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is reported by Biltz and BaIz4 who measured the 
dissociation pressure of various ammonia salts 
and found that these pressures alternated as the 
series was ascended. An alternation in the yield 
of Grignard reagents with alkyl iodide chain 
length has been reported by Gilman and Mc-
Cracken.6 

In general, metal cutting is accompanied by a 
high surface temperature, high pressure between 
the moving surfaces and the production of a con
siderable area of clean, highly reactive surface. 
Fluid film formation, common to ordinary types 
of lubrication, plays no part in metal cutting. 
The mechanism of cutting fluid action is obvi
ously a problem in the extreme boundary region 
of lubrication. While much evidence has ac
cumulated to uphold the role of adsorbed surface 
films in reducing the frictional resistance of 
sliding surfaces under relatively mild boundary 
lubrication conditions,6-7'8 another mechanism 
is believed to obtain in the extreme boundary 

(4) W. BilU and G. BaIz, Z. anorg. atlgem. CUm., 170, 342 (1928). 
(5) H. Gilman and R. McCracken, THIS JOURNAL, IB, 2462 (1923). 
(6) Sir W. B. Hardy, "Collected Works," Camb. Univ. Press, 

1936. 
(7) L. T. Andrews, Trans. Faraday Soc, 33, 607 (1936). 
(8) N. K. Adam, "General Discussion on Lubrication and Lubri

cants," Institution of Mech. Engrs. (Amer. Ed.), 1937, Vol. 2, p. 197. 

Some of the more recent publications1-8 on the 
aromatization of aliphatic hydrocarbons have 
contained discussions relative to the formation of 
olefins and their role in the mechanism of the 
cyclization reaction. In most instances with 
chromia-containing catalyst where the corre
sponding olefin yields have been reported, the 
olefin-aromatic ratio in the reaction products de
creases with increased contact time. With the 
exception of comparatively short contact times, 
the ratio is usually less than 1. For example, the 
data of Pitkethly and Steiner,3 obtained at 475°, 
show olefin-aromatic ratios greater than 1 only 
at contact times of less than about nine seconds. 

(1) Goldwasser and Taylor, THIS JOURNAL, 61, 1766 (1939). 
(2) Hoog, Verheus and Zuiderweg, Trans. Faraday Soc, 35, 993 

(1939). 
(3) Pitkethly and Steiner, {bid., 35, 979 (1939). 
(4) Kazansky, Sergienko and Zelinsky, Compt. rend., acad. sci. 

U. R. S. S., 37, 664 (1940); Universal Oil Products Co., Survey of 
Foreign Petroleum Lit. No. 291, Feb. 7, 1941. 

(5) Oblad, Marschner and Heard, THIS JOURNAL, 63, 2066 (1940). 
(6) Turkevich, Fehrer and Taylor, ibid., 63, 1129 (1941). 
(7) Fehrer and Taylor, ibid., 63, 1385 (1941). 
(8) Sergienko, Insl. of Org. Chem., Acad. Sci. U. R. S. S., 177-190 

(1941); Universal Oil Products Co., Survey of Foreign Petroleum Lit. 
No. 370, Jan. 22, 1943. 

region of lubrication.9 In the extreme boundary 
region, an effective fluid is believed to enter into 
a surface chemical reaction with the metal being 
cut to produce a low shear strength metal salt. 
The frictional resistance is considerably lowered if 
metal-to-metal contact is reduced by the formation 
of such a metallic compound between the sliding 
surfaces. Thus, it is believed that the alternating 
properties here displayed by the alcohol-aluminum 
combination is a chemical phenomenon. 

Acknowledgment.—The writer wishes to ack
nowledge the cooperation of the staff members of 
the Applied Science Research Laboratory of the 
University of Cincinnati and of the Research 
Laboratory of the Cincinnati Milling Machine 
Company. 

Summary 
An alternation in the cutting force required to 

remove a chip from an aluminum block at very 
low cutting speed is noted when successive normal, 
primary, monohydric alcohols are used as cutting 
fluids. Alcohols having an odd number of carbon 
atoms require lower cutting forces than the com
pounds having an even number of carbon atoms. 

(9) M. C. Shaw, Metal Progress, 43, 85 (1942). 

