to find cokes of 24.7 ng. Conparing the
results, it was revealed that the additive prevent or 20 I nhi bit
production of cokes. In fact, producti of cokes was decreased by 49
%[(24.7-12.6)/24.7 = 0.49] by the additive according to the pr esent

i nventi on. Exanple 225 The sane procedure as Exanple 1 was

repeat ed but m xture "B" of follow ng two conpound (a)
and (b) (products Sho

bai Ltd. i.ght ratio, = 1)
was used: &ﬁe(nm@}@( E:‘H%E&Pl?d-l Put as additive (b)
C( CH20OCOCH2CH 10
Col | ect ed ms@%%@%ﬂglqwg? ‘producti on of cokes was decr eased

drastically by 75 %[ (24.7-6.1)/ 24CH GGOGHhCHgSHhe additive accordi ng
to the present invention. 5 Exanp Ie 3 The same procedure as

Exanpl e 1 as fprpdmmeIftAmhenﬂSIA&wasused m xture "C' of following two

d d (b t
compound (a) and (b products, o, N g "This means that production of cokes was
decreased by 36 % in this case.

Comparative Example 3
10 The same procedure as Example 1 was repeated but as additive
dimethyl disulfide: '

CH3SSCH3
(product of Elf Atochem S.A.) was used.

Collected was 18.6 mg. This means that producnon of cokes was
15" decreased by 25 % in this case.

scative Exarmplo 4

The same procédure as Example 1 was repeated but as additive
dimethyl sulfide:
20 CH3SCI-13

(product of Elf Atochem S.A.) was used

Collected was 20.1 mg. This means that production of cokes was
decreased by 19 % in this case.

25 Comparative Example §
The same procedure as Example 1 was repeated but as additive 2-
mercapto ethanol:
HOCH,CH2SH
(product of Elf Atochem S.A.) was used.



Shokubai Co., Ltd.) (weight ratio = 9:1) was used: (a)

» CH3OCH2CH2SCH2CH2SH 10 (b) CH30OCOCH2CH2SCH2CH2SCH2CH2 SH

Coll ected was 10.8 ng. This means that production of cokes was
decreased by 56 % by the additive according to the present invention.

Exanple 4 15 The sane pr ocedure as Exanple 1 was repeated but as
additive a m xture "D' of foIIovmn two conpound (a) and (b) (products
of Ni ppon -Shokubai Co., Ltd.) (wei g% ratio = 9:1) was used:

(a) CH30COCH2SCH2CH( CH3) SH (b)

CH3OCOCH2 SCH2 CH( CHD Sllédtéd iwas2 R4 idg. This measthat groduction b2 cbkes washi s
means that production of cokes was decreased by 51 % by the additive
accordi ng to téecrgasedby I3 %ain thiscase. Conpar ative Exanple 1

The sane procedure | e 1 was t epeat byt as additive 2 5

pent aerythritol tetﬁi‘kf@gg ap\“o'ﬁ&?l Li

C(C'ﬂOCOCHZC'ﬂSFM 'r bl &wéady‘iﬁ tOfheFtbm aﬁh@ Shdvihg '@ ka i

Col | ected was 13. o h S maansathaet pr@buctl gln) of coOkes Ithio

decreased Wy 4gronp acctbndmg,mehe present invention exhibit remarkable property to
inhibit deposition of cokes comparing to other compounds used in

Comparative Examples.



Conmpar ati ve Exanple 2 The sane procedure as Exanple 1 was
‘repeated but as additive nmet hyl - 3- mer capt o propi onat e:
CH3OCOCH2CH2SH 5 (product of EIf Atochem S. A ) was used.

Col l ected was 15.7 ng. This nmeans that production of cokes was

decreased by 36 % in this case. ’ Conpar ative Exanple 3 10 The
sane procedure as Exanple 1 was repeatedPput as additive di met hyl
di sul fide: ' CH3SSCH3 (product of Elf
Atochem S. A.) was used. Col l ected was 18.6 ng. This neans that
producti on of cokes was 1 5 decreased b¥able Poin this case.
Conparati ve Exanple 4 The sane procedure _as Exanple 1 was
repeat ed but additive di met hyl sulfidg 2 0O
CH3SCH3 product of EIf At oAdiive A ) wgsokesproduced {decremmsit| ct ed
was 20.1 ng. This neans thht production of cokles wiBig) jlecr@Xed by 19
%in this case 25 Conphrative Exanple 5 The $ane procefure
as Exanple | whs repeated but as additive 2- ﬁécapto et hanol :
HOCH2 CH2 SH FBBS@Ect f Elf Al8Bem S. A )| was d. -
Example 1 A* | 126 49
10 Example 2 B* 6.1 75
Example 3 C* 10.8 56
Example 4 D* . 12.1 51
15 .
Comparative 1 | C(CH,OCOCH,CH;SH)4 13.5 45
Comparative 2| CH30COCH,;CH,;SH 15.7 36
20 |Comparative 3 CH3SSCH3 18.6 25
Comparative 4 CH,SCH; | 20.1 19
Comparative 5 HOCH,;CH,SH 214 13
25

