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1 
This invention pertains to the conversion of 

hydrocarbonsto acetylene andethylene in pebble 
heatertype apparatuS. 
Pebble heatertype apparatusisfinding increaS? 

ing favor in effecting the conversion of various 
types of hydrocarbon streams into more desir? 
able hydrocarbons particularly hydrocarbon COn? 
versionsinvolving crackingand reforming Typi? 
ca1 pebble heater operation entails heating a 
gravitating mass of refractory pebbles in an up? 
per heating chamber by contact with hot flue 
gas formed in the bottom of the Chanaber by 
combustion of a light hydrocarbon fuel with air, 
gravitating the resulting hot stream of pebbles 
through a restricted pebble throat Or paSSage? 
way into a lower chamber wherein the hot col 
umn of pebbles is contacted in countercurrent 
flow with a stream of hydroCarbon Vapor under 
conversion conditions of temperatures?time and 
pressure The stream of pebbles emerges from 
the bottom of the reactor orfurnace Considerably 
cooled and flows downwardly to the lower end 
of a pebble elevator which elevates the pebbles 
to a chute leading into the upper part Of the 
pebble heating chamber through Which they are 
delivered to be reheated. In this manner heat 
is imparted to the refractory pebbles Which are 
utilized to Carry the heat for the prOCeSS to the 
conversion chamber In this type of operation, 
as contrasted with hydrocarbon Conversion in a 
regenerative furnace, the flue gas for the process 
is not mixed with the hydrocarbon product and 
it is also p0SSible to Operate COntinu0uSly On? 
stream in the conversion ofthe hydrOCarbOn. 
The term “pebble" as referred to throughout 

the Specification includes any particulate refraC? 
tory Contact material of Suitable form size and 
density?to be readily flowable through the peb 
ble heater chambers and capable of WithStand? 
ing temperatures upwards of 3000° F The peb? 
bles are preferably spherica1 and range from ? 
to 1”in diameter Uniform Shapes and sizes are 
preferred but pebbles of irregular Shapes and 
sizes are Operablewith less efficient reSults. Com? 
mon materials utilized in forming pebbles in 
Clude alumina, mullite,Zirconia?thoria, periclase, 
Synthetic and natural clays, either alone or in 
Combination With each Other. 
A Specific application of the pebble heater to 

hydroCarbon COnVerSion is in the Cracking Of a 
Vaporous hydrocarbon Stream to acetylene ?A 
Column of refractory pebbles is heated in a peb 
ble heating chamber by contact with hot com 
buStiongasto atemperatureat least 150° F. above 
the desired cracking temperature and the hot 
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2 
pebbles are gravitated through a reaction cham? 
ber in a contiguous compact column The hy? 
drocarbon to be crackedis introduced to the bot 
tom of the reaction chamber and flows upwardly 
in Contact with the descending pebbles so as to 
raise the teraperature of the hydrocarbon to 
Cracking temperature and crack the same to 
lighter hydrocarbons, particularly acetylene Be 
CauSe of the fact that Cracking to acetylene re 
quires extremely high temperature?a relatively 
1arge amount Of heat at the elevated tempera? 
tures fast heating and Short reaction time for 
Optimum yields?it is found that the efluent peb 
ble temperature from the reaction chamber is 
S0 high that ordinary Cast iron and Steel trans 
fer equipment cannot be used in elevating the 
pebbles to the pebble heating chamber. For ex 
ample?it has been found that in Cracking a hy? 
droCarbon feed Consisting principally of meth? 
ane by this method, even though the feed is 
introduced at a temperature Of 100° F. and the 
efluent product temperature is 2600° F. using 
pebbles from the pebble heating chamber at 
2800° F the efluent pebbles from the reactor are 
cooled down to only about 1500° F These very 
high temperature pebbles necessitate a Special 
design and high temperature alloys for the ele? 
Vator equipment that Carries the pebbles from 
the bottom of the reactorto the top of the pebble 
heating chamber Another Serious disadvantage 
is that the feeding of these high temperature 
pebbles into the pebble heating chamber reSultS 
in an extremely high Stack gastemperature and 
consequently in large heat losses in the stack 
gaSeS. * 

