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RET'IOCS papers ( I ,  d , 4 )  have rlealt, with the developmciit 
and use of the Atlantic C:it,forniing catalyst for the octane 

improveinent of straight-run naphthas. Platinum on silica- 
alumina is n.n active catalyst for dehydrogenation of naphthenes, 
isomerbation of paramiis and naphthenes, dehydrocycliaatioii 
of paraffins, and the hydrocracking reactions. By deactivating 
the si1ic:t-alumina base, these reactions can be properly Imlanced 
to improve octane number with a minimum loss in volume of tho 
naphtha being reformed. 

The production of benzene from a Cg naphtha fraction requirw 
a catalyst of similar balanced activity. I n  this case, the two 
most import,ant reactions that  must be promoted are t,he dehy- 
drogenation of cyolohosaire (CII) and the dehydroisomerization 
of rrirtIi~-lcyclopent:tne ( l rCP).  The dehydroisomerieation of 
niethylcyclopentaIlc: is the, m')re tlifficult to achieve, but  because 
about 50y0 of the niiphthcwie hy<hcwboris  in most, n : i ~ ~ l i l h a ~  
are of the cyclopeiitaiie type (S ) ,  the catalyst, used for miikiiig 
benzene must be very active in catalyzing t,his react,ion. Ilehy- 
droisomerization involves an isomr,riaation action of thrx oat:tlj-st. 
This must be done without appreciable hydrocracking, or I)oiinclne 
will be lost through the formation of hexanes and par;tffitis of 
lower molecular weight. The prolilem is again one of selectivity 
or balancing the various reactions that tJhe catalyst promotw. 

This paper presents the results of an experimental 1irogr:im 
carried out to investigate the condit.iorie under which the higliwt 
conversions of methyle~clopeiitanc~ and cyclohexane to  berizerie 
are obtained using the Atlantic C:it,forming catalyst. The w\-orlc 
consists of two parts: a n  investigation of the effect of olier:tt,ing 
variables on the mtrtions of :1 given mixture of h>-clroc:irlmns, 
and a study of the effect of thc. (~i)nipoaition of the mist,urc., \\.heti 
these optimum opcr:itiiig ~~ar i : i l i l c~  : i i ~  usrci. 

STUDY O F  OPERATISG VARIABLES 

For this inve,stig:ttion, :i 4yiithetic lilrnd consistiiig oi 40G& 
hexane, 30Y0 ~nr~thylcycl;)~ic~i~:ii ie,  and :3070 c~ycloh(~r:tne wrrs 
used. This was chosen bcoiusc~ it is 
eimilar to  a typical Ch naphtha rut, 
but  is more easily analyzed by n ~ r s  
spectrometry. Thrce v:tii:tl)les-ljt,c~s- 
sure, liquid space vclocitq, and ttm- 
perature-were studied. At earh con- 
dition of prwsure and space velocitj-, 
a 150" F. range of tenipernture was 
covered in 50" intervals. Thc. rcsults 
arc presented in Table I. 

The high pressure, dynamic, bmch 
scale unit used in this work and the 
procedure used in its operation have 
been described (1) .  Pure cyclohesaiir, 
methylcyclopentane, and hexane oh- 
tained from the Phillips Petroleum 
Corp. were used as received. 

PRESSURE. Two pressures were in- 
vestigated, 175 :md 500 pounds per 
square inch gage. These were chosen 
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because a t  higher pressures the t wnevne- ohexane equilibrium 
is unfavorable for the production of  hena except a t  very high 
temperatures, and at pressures 1)elow I75 pounds per square inrh 
gage deactivation as a result of cuke laic1 down on the cata1yr;t 
becomes a problem. 