CLEVELAND, OHIO RECEIVED JULY 12, 1944 

In connection with work reported previously,9 

and to some extent as observed in the published 
work of others,8-10 variations in certain conditions 
under which the aromatization reaction may be 
carried out were observed to influence the pro
portion of olefins in the recovered products. 
Taylor and Turkevich11 observed that water 
vapor, which is strongly absorbed by chromium 
oxide gel, is a marked poison for the aromatization 
reaction. Salley, Fehrer and Taylor,12 in study
ing the addition of water vapor in 0-3 mole per 
cent., state that the retardation effects involve 
a decrease of toluene, but not of olefins. The 
highest olefin-aromatic ratio calculated from the 
data reported by these investigators, however, is 
0.43. 

The present paper constitutes a summary of a 
more extensive investigation of some of the effects 
of temperature, contact time or space velocity, 
and water vapor at atmospheric pressure. The 

(9) Grosse, Morrell and Mattox, Ind. Eng. Chem., 32, 528 (1940); 
reprinted in Universal Oil Products Co. Booklet No. 241. 

(10) Taylor and Fehrer, THIS JOURNAL, 63, 1387 (1941). 
(11) Taylor and Turkevich, Trans. Faraday Soc, 35, 921 (1939). 
(12) Salley, Fehrer and Taylor, THIS JOURNAL, (3, 1131 (1941). 
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Effects of Temperature, Contact Time, and Water Vapor on the Ole fin-Aromatic 
Ratio in the Dehydrogenation of ^-Heptane with Chromia-Alumina 

BY WILLIAM T. MATTOX 
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TABLE I 

DEHYDROGENATION OP «-HEPTANE WITH 8% Cr20r-92% Al2O8 

Atmospheric pressure, no added water. 

Space 
velocity 

0.63 
3.60 
7.25 

20.00 

0.78 
5.00 

39.80 
80.00 

1.30 
39.60 
80.00 

160.00 

Contact 
time, 

seconds 

5.3 
1.4 
0.70 
0.272 

3.2 
0.73 
0.12 
0.066 

1.93 
0.11 
0.056 
0.030 

Reaction 
period, 
hours 

1 
1 
1 
1 

1 
1 

Vt 
1A 

l 
1A 
1A 
1A 

Vol. of 
cata

lyst, CC. 

72 
72 
20 
20 

78 
20 
10 
5 

78 
10 
5 
2 .5 

Grams 
CTHI. 

charged 

31.0 
177.2 
99.2 

273.5 

41.6 
68.4 

136.1 
136.8 

69.3 
135.4 
136.8 
136.8 

Toluene 

500° 
27.6 
11.9 
6.4 
1.7 

550° 
53.7 
16.5 
2 .2 
1.0 

600° 
52.3 
6.5 
3.2 
1.2 

Heptene 

13.6 
11.3 
11.6 
6.4 

10.9 
13.0 
7.2 
5.2 

5.4 
8.3 
7.4 
5.4 

-Yield, wt. 
Paraf
fins" 

51.2 
75.4 
80.8 
90.9 

15.9 
59.8 
85.6 
92.2 

9.7 
65.0 
80.1 
89.2 

% of charge-

Gas 

6.9 
1.7 
2 .0 
0.9 

16.5 
11.4 
4.4 
1.5 

22.6 
17.0 
8.4 
3.9 

Car
bon 

1.5 
0.2 

.1 

.03 

3.2 
0.7 

.08 

.06 

3.6 
0.4 

.2 

.07 

Unac
counted 

+0 .8 
+0 .5 
+0.9 
- 0 . 1 

+0 .2 
+ 1.4 
- 0 . 5 
-0 .04 

- 6 . 4 
- 2 . 8 
- 0 . 7 
- 0 . 2 

" Unreacted W-CTHI6 except for small amounts of lower boiling hydrocarbons formed at low space velocities. 

effects of pressure constitute a separate investi
gation. 