The principal object of the invention isto pro 
vide a pebble heater process for manufacturing 
acetylene as a primary product and ethylene as 
a secondary product which effects optimum yields 
and more efficiently utilizes the available heat in 
the pebble stream?Another object of the inven? 
tion is to provide a pebble heater acetylene and 
ethylene producing process which lowersthetem? 
perature of the effiuent pebbles from the reactor 
Sufficiently to permit the use of ordinary cast 
iron and steel elevator equipment Afurther Ob? 
ject of the invention is to reduce Stack gaS heat 
losses in a pebble heater process for making 
acety1ene Other objects of the invention Will 
become apparent from the accompanying dis 
ClOSure. 
I have devised a process for the conversion of 

a gaseous hydrocarbon stream to aCetylene which 
acComplishes the foregoing objectiveS. In aC? 
Cordance with this process a Compact Stream of 
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pebbles is heated in the pebble heating Chanaber 
to a teraperature in the range Of 1800 tO 3400° F. 
by contact with hot combustion gas produced by 
burning a light hydrOCarbOn fuel in the lower 
portion ofthe chamber The hot Compact Stream 
Of pebbles is Continuously gravitated to a lower 
Conversion or Cracking Chamber through Which 
the pebbles pass in CounterCurrent Contact With 
hydrocarbon in vapor phase SO asto Crack a Con 
Siderabie portion thereOf to acetylene. The hy? 
drocarbon feed in Wapor form is introduCed into 
the botton Of the coraverSiOra Chamber which en~ 
closes the gravitating compact stream of pebbles 
SO as to provide a feed preheating Section in the 
1ower portion an ethylene forming intermediate 
Section, and an acetylene forming upper Sec? 
tion As the hydrocarbon feed paSSes upWardly 
through the Chamber it is brought to Cracking 
temperature and a portion thereof is cracked 
t01ighter hydrocarbons in the intermediate Sec 
tion Ethylene makes up a substantial portion 
Of the Cracked gases in the internediate Section. 
A portion of this ethylene-rich gas is withdrawn 
directly from the intermediate section so as to 
reduce ?he proportion of hydrOCarbon paSSing 
into the acetylene forming section?thereby pro 
viding faster heating of the ethylene and Other 
hydrocarbon gaSes paSSing into the acetylene 
forming section This feature results in higher 
yields of acetylene in terms of the hydrocarbon 
paSSed into thiS ZOne Or Section in compariSOn t0 
the yield obtainedwithout withdrawing an ethyl 
ene containing stream from the intermediate Sec? 
tion An acetylene-rich effiuent is withdrawn 
from the top or upper Section of the reactor at 
a temperature in the range of about 1700 to 
3200° F. 
By withdrawing a partially cracked hydrocar 

bon stream preferably ethylene-rich, from the 
intermediate Section Of the reaction Chamber it 
is feaSible to control pebble outlet temperature 
So that effiuent pebbles are Cooled to a tempera? 
ture below 800° F By reducing the efluent peb 
ble temperature from the reaction Zone below this 
temperature?viz. 800° F. it is feasible to trans 
fer the pebbles to the pebble heating chamber 
in Ordinary cast iron and Steel elevator equip? 
ment WhereaS With0ut this efluent rerY10Val frOm 
the intermediate section the pebbles come out of 
the reactor so hot that it is necessary to use 
Special alloy equipment to effect the transfer. 
An attendant advantage of the process of the 

inWention is in the lowering of the stack gas 
temperature from the pebble heating chamber 
In normal Operation the pebbles going into the 
pebble heating Chamber are Considerably above 
the temperature at which ordinary cast iron 
and Steel elevator equipment can be used for 
eXarnple around 1500° F Even when Cracking 
the hydrocarbon stream to acetylene at the low? 
er temperatures of the range it is difficult if 
not impOSSible to So Operate that the efluent 
pebble temperature from the reactor is below 
1000° F. - 

