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T STHis “invention Felated ¥’ a ' process ‘and

Apputg’us fclysr the prodmﬂuc%wlupf diphenyl ci);
rticular’ 8 _process

!gll:ﬁ:rh th‘gynpg:s ben);ol or’ gther dro-

_& matic hydrocarbon ure heated in a tube to ~

‘s temperature at which the molecular struc-
ture thereof is broken down and di hengl or

otber diaryl formed; and has for its ¢
provision ef conditions and menns
10 vhereby formation of carbon is cﬁmutly de-
and larger yields of desired

iaryl obtained.
A further gpecific object of my mvermon
rovide a process for the roduction
RI% of dxp%eny] bLthenml thesis, wherein
Jl may be resdily obtained for com-
mem

Prevmus methods for producing diphenyl *

«have been described by M. Berthelot in Ann,

2.1 ultz, Ann. 174 201

V,gsu Berthelot, Bull. Soc. Chem. (2) 22
7 (1874), 'Luddens Ber. -8 870 (1875),

,Schmidt snd Schu]tzA_nn ‘203 118 {1880),

ubner .Ann. 909 838 IA Coste and

.25 Sorger Ann, %0 1 (1 85), and McKee, J.

{Chem. Soc. | 1904, pege 403. In

e methods descnbed i)y these investigators

“Applieatioa S1ed Wevembez 11, 1980, Sertal No. 404955

.'uniqmaummmmmumnmwmmm
R Rt »=noommmAmroumxorm ) G

uocnu 0% rnowcme nmnx!mom s

e
et

t’ }n “sccount for the ‘relatively mn]l :
obtained, and also accounts for the
'act that these ribed processes remnmed
‘mére 1aboratory methods.
In my application, Serial Number 268 096, g5
filed "April -Tth, 1928, ‘there is shown, de’
‘stribed and clumed a process for producing
diphenyl by passing a stream of benzol va-
‘por over electrically heated screens. In
carrying out the invention aforesaid, I found eo
that it was hxghly important that the ben-
zol vapors be Y over the screens, heat-
‘ed to diphenyl forming temperatures, at a
relatively hi lgh velocity, in order to f}rne
vent the tota decomposmon of & part of the ¢
benzol into carbon and hydrogen or bitu-
minous bodies.

‘While the process deseribed in my prior
application has proved to be su 1, I
have found that satisfactory operation may %o
be obteined by the simpler process herein
described. In’ accordance with my present
invention, I pass benzol vapors through an
exteriorly heated tube and have devised
such & process -and apparatus whereby 15
ﬁlvater yields than any heretofore reported °

ave been obtained and have overcome the

.!. ‘t‘hn been the practice to boil b un-

icall Atmmpbenc ressue, {Ber-
g :-E. : be m&é'fq uf'?'h
jtion lu or e lig-
pm(; be pmﬂuwﬂy into the tube (Solux}t‘zI
also Bchridt and Schultz) or into a hea
wlaes” flask

(McKee ddens and Hub-
<88 mer, Neognwsﬂ the’ Jm LR

n"ffhm woﬁ’? 7

“* 'Mm 313“‘;’33 ‘“"""fo’f' dmbenﬂ '3

%' “ﬂm’“ pred,

" tein the velocity of the gases

\bility of obtaining '
;lnmform stream of benzol zqupor and em-

qedqmdoo,gounythebeml.

bedby{hehere- *least_throughout ‘that section of the tube

3 d g (]
Rﬂﬁ Y further discovered tbut I:he manter 4n

ty for frequent shut downs of the ap-
pnrltus due to carbor and tar formation.
In en out process, T have dis-_go

" covered that in orfer to reduce carbon for-

‘mation to & minimum it is necessary to main-
wbove the criti-
cal value in’ passing through the ‘tube,'and
referably at a uniform rate. Ibw!ur(»
thermore dlscovered that this eritical veloc-"
ity of the gases should preferibly be main-
tained throughout the length of the tube, at

within which the ben; npors are heated 90
above the d)pbenyl temperature.
"Obstrictions'in the’ tube l‘hrough which the

are’ Howing hlfhl undesirable,
they mnspomnb!e orythe formation

posih ,‘ﬁs
19’%“0 of lodal uels Ain whi¢h ‘the Velocity of the 95

' drops ‘below the cf'}t:ul velocxty And'
}ermxts carbon ' formaf

il Which'the' benzol vapor is admitied to the
th section of the't tube his's ‘Glmt‘ bear- 100

N
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ing on the rate of carbon formstion, and obtained while employing & 14" diameter
dnt when the vapor stream fluctuates in pipe and velocities abowe £9 ft. per second.
velocity, as when ! is vaporized by A marked decruse in the amount of carbon
dropping it dmotly into & heated tube or deposited may also be obtained by employ-

§ into with, ing a strict] umform flow of benzol va
even %'fdmly stomlr i 9&%% - gac