Pressure affects both the cl~hydi.ogenation of cyclohexane at it1 

tlie c~eliydroisomerization of nir,thylcyclopentane. I ts  effect on 
clrhydrogenation is show1 in Figure 1 ,A ,  B,  and C. I n  thcrc 
plots, only the reaction be twen  benzene and cyclohexane is coii- 
sidered. The percentage of benzene in the product is corn- 
puted and coinpared t o  the equilibiium values, shown by thr liiit's 
calculnted from t,hermodynamic d:Lta (a), with corrections for 
iionideality. Because of t,he complexity of the teniperaiuw (lis- 
tribution in the catalyst bed, it is difficult to check the attainnic.iit 
of equilibrium accuratkly. Tlic csp~~iinientallj~ found 1)crrzcme 
conceiitr:i tiona, therefor(,, :w plot L c ~ l  against three differwit ttxin- 
perat 111 

That. ol)tained by averagiiig tlif readings taken a t  small intc,r- 
vak through the bed, using :i thernioc~ouple located in a n-ell 
through the center of thc  becl. 

The catalyst bed outlet temperaturc, also measured in this \yell. 
T h e  elttnlyst furnace temperature. 

Iii the first two case6 the o l w ( ~ r ~ r d  c-oiicentrations of liciizr~ic: 

:ire equal to or higher t!hm tho c~cliiilil)r%.mi values, which in to I x  
expected, as  these temperiit8urvs :LIT rqu:tl to  or lower than thr  
furnace tcrnperature. In thc plot :ig;iirist furnace temperal,iiw, 
agrcemerit xit,hin esperiiiic~iit:il crroi. is obtained rscvpt for 
t\yo points at the lokvrr trmpc~raturc~s a t  175 pounds per squarc 
inch prrwure and a space velocit8y of 6.0 volumes of P c t d  pc.r 
volunic~ of cat,alyst per hour. Lven here, however, the espci~i- 
mental value corresponds to  a i i  cquilihiium value a t  a tenipor:ituix~ 
that, lics hetwrr l  t8hr obser~-t.tl out let :iiid i'urnace teinperaturw. 
These data, thcn, indicate that rintier the conditions invt~stigatod 
thr  tlch?-drognnation reac8iion g'ws r:Lpidly to approsim 
cqiiilil)riiini, :is reported fur ot hv i .  i)l:ctiiiuni catalysts (6). F'or 
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this reason, further detailed consideration is given here onlj. to 
the dehydroisomeriaation reaction. 

The effect of pressure on the selectivity of the naphthene con- 
version can be seen also in Table I by examining the selectivity 
factor of naphthene conversion. Here a selcctivity of 1.0 indi- 
cates that all the naphthenes reacting form the desired benzene; 
a lower value indicates hydrocracking of rings to paraffins. The 
term "hydrocrackiiig" here is used to describe the reaction in 
which any carbon-t -carbon bond is replaced by two carbon- 
to-hydrogen bonds, whether or not there is a resulting relucti:,n 
in molecular weight. The conversion of naphthenes is considered 
as a class and not as individual components-Le., the intercon- 
version of cyclohexane and methylcyclopentane is not included. 
Selectivity then is only a measure of the reaction of a y naph- 
thrne to form benzene, as compared to hydrocracking. 

1111 the data obtained at the lower pressure over the w ' g e  or 
*pace vclocities studied fall within 10% of a value of 1.0. At 
the higher pressure, in the case of a space velocity of 3.0 volumes/ 
volume/hour, the benzene yield is decreased by hydrocracking, 
while a t  a space velocity of 6.0 volumes/volume/hour, the selec- 
t,ivity is again good. Lower pressure is then more favorable for 
high conversions to benzene with little loss. 

Dehydrocycliaation of hexane to form benzene does not occur 
to an appreciable extent under the conditions of this investiga- 
tion, and is not a factor here. I t  would be an important con- 
sideration in the case of heptane and paraffins of higher molecular 
weight. 

Liquid hourly space velocities of 
3.0 and 6.0 a t  500 pounds per square inch gage and 1.5, 3.0, 
and 6.0 volumes of feed per volume of catalyst per hour a t  l i s  
pounds per square inch gage were investigated. 