It can readily be seen that any withdrawa1 of 
partially Cracked efiuent from the intermediate 
Section of the reactor aids in reducing pebble 
9utlet temperatures and also in effecting faster 
heating and cracking of the partially cracked 
gaSes in the acetylene forming section so as to 
improve the yield of acetylene. However it is 
preferred to withdraw a side stream from the 
intermediate section which is in the range of 
30to 90 weight per cent of the hydrocarbonfeed. 
The acetylene may be recovered from this Side 
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4 
stream as a product of the process and the re 
maining fraction may be recycled to the feed 
and Cracked further. If deSired O?her ConStitu? 
ents may be separated from the side Stream be 
fore reCycling the residue to the feed. 
In another modification of the proceSS and ap 

paratUS, the high temperature acetylene-rich ef? 
fluent iS Contacted in CounterCurrent flow in a 
pebble quench chamber with pebbles transferred 
fron the bottom of the reaction chamber to the 
top Of the pebble quenching chamber So as to 
quickly reduce the temperature of the acetylene 
rich product and preheat the pebbles which are 
then transferred to the pebble heating chamber 
by neans of another elevator. 
As disCuSSed hereinafter in reference to the 

draWing the invention alSo provides for the in 
troduction of a second more refractory hydro 
CarbOn feed to the reactOr at an intermediate 
Section thereOf Where the tenaperature is Suit 
able for Cracking the particular feed introduced 
at that point When introducing a propane 
rich feed to the bottom of the reactor a pref 
erable Secondary feedis ethane Any secondary 
feed Should be preheated of course. 
In a further modification of the process of 

the invention a portion of the ethy?ene-rich 
Streana resulting frora propane cracking in the 
lower portion of the reactor is taken off as a 
Side Stream just below the 1evel of introduction 
Of the ethane Strearn, and a portion or all of 
this this ethylene-rich side stream is introduced 
to the acetylene-forming section of the reactor. 
FOr a a10re COmplete Comprehension of the in 

Vention reference rriay be had to the drawing 
Of which Figure 1 is a vertical cross-section of 
a pebble heater reactor for preforming the in 
Vention Figure 2 is a partial vertica1 section 
Of a pebble heater reactor similar to that shown 
in Figure 1 Showing a different modification of 
the efluent withdrawal means and Figure 3 is 
an elevational view showing diagrammatically 
the positional relation of the pebble heater re 
actor of Figure 1 in a conventional pebble heat 
er arrangeraent. - - 

Referring to Figure 1, numera1 10 designates 
a reaCtion Chamber having metal she11?II, a 
pair of refractory linings 2 and 3 of which 
the inner lining 13 is made up of hightempera 
ture refractories Capable of withstanding tern 
peratures upwards of at least 3000° F A per 
forate conical false bottom 4 in the lower sec 
tion of the chamber is spaced apart from the 
bottom thereof to form a gas distributing space 
16 Perforate conical bottom {4 joins an up 
right Conduit leading into pebble outlet 17, Line 
18 serves to introduce the hydrocarbon feed to 
the distributing Space below conical bottom 14 
for distribution upwardly through the reactor. 
A ring bafle 20 is disposed within the reactor 
intermediate the ends thereof to form an annu 
lar gas collecting space between the bafle and 
the lining of the reactor with which efluent 
Conduits 2f Communicate This arrangement 
provides a means of withdrawing gaseous efluent 
from the intermediate section of the reactor. 
While the arrangement shown indicates the use 
Of four efluent withdrawal lines, any number 
may be utilized forthis purpose Another group 
of efluent withdrawal lines 22 are positioined 
in the top of the reactor for withdrawing gase 
Ous efluent therefrom A pebble inlet conduit 
23 is disposed axially of the reactor and extends 
thereinto a short but substantial distance so as 
to proyide a vapor space 24 between a bed of 
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pebbles 26 (introduced through the conduit) and 
the dome of the reactor Vapor Collecting SpaCe 
24 Should be Small enough to avoid unduly in? 
Creasing reSidence time of the cracked hydro 
Carbon in this part of the reactor but should 
be Suficient in depth to avoid entrainment of 
the pebbles in the efluent gas passing out through 
lines 22. 
The arrangeraent Shown in Figure 2 utilizes 