Experimental 
Apparatus and Procedure.—The apparatus and proce

dure used in this investigation were essentially the same 
as those described previously for the aromatization of n-
heptane.9 • For tests in which water was added to the 
reactants by dehydrating ethyl alcohol, 35 cc. of grade A 
activated alumina was supported in the 400 to 425° sec
tion of the preheater by means of quartz chips. A second 
layer of quartz chips above the alumina served to preheat 
the heptane-alcohol charge to the desired temperature. 
This arrangement, when the chromia-alumina catalyst 
was replaced by quartz chips, produced no changes in the 
heptane at the temperatures and space velocities employed 
in the dehydrogenations. 

For the direct introduction of water into the hydrocar
bon charge, a second pump of the type described previ
ously18 was used. In this operation distilled water, 
together with the heptane, was fed into the upper portion 
of the preheating section. 

The Cj hydrocarbon fractions, separated from any minor 
amounts of light or heavier hydrocarbons by distillation, 
were analyzed by means of bromine number and specific 
dispersion determinations,14 in some cases supplemented by 
acid absorption. 

Contact time was calculated by dividing the volume of 
the free space in the catalyst zone by the mean rate of flow 
of gas per second corrected to the temperature of the re
action tube. Space velocity as used refers to volumes of 
liquid feed (20°) per hour per volume of catalyst space 

Materials.—Freshly distilled w-heptane obtained from 
the California Chemical Company was used without fur
ther purification. Because of the low solubility of water in 
heptane, no special drying precautions were undertaken. 

For the introduction of water vapor derived from alcohol, 
absolute ethyl alcohol was mixed with «-heptane in the per
centages calculated to yield the desired proportions of 
water and hydrocarbon when dehydration takes place. 

The catalyst was an 8 wt. per cent, chromium oxide-92 
wt. per cent, alumina composite, prepared from chromium 
trioxide and gamma alumina by the general method de-

d a ) Tropsch and Mattox, Ind. Eng. Chem., 26, 1338 (1934); 
Mattox, U. S. Patent 2,254,539, Sept. 2, 1941. 

(14) Grosse and Wackher, Ind. Eng. Chem., Anal. Ed., 11, 614 
(1939). 

scribed by Grosse, Morrell and Mattox,8 calcined in air 
and reduced for ten to fifteen minutes with hydrogen at 
550° before use. A fresh portion of catalyst was used for 
each test. 

Discussion 

Dehydrogenation tests were conducted at at
mospheric pressure over a range of liquid hourly 
space velocities of 0.63 to 160, contact times of 
5.3 to 0.03 seconds, and at temperatures of 500, 
550 and 600° using re-heptane without added water 
vapor. Tests with added water vapor derived 
from alcohol, in which the water-heptane mole 
ratio was varied from 0:1 to 1:1, were made at 
550° and a hydrocarbon space velocity of ap
proximately 2. The dehydrogenation was also 
carried out in the presence of water introduced, 
in regulated amounts, directly into the heptane 
feed. 

Contact Time.—Data for the dehydrogena
tion of K-heptane at temperatures of 500 to 
600° are shown in Table I and, graphically, in 
Fig. 1 as a correlation of heptene-toluene weight 
ratio and contact time for each of the tempera
tures investigated. The most pronounced effects 
of contact time were obtained at values of less 
than about one second. As the contact time was 
decreased below one and one-half seconds at 
500°, one-half second at 550°, and 0.15 second at 
600° the olefin-aromatic ratio increased rapidly 
from about 1 to a value of about 5. Further in
creases in this ratio, which could probably be 
effected by additional decreases in contact time, 
were not attempted due to the low conversions, 
6-8 wt. per cent, of the heptane charge per pass. 

The olefin production rates, grams of heptene 
per 100 g. of catalyst per hour, increased with 
decrease in contact time and at 600° a value of 
644 g. was reached. The relationship of contact 
time and production rate at each of the tem-
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1.—Effect of contact time on heptene-toluene ratio. 
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Fig. 

peratures investigated is shown in Fig. 2. Ap
parently at long contact times, production rate is 
decreased by increases in temperature. As con
tact time is decreased, production rate flattens 
off, this flattening coming at a longer time and 
lower rate the lower the temperature, so the 
largest possible production rate increases with 
temperature. 

The olefin-aromatic portion 
of the dehydrogenation prod
ucts obtained at 550° and 
80 liquid hourly space ve
locity (0.07 second) contained 
84% heptene. The effects of 
temperature as a function of 
contact time for heptene-
toluene ratios of 1 to 5 are 
shown in Fig. 3. 