The effect of space velocity on the selectivity of the total naph- 
thene conversion is shown by the data in Table I. At the higher 
pressure, where the selectivity a t  a space velocity of 3.0 volumes/ 
volume/hour is poor, the higher space velocity gives better se- 
lectivity. In  fact, a t  a furnace temperature of 950" F. only 72% 
of the naphthene conversion a t  the lower space velocity is to 
benzene; the remainder is hydrocracked to paraffins. The total 
benzene produced a t  the two rates is the same, 56%. At 1'75 
pounds per square inch the selectivity is good over the whole 
range studied, 1.5 to 6.0 volumes/volume/hour. 

The effect of space velocity on the combined dehydrogenation 
and dehydroisomerization can be shown by again comparing the 
experimental results with equilibrium data. To do this, the per- 
centage of the total Cs cyclics in the product which was in the form 
of benzene was computed. In  Figure 2,A,  B, and C, these values 
for the three space velocities at the lower pressure and a t  space 
velocities of 3.0 and 6.0 volumes/volume/hour a t  500 pounds per 
square inch gage are compared to the equilibrium values calcu- 
lated from thermodynamic data. Again they are plotte.1 against 
average central catalyst bed temperature, outlet central tempera- 
ture, and furnace temperature. 

It is obvious from Figure 2,A,  that  the average catalyst bed 
temperature is the poorest method of d e h i n g  the reaction tem- 
perature, as all the data lie well above the equilibrium line 
The data obtained using a pressure of 500 pounds per square inrh 
gage a t  a space velocity of 3.0 volumes/volume/hour fall close to 
the equilibrium line in the higher temperature range when the 
reaction temperatures are defined as either outlet tem1;erature 
(Figure 2 ,B)  or furnace temperature (Figure 2,C).  The outlet 
and furnace temperat'ures for these runs, as shown in Table I ,  
&re similar. In  the lower temperature range of Figure 2,B and 
C, somewhat higher concentrations of benzene in the product 
were found than expected at equilibrium. When one considers 
that the cyclohexane in the feed can either dehydrogenate to 
benzene or isomerize to methylcyclopentane, the formation of 
more benzene than expected in the over-all equilibrium must be 
due to a difference in the rates of the two reactions, the dehydro- 
genation but not the isomerization equilibrium being attained. 

LIQCID SPACE VELOCITY. 
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A B c It, becomes readily apparent in con- 
sidering Figures 1 and 2 that  it, is 
difficult to define the reaction tem- 
perature of a h i g h l y  e n d o t h e r m i c  
catalytic reaction. No single method 
of indicating the temperature will fit 
all the conditions used. If only one 
method must be chosen, the authors 
feel that  outlet temperature is the heFt. 
representation of the true value. 

Although in t,he runs made a t  a 
* s v =  I 5  pressure of 500 pounds per square 

inch, t,he spare velocity data at 3.0 
vo lume  / v o l u m e  / h o u r  follow the 

700 800 900 1000 700 800 900 1000 700 800 900 I O 0 0  equilibrium line, appreciable losses of 
AVERAGE OUT L E T  FURNACE cyclics to paraffins because of poor 

selectivity make these conditions less 
desirable. At 175 pounds per square 
inch, very nearly equilibrium coricen- 
trations of m e t  h y 1 e yc  l o p  e n  t a n e ,  
cyclohexane, and benzene can be est'ab- 
lished under conditions where there 

is a very small loss of naphthenes to undesired by-producte. 
The actual conversions and yields of benzene, as  shown in 
Table I, indicate that at, a space velocity of 1.5 volumee/volume/ 
hour almost 90% of the naphthenes can be converted to bcn- 
Bene vi th  only a 3y0 loss to by-products. 

0 S V - 3 . 0  
A SV= 6 . 0  

TEMP ERA T U R E F. 