a gas Collecting or bustle ring 28 around reactor 
10 at the approximate 10Gation of the efluent 
Iines in Figure 1. A Series of ports or openings 
29 lead upWardly and outwardly from the in 
terior of the reactor So as to avoid pebble flow 
into the buStle ring This structure is preferred 
in maOSt installations beCause it avoids Converg? 
ing pebbles toward the Center of the bed in this 
area and permitS Vertical flOW thereOf. 
The Vertical IOCation Of the efluent take0ff 

Structure in the intermediate Section of the re 
actor depends upon the flow and reaction condi? 
tions desired as well as upon the character of 
the partially Cracked gas Which it is desired to 
renaOVe frOm the intermediate Section Of the re 
aCtor It Can be readily determined by one 
Skilled in the art once the desired type of feed 
and reaction Conditions are known, just where 
the proper vertical location of the efluent lines 
Should be. 
Figure 3 shows a reactor I0 Similar to that of 

Figure 1 in vertical alignment with a pebble 
heating Chamber 33 Connected thereto by throat 
23. Line 34 leads into the bottom of pebble 
heating Chamber 33 and feeds a Cornbustible 
mixture to burners positioned in the bottom of 
the heater Or a h0t CombuStion gas directly int0 
the heating Chamber Combustion gas paSSeS 
upWardly through the bed Of pebbles to a Stack 
36 which Carries the flue gas to any Suitable use 
Or dispoSal Elevator 37 connects with pebble 
Outlet 16 through chute 33 and with pebble 
quench Charnber & I through Chute 44. Product 
efluent lines 22 ConneCt with the lower Section 
Of quench Chamber 4 and the Cooled efluent is 
paSSed via line 42 to a steam or water quench 
not Shown A pebble feeder 40 is positioned in 
Chute38 and Serves to Control the flow of pebbles 
through the heater and reactor A Chute 46 
COnnects the quench chamber pebble outlet Con 
duit With the bottom of a Second elevator 43 
Which eleWates pebbles paSSing feeder 47 to 
Chute 39 for delivery into heater 33. 
In another rnOdifiCation Of the apparatuS, ele? 

Vator37 ConnectS directly With Chute 39 aS Shown 
by dotted lines, thereby eliminating quench 
chamber 4 from the primary pebble Girculation 
System. In afurther modifiCation, quench cham 
ber 4I may be p0Sitioned above and in Iine with 
the Other tWO CharnberS SO aS to Connect direct 
1y with pebble chute 39, thereby eliminating one 
Of the elevators. 
Reactor 0 Of Figure 3 is na0dified So as to il? 

lustrate another feature Of the inVention where? 
by a SeCond more refractory feed Such as ethane 
is introduced to the reactor through line 19 at 
a level below that of efluent line 2I. By intro 
ducing an ethane-rich feed at this point, the 
hightemperature pebbles at this1evel are utilized 
to Crack ethane and the temperature of the peb? 
bles from the ethane Cracking Zone is still Suf? 
ficiently high to Crack leSS refractory propane, 
This arrangenaent and n1anner Of Operation per? 
mits greater flexibility of Operation and makes 
for more eficient utilization of heat in the re 
actOr. 