2

0
as mdy be obtained by partly t,hmttlmg
under ~atmospheric pressure, the streain of by passing “it through s suit-
mn-ked uctuations in the gas stréain occur ~ able"orifice.
wiich wite Sondasive to°carbon Formation. ' -/ The nying drevisgs, forming a
10 As a practical meany of xverceruing the ist- -of this 1pphcanon, illustrate an em- 7
ter objection, I haye found that by mtroduCA dxmem of m invention, in which :
ing s restncted érifice) e by ineans -gnmmtxc view of an ap-
threitling valve in the yapor umduxt be-_ g;:tus nnhb]e or carrying out the pro-
tween the benwl vnporiier und ‘the he; :
15 gube, aad thereby vaporizing benzol nnder fi )&, 2is s gnplncnl representation show- 80
- pomewhat above mtmpspberie, it ﬁu e influence of tempersture and rate of
As pomsihle £o ebtain & wniform wapor veloc- tment of the benzol vepors.
lty through the heated section af fhe tube Beferringl to the drawings, -1 show in
-menns Aor obtaining -upiform @ss _¥ig. 1 a boiler 10 for vaporizing the benzol.
% .ﬂew mll 'occurip those alsilled in-the art. - he boiler js provided with an electric heat- £5
rmining the effect of vr_locxty of J.ng coil 11, though any other suitable heat-
W VAPpI's @0 ﬂxe rate of carbon forma- jing means ma employed. At 12 is an
#ion, I ppriormed the Jollowing simple ex- inlet for benzol to be vaporized and at 13 is
iperiment. Benzol was yolatilized by slowly a-conduit through which the vaporized ben-
h ] drapping wmto the lower end of a vertical ‘zol is discharged. The bmler 10 is prefer- ¢
dreated tube, 1’ in diameter, in which was ably provided with a safety valve 'id. At

suspended an e?mtl which could be re- 16 is shown a conduit which connects'to the

moved and :we.lgh before, and lfter each conduit 13, and through which a non-¢om-

aaperisent. + The difference in weight gave bustible gus, such as carbon dioxide is passed
% the amount of carbon deposited. e ex- to purge the apparatus of air before start- &3

periment was run st 830° C. plus or minus ing the process.

+#0° C. dor, .thmy mmuws thh t.he foﬂowmg .. The ponduit 18 is provided with a restrict-

Jresults . od orifice at 17, the area of which may be

- L ’ "varied by means of a valve 18, A uge 19
. 'ﬁ"“’.": [T .shows the pressure in the boiler 10, while i
o (el gauge 21 shows the pressure mxmedmte}y
Toocky | eariece n { 1+ 5 beyond the valve 18.
i ', At 22 T séhow a furnace provided with a

ffs

table heating means, stch as an electric

n&vv;' st BT epevers .
s 916 arhre element 23, and in which is disposed 130
m“x” ‘l:::ﬁ: a1 i co:lhgi tube 24, "The tube 24 is comected
13 affirae a0 1 {
TV ) 1o sl L8 the conduit 18 o that vapors from the
i " iler YO pass thropgh the in the fur-
i A et mnm:L in fhe cu:;bnn d gueeﬂ, in t::luc'h t?ey msni&e‘? to a:ghenyl
ahen w8 ocity_is de- - formipg temperature. Suitable pera- 119
mghnwa 3|_5.'1yp“‘x N :-U second. !1?:9 rdmgpeaewces 28 and 27 arve dlb

_#hn egtimate | bnsed on the yapor neloclty and

within the furnace whereby the tem
rature of the farnace may be o ed.

igtics of th t th
Té 1:}:»&0!’ w&lcatase lpparu e mfhe e:ig:r . At the bottom of the tu’oe 84 js preferably
503 l&v from 15 1 mc?:“ cm. per f}llspOsegon L;:srboin; trap ?;:xg clengme? to s
mn mature.of the:fio e carbon ra |con i eading to-a
e .t o °§mu”3§: f‘i’i’l ondener &1 oo bich i condenmd v
mmlml ﬁm:nsq passto. ' The reeefver
ge.m 'bo rovided with a b vent 88. It is
° ‘ﬁww ks rgqg.es . ve rgleralﬂe ﬂf‘&! eg?‘tempemtum in-"420

s tmpched 4
z...agm"‘r@ﬂ*ﬁ‘ ek g e
ﬂsmf‘rl {3 ;M m iction t_kfb;ona\ﬁt i ti ’ FoN I—.I' K fersbly
whyld 4hat ¢ ’ﬁnuia‘ ho?nln Pizé Yrofera

8 et gn & ll(?r ‘anm ugg R
“gare of b an pounfls above 'at-
b Nx’o'n." ‘i&hmc ‘is ngisuma by ‘the bx;Le
Y 1 Eby lp‘g-