* A: CH30COCH;CH,SCH,CH(CH3)SH
* B amixture of (HOCH2)C(CH20COCH2CH2SCH2CH,SH)3 and
C(CH,0COCH2CH2SCH2CH2SH) (1:1)
* C: amixture of CH3OCOCH2CH2SCH2CH,SH and
30 CH3;0COCH2CH,SCH2CH2SCH2CHLSH (9:1)
* D: amixture of CH3OCOCH2SCH2CH(CH3) SH and
CH3;0COCH;SCH,yCH(CH3)SCH,CH(CH3)SH (9:1)



12 Coll ected was 21.4 ng. This nmeans that production of cokes was
- decreased by 13 %in this case. The results are summarized in

Tabl e 1. Table 1 reveals that the conmpounds (1) having

mer capt oal kylthio 5 group according to the pres I bit
remar kabl e property to I nhi bit deposi t I on ofﬁm“HmﬁmHﬂﬂ“m to other
conpounds used in Conpar ati ve Exanp}

13 Tabl e Additive
cokes produced decrenent (m)
(%9 5 control none 24. 7 Exampl e |

A* Claimdg . 6 49

1. Method for reducing deposition of cokes in heat-refining
process of petroleum high-molecular hydrocarbons, characterized in that

5 heat-treatment in a heating unit is effected in the presence of at least
one compound (I) having at least one mercapto alkylthio group:
HS- CyyHom - S -
in which “m" is an integer of 2 to 4.
10 2. The method set forth in claim I, wherein said compound (I)

havmg mercapto alkylthio group is added at a proportion of 10 ppm to 1
% by weight with respect to petroleum hydrocarbons to be treated.

3. The method set forth in claim 1 or 2, wherein said heat-

15 treatment is carried out in a temperature ranging from 250 °C to 550 °C
and in a residence time of 1 to 60 min.

4. The method set forth in any one of claims 1 to 3, wherein
said compound (I) having mercapto alkylthio group is added to said

20 petroleum hydrocarbons before the latter is introduced into said he@ting
unit.

S.  The method set forth in any one of claims 1 to 4, wherein
said compound (I) having mercapto alkylthio group is represented by the
25 general formula (A):
(R1, R2, R3, R4, Rs, Rg) - (§- CyHom - SH) . (A)
in which

“m" is an integer of 2 to 4,



10 ‘ Exampl e 2 B* 6.1 75

Exampl e 3
- C* 10. 8 56 Exanpl-e
12. 1 51 Conparative 1 CHZOCOCHZCHZS 4 13.5
45 Conparative 2 CHBG:G:HZCHZSH mu 36 20
o marative 2 s (I ﬂnunlmumpar D
CH3SCH3 20.1 Conmp arative 5" HOCH2 CH2 SH
21. 4 13 25 * A CI:CI:I]—“ISCHZSCHZCH( CH3) SH * B a
m xture of (HOCH2) C( CH2OCOCH2CH2SCH2CH2SH) 3 and
C( CH2OCOCH2CH2SCH2CH2SH) 4 (1: 1) * C.  a mxture of

CH3OCOCH2CH2 SCH2 CH2 St gngh ﬁn@ er of 1 to 6, arltis OCOCH2 CH2 SCH2CH2SCH2CH2SH (9: 1)
* D0 a mxture of CH3 2CI—ICH33RSHa(iz6
CH3OCOCH2 SCH2 CH( CH3 &M oﬁ{mﬁzeﬂa Ray is organic group and may be
14 bonded each other through one or more than one chemical bonds, and at
least one of Ry, Ry, R3, R4, Rs and Rg must exist in said compound, the
5 total carbon number of R, Ry, R3, R4, R5 and Rg being 2 to 28.

6. The method set forth in any one of claims 1 to §, wherein
said heating unit is atmospheric distillation column, vacuum distillation
column, thermal cracking unit or visbreaking unit.

10

7.  Additive to reducing deposition of cokes in heating unit used
in heat-refining process of petroleum high-molecular hydrocarbons,
comprising at least one compound (I) having at least one
mercaprtoalkylthio group: '

15 HS- CpyHom - S~

in which “m" is an integer of 2 to 4.

8.  The additive set forth in claim 7, wherein said compound (I)
having mercapto alkylttﬁo group is, represented by the general formula
20 (A): -
(R1. Ry, Ry, Ra. Rs, Rs) (S-CpHom-SH)y  (A)

in which

"m" is an integer of 2 to 4,
"n" is an integer of 1 to 6, and
25 each of Ry, Ry, R3, Ry, Rs and R4 is organic group and may be
bonded each other through one or more than one chemical bonds, and at
least one of Rj, Rj, R3, Ry, Rs and R4 must exist in said compound, the
" total carbon numbg.r of Rj, Ry, R3, R4, Rs and Rg being 2 to 28.