10 

20 

25 

30 

35 

40 

50 

60 

70 

75 

6 
An efluent line (dotted) 25 shows a further 

modifiCation of the invention which entails with 
drawing an ethylene-rich stream from the upper 
end of the propane Cracking Section and return 
ing the Same to the reactor at a level above the 
efluent line 2i and in the lower Section of the 
aCetylene-forming Section of the reactor. 
The feed to the process is preferably a nor? 

mally gaSeous hydrocarbon stream comprising 
principally methane ethane propane or butane, 
either aS Single COmponent feed Stocks or in 
admixture Natural gas Can be utilized as the 
feed Stock and it is advantageous to use steam 
as a diluent With this feed. Steam may also 
be utilized as the diluent with the other feeds 
COntemplated Various types of diluents may be 
utilized either truly inert or partially inert in 
the proceSS Partially inert diluents are Simply 
more refractory than the feed gas to be Cracked. 
Steam and methane are examples of partially 
inert diluents for the less refractory hydrocar 
bon feeds. The ratio of diluents to hydroCarbon 
feed may Wary Considerably but will USually be 
in the Order of 0.1 to 5 mols of diluent per mol of 
feed. 
The proportion Of feed Withdrawn from the 

intermediate Section of the reactor Waries Con 
Siderably but it is advantageous to maintain the 
prOpOrtion in the range of 30 to 90 Weight per 
Cent baSed On the Weight of the feed It Can 
readily be seen that the withdrawal of any por 
tion Of the hydrOCarbon Stream paSSing through 
the reactor as an efluent from the intermediate 
SeCtion Of the reactor efects a proportionate 
inCreaSe in the rate of heating in the upper 
acetylene-fornaing Section thereof and also 
IOWerS the efective pebble Outlet ternperature 
When Compared to the temperature which Would 
reSult if Only the portion of the hydrocarbon 
feed paSSing through the upper Section Were 
paSSed through the lower Section without any 
interrnediate withdraWal. 
The illuStrative details Set forth herein are 

not to be Construed as imposing unneceSSary 
linaitationSupon the inVention, the SCOpe of Which 
is Set forth in the ClaimS. 
I Claim: 
1. A proCeSS for manufacturing acetylene and 

ethylene which Comprises maintaining a grav? 
itating column of hot pebbles in an upright elon 
gated enclOSed reaction ZOne at an entering tem? 
perature in the range of 1800° to 2800° F.; paSS 
ing a Stream of normally gaseous hydroCarbon 
feed at a temperature below 500° F into the 
lower end Of Said ZOne in Contact with Said Col? 
umn and in Countercurrent flow with Said pebbles 
So aS to preheat Said feed to Cracking tempera? 
ture in the 10Wer Section of Said ZOne and COol 
Said pebbles to a temperature below 800° F.; 
Cracking Said feed to ethylene in an intermediate 
Section Of Said ZOne; WithdraWing an efluent 
COmpriSing ethylene directly from Said inter 
mediate Section So as to reduce the volume of 
hydroCarbon paSSing upWardly from Said inter 
mediate Section and thereby increase the rate 
of heating in the upper Section of Said reaction 
ZOne; paSSing the remaining hydroCarbon up 
Wardly through Said Zone directly from said 
internnediate Section through the next adjacent 
Section Of Said ZOne and Cracking Same to acety? 
lene in the upper Section Of Said Zone; and with 
draWing an efluent Comprising acetylene from 
the upper end Of Said Zone, - 

2. The process of Claim 1 in which the amount 
of effluent Comprising ethylene is maintained 
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in the range of 30 to 90 Weight per cent of the 
feed. - 