8¢ from A6~

y 0&0% H wﬁ}. ﬂxereérou the !urntce;:o.":
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inmeter uoo°c.-ndt.beuln18unponodto Wbm:ol vm‘nﬂ::tahmpentuxe
"°°l:‘°d' ' passage of vapors ; indicated the amount of condensate
°"‘l n ; ¥ The dl? ﬁe dad “mirnte ‘throngh the tube rather
smp AT ' ‘ ormbd by n!ve hin-the velocky Geeand. - All of
"P°' Qroundlgaound-mm Square in g indicated ate wafch ‘as So effect & 0
witling y the 2. J'hev: & "yupcr through the tube it &
- S mmmmm o dogomtion o e
. ‘a $6 prevent the de on n.
ming s - : ivhmughthe dmm&ltotbonmv- Iorm[petbeviporv ity, with 65 e.c.
a8 em- lo.:&vhel:mntnbotumdly tm per st 800° C. furnsce ¥5
The cmsamchom.h.mofd,\embe temperature; wis fonnd to be 82 feet per
h.n Ap- ﬂ such thlt the vapors in there- . iatond at 840° C., 96 feet per second ; and,
e pro flowats hubnlent cuntly,.‘# mc 89 faet second. ;
abow. 80 vedumnal veloutyu 'z,u beohmedthlt, with
gt e the icular size pipe employed, to to prevent %o
- e e
; a8 1 have 1llustr ave em 'y ven perature are obta: e
'!‘" ‘i;’ ‘of %" inside diameter 38 feet f:mi gg 'Mmp dower velocities. "This ds for the
heat. S5 . good results. In place of a throttle valve “tésson that s longer contact period is ob-
< h“:‘ 20 such s 18, I have found that a fixed orifice ‘thined and the va fms are more thoroughly s
[ e may be used equally as well, or a simple con- heated to dipheny! forming temperatures.
i m'." . striction in the conduit will also serve the °: In- this specification the term “critical ve-
"] be;xs purpose. Iouty -is -msed in its common engmeermﬁ
fo T A relation exists between the maximum ‘sense, a8 ‘indicating the velocity at whic!
'_;” N 5 temperature to which the tube 24 is heated stream line flow changes to turbulent flow. 90
“to t and the velocity of the vapors within the “JAs may be seen from the foregoing, the rate
_eothe tube so that the higher the temperature of bf flow of the vapers through a heated pipe,
» md‘ tube 24, the higher must the velocity of the in order to prevent.carbon formation, should
passe ‘s vapors be. I have operated successfully be turbulent and considerably above the
' gt 30 with tubes of 34”’ diameter steel tubmg “gritical velocxg L]
wtrict heated to 800° " when the ulror velocity < Other diaryls such as ditolyls, dixylyls or
be was as low as 29 fest per second and lower, "dinaphthyls may also be made in accordance
ny % without forming a troublesome amount of with my improved process. I do not wish
“;"‘;’ Qe i carbon. By operating in this manner with ‘therefore to be limited merely to the produc-
i u‘]e = 35 & tube 36 feet long, one obtains spproxi- tion of diphenyl. These' compounds :are-%0
miely mately 7.45% diphenyl in the condensate. . formed by the pyro'l!hc decomposition of
with By increasing the furnace tem ture to ‘the corresponding hydrocarbon in an analo-
ot 860° C. and employing & heated tube 100 gous manner to the formation of diphenyl.
Tectric 9% feet long, with a vapor velocity of 91 feet I have also determined that it is desirable
M”mddd &0 per pecond thmu&) e tube, 1 luve obtained “to smploy dry bydrocarbons for this pur- o
m th a yield of over 20% ‘K henyl, without any pose since the presence of moisture causes
e tu e . ) endenoe of earbon in the trap 28 or in the . formuhon during pyrol
ihen ri condensate. 1 have found it pnfenble to 't While T bosmy mvenhm in
. 3. s employ & relatively longfubemﬂdﬂr““bnthehm,ﬂ,'ﬂlbg‘obnousbm
e’;‘;‘ = 45 maintain'a sufficiently high velocity to aveid ,&ﬂ[,d ini the art that'it.is 3ot so ‘110
N “:: the formation of oarbon, coupled with s -but is susoeptible of various changes
ved ~ . sufficiently long period of contact of ths :Jeodifications, without departing from ‘the
bly : lnpomthhthebnbdtnbetomm&ar;&p ifit thereof, and I desire, therefore, that
ted toAir 1o thorough huhn‘i‘ d:pbenyl (ormmg tem- “hnly “limitations shall - placed there-
gton % .- 0 peratures. «axample j u‘&ven the “mpon as sre mpousd by the prior art or as’415
' wa. . g 5 - - period of contact of the vltg:n in the heatel ATy %pegaﬁen.ll m the appended
wh o f R s T Y
it is *

:

TR
3 25

}g“;f.
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