Cyclohexane-Benzene 
Figure 2. Dehydroisomerization Equilibrium of 4Iethylcyclopentane- 

40 70 n-Cs-30 70 MCP-30 yo CH 

The same reasoning xi11 explain t,he still higher benzene concen- 
tration obtained at  the tn-o lower temperatures of the runs a t  a 
space velocity of 6.0 volumes/volume/hour. -4 comparison of the 
points for the two higher temperature runs a t  a space velocity of 
6.0 volumes/volume/hour plotted in Figure 2,B and C, indicates 
t,hat the temperature corresponding to that for which the experi- 
mental results are equilibrium values falls between the outlet, 
and furnace t,emperature. 

At the lower pressure, where the contact times for an equiva- 
lent space velocity are short,er, and a t  lower t,emperatures iind 
higher space velocities, there is appreciable isomerization, hut 
not sufficient to establish equilibrium methylcyclopentane d 
At the higher temperat,ures, except, for the runs at, a space velo of naphthenes by hydrocracking. 

tures are considered, the equilibrium appears to be establiphcd, vields of benzene. 
but  this is not true if the furnace temperatures are used. Jhcause " vARIATIoxS I N  M E T I I Y r , C Y C r ~ O P E ~ T A s ~  cOXTExT, L4s thH 
of the large difference between the furnace and central outlet conditions for nlaximum selectivit2. have beerl determined, it 
temperature, benzene concentrations equivalent to the higher of interest, to inveet,igate the eft'ect of variation of methyl- 
temperature would not be expected. The progressivel~ greater cyclopentane under these more suitable conditions. T~ do t,his 

EFFECT OF COMPOSITION OF HYDROCARBON MIXTURE 

Early work on hennene production a t  500 pounds per square 
iIich gage us.ng completely naphthenic materials showed ( ~ i ~ ~ ~ ~  
3) that  the selectivity became much poorer as the concentration 
of methylcyclopentane in the hydrocarbon mixture increased. 

With pure methylcyclopen- 
of 6.0 volumes/volume/hour, if the average Or out'1et tane, these losses to were very large and resulted in low 

difference between the experimental and equilibrium values shown 
in Figure 2,C, as the space velocity increases is, then, a result of 
both an increasingly large difference between outlet and block 
temperatures and less isomerization. 

70 Naphthenes Converted 

Figure 3. Effect of Methylcyclopentane Concentration tion on Selectivity 

N a p h t h e n e s  C o n v e r t e d  
Figure 4. Effect of Methylcyclopentane Concentra- 

on Selectivity 
155 pounds per square inch gage 
LHSV. 1.5 vol./vol./hour 
40 

500 pounds per square inch gage 
LHSV. 2.0 vol./vol./hour (3.0 for 100% MCP) n-Cs60 70 MCP plus CH (except naphtha cut) 
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the 40% hexane-30% methylcyclopentane-30% cyclohexane 
blend was altered to maintain the 40% hexane, but increase the 
methylciclopentane concentration a t  the expense of the cyclo- 
hexane. Runs were then carried out at a pressure of 175 pounds 
per square inch and a space velocity of 1.5 volumes/volume/hour. 
The effect of this increasing concentration of methylcyclopentane 
on the naphthene conversion selectivity is shown in Figure 4. 
The trend shown previously is observable in these data, but to a 
considerably smaller extent. The selectivity of the conversion 
falls off as the concentration of the methylcyclopentane increases. 
But  even a t  a 4 t o  1 ratio of methylcyclopentane to cyclohexane in 
the 60% naphthenes presrnt, good selectivity is obtained, 
since a t  89% naphthene conversion, 77% benzene is produced. 
Under these conditions, high conversions can be obtained with 
charge stocks high in methylcyclopentane with relatively little 
loss thiough hydrocracking. 