3. A process for manufacturing acetylene and 
ethylene which comprises heating a gravitating 
Column of pebbles to a temperature in the range 
of 1800° to 3400° F. in an upper heating Zone; 
graVitating Said Column through a Separate IOWer 
reaction zone comprising an upper acetylene 
forming Section, an intermediate ethylene? 
forming Section adjacent Said upper Section and 
a lower feed preheating Section adjacent Said 
intern1ediate Section; introducing a hydrocarbon 
feed in vapor forrn at a temperature below 500° 
F. into the bottonn Of Said preheating Section 
and paSSing Same upWardly through Said reaC? 
tion Zone in direct Contact with Said pebbles; pre 
heating Said feed to Cracking temperature in Said 
Dreheating Section and Cooling Said pebbles 
therein to an Outlet temperature belOW 800° F.; 
passing the preheated feed direcctly to Said in 
termediate Section and Cracking Said feed t0 
ethylene therein and WithdraWing an efluent 
Comprising ethylene directly therefrom SO aS to 
reduce the Volume of hydrocarbon paSSing up 
wardly from Said intermediate Section and 
thereby increase the rate of heating in the upper 
Section of Said reaction ZOne; paSSing the re 
maining portion of the hydrocarbon Stream di 
rectly from Said interrnediate Section through 
Said upper section and Cracking Same to aGety? 
1ene; withdrawing an efluent COrapriSing acety? 
1ene from Said upper Section; and transferring 
the Cooled pebbles to Said upper heating ZOne. 

4. The process of claim 3 in which the anaount 
of efluent Comprising ethylene is maintained in 
the range Of30 t090 Weight per Cent Of the feed. 

5. The process of.Claim 3 in which Said hydro 
carbon feed is a propane-rich Stream. 

6. The process of Claim 3 in Which a SeCOnd 
more refractory feed is introduced into Said re 
action Zone intermediate the point Of introduC? 
tion of feed to the preheating Section and the 
point of withdrawal of efluent from Said inter 
rnediate Section. 

7. The process of claim 6 in which the feed 
to Said preheating Section is a propane-rich 
stream and said Second feed is an ethane-rich 
Stream. 
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?8. The process of claim 3 in Which the Cooled 

pebbles egreSSing from Said preheating Section 
are Contacted with the acetylene-rich efluent 
from the acetylene-forming Section So as to 
quench Said efluent and preheat Said pebbles be 
fore the Same are transferred to Said upper heat 
ing ZOne. 

9. The proceSS Of claim 3 in Which an eth 
ylene-rich Side Stream is withdrawn from the 
ethylene-forming Section belOW the point Of 
withdrawal of said efluent comprising ethylene 
and the Sanae iS introduced int0 the lOWer SeC? 
tion of the acetylene-forming Section. 

10. In a prOCeSS for Cracking a Vaporous hy? 
droCarbon Stream in a pebble heater by Con 
tacting Said Stream in COUnterCurrent flOW With 
an enclosed gravitating column of hot pebbles 
under Conditions Such that a portion of Sald 
Strearn iS Gracked to ethylene in an intermediate 
Section Of Said Colunan and to acetylene in the 
next adjacent Upper Section, the irnprovernent 
Comprising WithdraWing an efluent Comprising 
ethylene aS a Side Stream frorn Said intermediate 
Section and paSSing the remaining Stream up? 
wardly through Said next adjacent upper sec 
tion SO aS tO paSS a larger amount Of hydro? 
Carbon through the lower and intermediate SeC? 
tions of Said Colunan, thereby reducing pebble 
Outlet temperature to leSS than 800° F., and 
So as to paSS a Smaller amount Of hydrOCarbon 
through Said upper Section, thereby efecting 
rnore rapid heating and greater ConverSiOn to 
acetylene therein. 
11?The process of claim 10 in which the 

amount of said side stream is in the range of 
30 t090 Weight per Cent Of the feed. 

References Cited in the file of this patent 
UNTTED STATES PATENTS 

?NUIaber Narae Date 
2,464.257 Felzer et al.???????? Mar?15, 1949 
2.482,438 Robinson ---------- Sept.30?1949 
2.486.627 Arnold ------------- NOV.1?1949 
2.518,688 HaSche -??????????? Aug.15?1950 
2.532,613 Dutcher------------ IDec.5?1950 
2.582,016 Putcher------------ Jan 8, 1952 

  