Cléins 1. Method for reducing deposition of cokes in

-heat -refining process of petrol eum hi gh-no ,
characterized in that 5 heat-treatnent in a heating unit is effected
in the presence of at | east one conpound (| one

mer capt o al kyl t hi o group: Hlmml“ﬁmmuﬂ@r rlH err]-
S - in which "n is an integer of to4. 1 10°¢ v "2.% The nethod
set forth in claiml, wherein said co und (1) havi ng nercapto

al kylthio group is added at a proportion of 10 ppmto 1 _% by wei ght

W th respect to petrol eum hydrocarbons to be treated. 3. The

met hod set forth in claiml or 2 wherein said heat- 15 treatnent is
carried out in a tenperature ranging from250 [err]C to 550 [err]C

and in a residence 9) e (e of ¢ ufid7) having at least oné-merEhmeud)jMiéet
forth in any one of clains 1 to 3, wherein sai d conmpound (1) having
mer capt o al kyl @0@Pgroup is added to said 2 0 petrol eum hydrocarbons before
the latter is introduced into said thggi S unit. 5.

The nmethod set forth in any one of T 2m5°4, wherein sai d

d (1} hayi { j =Y
Gonbrans bl B RCSRR dn B 8 2 € By YRl Bpldon b7,
Rlerr]) - (S Cokes Jih|keating uhit)gsed in héat-refiningiprocess of petroleum high-" nt
is an integer of 2 to 4,
molecular hydrocarbons.




15 "n" is an integer of 1 to 6, and each of
Rlerr], Rerr], Rerr], Rerr], Rerr] and Rerr] is organic group and may
be bonded each ot her through one or nore than one chem cal bonds, and

at | east one of Rerr], Rerr], Rerr], Rerr], Rerr] and R err] mnust
exist in said conpound, the 5 total carbon nunber of Rerr], R[err]
Rlerr], Rerr], Rerr] and R err] being to 28. . The

nmet hod set forth in any one of clains 1 b 5, wherein sald heat i ng
unit is atnospheric distillation colum, vacuum distillation col umm,
thermal cracking unit or visbreaking unit. 7. Additive to

pr 00ess of pot LM@&%%S&J@@@PQ&J?§§%§%§EFB‘S gt heat-relilE BrOLER T 1Y,

d (I) h 15
ﬂg.e (c:fgffijﬂ[ egri gY' " (ﬁ*péﬁé%l mlosle%iﬁhlfn egerhj‘q&yII o g.roup

8. The additive set forth "hrlﬂﬂddlt?veﬂé’&{ﬁiﬂléﬁi&héd”pound (1)

havi ng nercapto alkylthio group is represented by the general formula 2 0

Rrrirtery - o9 (o} a0 oSl 1. Rerr)) (=
Method for reducing deposition of cokes in heat-refining process of
petroleum high-molecular hydrocarbons, characterized in that heat-
5 treatment in a heating unit is effected in the presence of at least one
compound () having at least one mercaprtoalkylthio group:
HS- C,Ho - S -

in which "m" is an integer of 2 to 4.

Figure 1



i n which "m' is an integer of 2 to 4, "n" is an
integer of 1 to 6, and 2 5 each of Rerr], Rerr], Rerr], Rerr],
Rlerr] and Rlerr] is organic group and may be bonded each ot her
t hrough one or nore than one chem cal bonds, and at | east one of
Rlerr], Rerr], Rerr], Rerr], Rerr] and Rerr] nmust exist in said
conpound, the total carbon nunber of R err], Rerr], Rerr], Rerr],
Rlerr] and Rlerr] being 2 to 28. /
16 9. Use of conmpound (I]) ]havi ng at | east one
mer caprtoal kylthio group:lﬁl-:l"m HS-
Cerr]Herr]- S- 5 in which3W is an integer of 2 to 4, as additive to
reduci ng deposition of co in heating unit used in heat-refining
process of petrol eum high- E)I ecul ar hydgpgar bons.

s

13 TEMPE
2 CON
12 THER
COUP

BLOCK

9 STAINLESS
TUBE

=8

¥ 0o o"n o n 0% s L% LT (R e ¥ o Je 5 e 500 0
KA A ket RAREe

10 ALUMINUM
14 CONTAINER

|

—C J 1] de-<
EE-..-.%.-.-.'. """"‘-"::.::'\ %
oo o e o e Aot -— ': %
- Q O
w/\, (O] ﬁ N
= o
Euw
PR < :ﬁ: %
ol i e G "
(18] : .::...d'..f d‘..f.'f..d‘.‘:.‘:,.:..:..:,'d':: _E':. @
E 3 i,‘ O R R EAETS o
wi 55 R RS EE S ERE
pu o~
0 ouw
e Z5 L
i TR
== |/ E8 Q) S
=1 Q
) 1= <@
i = o B8
o= N 1
ite) i
= L
o o
O
=
-
(1
G - LILI -
l—
o %
™