Data obtained on a Cg naphtha fraction are also included in 
this graph. Analysis of this particular cut shoned i t  to contain 
57% methylcyclopentane, 30% cyclohexane, 3% benzene, and 
10% hexanes and heptanes. These points fall in line with 
the rest of the data, the selectivity being inversely related to the 
methylcyclopentane content. Here an 83% conversion results 
in 72% benzene. 

As the data indicate that the presence of small amounts of 
cyclohexane reduces the hydrocracking of methylcyclopentane, 
it was of interest to investigate whether this was a result of the 
presence of benzene formed rapidly from the cyclohexane, since 
benzene has been shown t o  be a cracking inhibitor in some cases 
(6, 7 ) ,  or a heat effect wherein the endothermic dehydrogenation 
reaction offsets the exothermic hydrocracking reaction. Either 
would explain the observed improved selectivity as the cyclohex- 
ane content is increased, since the cyclohexane would rapidly 
dehydrogenate t o  supply benzene a8 an inhibitor and in so doing 
would lower the catalyst temperature. To distinguish between 
thp two effects, a hydrocarbon mixture of 40% hexane, 30% 
methylcyclopentane, 3% cyclohexane, and 27% benzene was used, 
the latter two being appioximately in equilibrium concentrations 
for the conditions used. In  this way, the occurrence of the endo- 
thermic dehydrogenation reaction was kept to a minimum 
and there was still benzene present to reduce the hydro- 
cracking of methylcyclopentane, if i t  were effective in doing so. 
Table I1 shows that good selectivity was obtained a t  high naph- 
thene conversions, which seems to confirm the role of benzene as 
an inhibitor. 

PARAFFIN REACTIONS. The production of benzene is, of 
course, the aim of the investigation, and 40% hexane was added 
to the blend only to make it representative of a CS naphtha frac- 

0' i 2 3 4 5 6 + 
Liquid Space Velocity - Vol/Vol/Hr. 

Figure 6. Effect of Space Velocity on Hexane 
Conversion 

175 pounds per aquare inch gage 

tion. Because, however, complete analyses of the products were 
obtained, the reactions which the paraffins were undergoing at 
the same time as the naphthene reactions were also evaluated. 

Figure 5 shows the effect of pressure on the conversion of hex- 
ane to branched isomers. It is evident that, as pointed out  for 
nickel on silica-alumina catalysts ( I ) ,  a t  a constant space velocity 
the conversion is a function only of temperature and not of pres- 
sure. Previously it was shown that if the total pressure were 
increased and the contact time maintained constant, the hexane 
conversion decreaped. Since here the space velocity is maintained 
constant, the increased contact time balances the effect of total 
pressure, and the conversion remains constant. Other explana- 
tions, such as  competition of other molecules for adsorption on 

a c t i v e  sites a t  
the higher pres- 

' 0 ° 7  sure, are ruled 
out because pure 
h e x a n e  g ives  
similar r e s u l t s  
(1). The data 
obtained a t  the 
1 o we r pressure 

C shows very good 
8 I s e l e c t i v i t y ,  as 

c 80- 
P 

E 60 
5 
0 

40 

was the case for 

500 pounds per 
Average Temperature - O F  s q u a r e  i n c h  

Figure 7. Effect of Methylcyclo- gagc', however, 
pentane Concentration on Hexane higher yields of 

Conversion isomers were ob- 
t a i n e d  t h a n  
c o u l d  b e  ex-  
pected from the 

hexane converted. i is  under these conditions the selectivity of 
the naphthene conversion x a s  only 0.46 to 0.77, the additional 
hexane isomers must be a result of the hydrocracking of the 
naphthenes. Because of this it is not possible to  calculate accu- 
ratelv the true selectivity of the hexane conversion for these runs, 

Figure 6 shows the effect of space velocity on hexane conversion 
a t  175 pounds per square inch gage, where the conversions are  
not obscured by the naphthene reactions. Compared to the 
earlier graph showing the effect of space velocity on naphthena 
conversion, hexane isomerization is more sensitive to space 

700 8 00 900 

175 pounds per aquare inch gage 
LHSV. 3.0 vol./vol./hour 
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velocit,y t h a n  is the dehydroisomfriBafioii of inethylr>.c~lo- 
pentane. 

Throughout this study of the effect of methylc~clopctitari~~ 
concentration, the hexane content of the chrirge wa8 kept coi 
a t  lo’%. Severt,helese, there is mi obwrved difference in it 
version level in each series of runs made a t  a different niothylcyclo- 
pentane concentrut,ion, as shomn in Figure 7 .  
mc:tli!lc!-clopentaiie appears t,o lower the hexane conversion. 
This cannot be explained either bj- more hydrocmckiiig, sinw t h e  
runs where there \Vas t,he most, hydrocrticking showed the. lowest 
hexane conversions, or by difference in t , e m p e r a t ~ r  profil~s, 
since the inethylcyclopeiitane riiiiP hiid the highcst ttmpcr:i- 
turc throughout, the bed rr i id ,still slio\red thr loxest coiiversi(iiis. 
The only esplatutiou appe:ws t o  he :i oompetitioii for thr  cat.:ilytic 
Burface bet,ween the iiicthyIc~-clol~eiitatn~~ nrid thc hesanc, r\.ilh thc 

An iiicrc 

former, htiviny thv hett,er of tlit, nompctition. A inow tlrt:iild 
casplanatioii is not p o d i l e ,  hu t  it i.: c:lo:ir that the hexane rc:ic- 
t,ioiis arc> influenced 1)y the ii:ituw of the cyclic coiupoi~cwts 
1ii.cwiii. 

(1) Ciapctta. 1’. G. ,  an 

( 2 )  Ciapetta, F. G., Pitts, P. AI . ,  and I m i t n ,  I,. N., “lieaction5 of 
Hydrocarbons in the Presence of Xetal -.icidic Oxide Cara- 

iistry, Sytnposiuin on 
, 122nd 3Iesting, &\M, 

(3)  l“orziati, A. F., Willinghain, C. B., 3Iair, 13. J., and Rob-iili.  

(4) ~ . ’ o T ~ P ,  11. J . ,  Bent, It. D., Ciapeita. 1,‘. G., Pitts, 1’. -\I., :t11(1 

( 5 )  Haeiiwl. \-., Oil Gas J . ,  48, S o .  47, 82-5, 114-19 (1950). 
(6) Ileiiiernann, H., AIills, G. A , ,  Hattillail 13,, slid Kirsch, I‘. \V., 

( 7 )  llavity, T. AI., Pines, I%., TYackher, I < .  C . ,  and Hrnoks, . I .  .\., 

ini. I?, D., and associates, “Selected \-&lues of Propertiei o f  
~drocarbons,” Washinrton, I). C., C:oveInnieiit Printing 

(1953). 

Atlantic City, N. J.,  1 

F. D., .J. Research iYatZ. I3ur. Standaxin ,  32, 11 (1944). 

Leum, L. N., “Advances iu C,herii. Sey.,” KO. 5, 7 6  (1951). 

ISD. H X G .  CHKvI., 45, 130 (1953). 

‘d.. 40, 2374--9 (1948). 

C k c e ,  1947. 

RECEJYED for review August, 18, 193. ACCEPTB:D Aiigiisr 2,5, 1984. 
Presented hrfore the llil-ision of 1’etrolc;iiii Chemistry, Rytnposirinl on 
Petroclieniicals in the Postwar ’ii.wrs, at the  121th 3Ieeting of the :I\IERICAS 
Cm;mc.ua SOCIETY, Chicago, Ill., 1 ! ~ 2 3 ,  

Thermoplastic Water-Soluble 
Synthetic Gum 

GEORGE IC. GRER IINGER, RICHARD n’. SWHTEH-4KT, 
ANI) ALRI.:KT T. MAASBERG 

Cellit lohe I’roclucts Z>epnrtment: The Dow Chemical Co., -lIidlurid, .\lich. 

olublc 1i:rtural gunis li:ix-c> served r n a i i  lor cen- T turies as thickeners and i)indcrs for a \vide range of  incius- 
trial and pharmaceutical products. *is our industrial cc~)noiny 
expanded, a need Cor ~iini l i~r  n-:\ter-soluble products of improved 
properties arose. Thus thr, syiith(>tic cellulose ethers (*:inie into 
being in an atteiiipt t o  increase the l inon- l~dgc~ ol the strurture 
of carbohydrate polymers m d  to hroaden the fields of :ipl)lic:i- 
tion for carbohydrate gums. 

Suida (28 )  in 1905 proposed the etherification of cellulose and 
reacted dimethyl sulfate with an alkali-mrollen cellulosc, but he 
did not obtain the cellulose ether as an entity. 1,ilicnfeld 
(20) in 1912 and later in 1028 (21 )  outlined the field of cellulo*e 
ether technology. He described organo-soluble ethers, cthc,rs 
soluble in cold but not in hot water, niiscd ethers, and ethers 
of varying degrees of substitution (D.S.). Leuchs ( I n )  and 
Dreyfus ( 1 2 )  in 1912 also claiiiicd orgnno-soluble cellulose ethers. 
Worden ( 2 3 )  describcd t,lie resulting patent race. 

Denham and Wootihouse (5, 6) prepared methylcellulose 34 itn 
aid to  establishing the structure of cel1,ulose. Halyorth (15)  
prepared inethylcellulose by simultaneous hydrolysis and inpth- 
ylation of cellulose acetate. Jansen ( 1  7 )  described carbosy- 
inethylcellulose in 1021. This derivative \vas nlanufacturcd in 
Germany prior bo 1921 (4). HS.drosyethylcellulose was nicn- 
tioned by Hubert ( 1  6) in 1920. Beiizylcelluloee, which is nianu- 
factured in Europe but not in the United States, was dewrihcd 
by Gomberg and Buehler ( 1  4). Several mirrd t,thera, h:dros>-- 

pro~~y1iuc:tliylcellulosc ( 1 1 )  a i  id car!~oxyniet l iylh~tIr~~syet l i~l-  
cellulose (18) have also been dpserihed. 

Tlon-ever, since these u-ater-solul)le natural and synthet,ic 
guiiis lack a melting point, and since the difficulty of finding :i 

suitiilJle plaetici~er-soltent for these matjerials has bccn (:on- 
sidc~nil)le, the use ol either of tlie above classes of gums in {lie 
field of tliernioplastic fabric:ttion has been negligible. 

A new t,ype of niodifipd nict.liylcellulose has recently bo(~11 
syiitliecized which overcornes the harriers described and a.gitiii 
opens the door t,o an entirely 11(’11- h l d  of use for synthetic watc:r- 
doluble gums. This cri1lulo;it~ dwivative combines the water- 
soluble propertics of the hytlrophylic gunis with solubility i i r  
certain hot and cold orgniiic solveiits. By use ol the proper 
techniques it is possible to extrude, injection mold, compression 
inold, and hot cast a water-soluble cellulose derivat,ire using 
standard plastic fabricating equipment. 

EFFECT OF MODIFICATIOS OF THE SUBSTITUTION ON 
THE ANHYDROGLIJCOSE RING 

The steps i n  the development, of this product, which has been 
given the designation of Alethochel 2602, afford an  interesting 
study oC the effects which the type and amount of substitution 
on the tiithydroglucose ring of c.r:llulose CRII have on the properties 
of cellulwe ethers. 

The synthetic gum methylcellulose is produced by reacting 
:tllcali-c~ellulose with methyl chloritle. By a suitable choice of 