Water Vapor.—Dehydro-
genations carried out in the 
presence of 0, 0.25, 0.50 and 
1.0 mole of water vapor (de
rived from alcohol) per mole 
of heptane are summarized 
in Table II. The effects of 
0.25-1.0 mole of water, as 
compared to the test in which 
none was added, are shown 
graphically in Fig. 4 as a 
correlation of heptene-tolu
ene yields and mole ratio of 
water or alcohol added. As 
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the proportion of water was increased, the aromatic 
yield rapidly decreased and the olefin increased so 
that on addition of 0.5 mole or more per mole of 
heptane, the yield of olefin exceeded that of the 
aromatic. With 1 mole of water per mole of 
hydrocarbon charge, the heptene yield was in
creased to 28.9% of the heptane decomposed 
The addition of this quantity of water decreased 
the heptene yield per pass to 6.1% as compared 
to 10.5% without water. 

0.02 0.04 0.080.1 0.2 0.4 0.6 1.0 
Contact time, seconds. 

2 3 4 6 8 

Fig. 2.—Effect of contact time on olefin production rate. 

Temperature.—Increasing the reaction tem
perature at constant contact time resulted in a 
decrease in the olefin-aromatic ratio, the decrease 
being more pronounced at the lower contact times. 
At 0.2 second the 95° increase between 495 and 
590° decreased the ratio from 5:1 to 1:1 whereas 
at 0 1 second an increase of 80° caused the same 
change in ratio. At each temperature investi
gated, however, ratios of 4 to 5 were obtained 
with contact times between 0.02 and 0.2 second. 
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Fig. 3.—Effects of temperature on heptene-toluene ratio. 

The direct addition of 0.38 mole of distilled 
water to each mole of the heptane charge at 550° 
and hydrocarbon space velocity of 2 resulted 
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TABLE II 
DEHYDROGENATION OF W-HEPTANB IN THE PRESENCE OP 

WATER DERIVED PROM ALCOHOL 
Temperature, 550°; pressure, atm.; reaction period, 1 

hour; volume of catalyst, 100 cc. 
Space velocity4 1.98 1.96 2.00 2.02 
«-CTHU charged, g. 135.4 134.0 136,8 138.1 
Mole ratio of added HsO:moles 

Fie 

0.25 0.50 0.75 
Moles of added water per mole of heptane. 
4.—Effects of water vapor on heptene-toluene ratio 

(water derived from alcohol). 

in a 13.5 wt. per cent, yield of heptene and 2 .9% 
of toluene per pass. x4s weight per cent, of the 
heptane decomposed, these yields correspond to 
67% of the olefin and to 14% of the aromatic, in
dicating t ha t water introduced directly may be 
more effective for increasing 
the olefin-aromatic ratio 
than the use of alcohol. 
The ethylene derived from 
the added alcohol may have 
some influence on the reac
tion, although Taylor and 
Fehrer have shown10 tha t 
the simultaneous presence 
of hydrogen suppresses the 
poisoning effects of ethylene 
on chromium oxide catalyst 
in the dehydroaromatiza-
tion of w-heptane. 

Other factors such as 
catalyst composition or 
variations in activity of de-
hydrogenating oxides or 
their composites also affect the ratio of the 
products formed, although these are not included 
as a par t of this investigation. 

Efficiency of Olefin Product ion.—Some effects 
of the variables invest igated on the efficiency of 
heptene production are summarized in Fig. 5 as a 
correlation of heptene yield per pass and per cent, 
heptane decomposed. In the absence of added 
water vapor the heptene yields were a t all con
versions increased by a decrease in temperature. 
At 500° the yields were only slightly higher than 
at 550° but considerably above those obtained 
at 600°. Water vapor introduced by dehydra
tion of ethyl alcohol tended to decrease the 
efficiency of olefin formation although the direct 
addition of water resulted in the highest ult imate 

HzO/mole CjHm 
Yields: Wt. % of charge 

Toluene 
Heptene 
Heptane 
Hcbns. boiling below 85° 
Gas (cor. for added C2H<) 
Carbon 
Unaccounted 

Yields: wt. % of heptane dec. 
Toluene 
Heptene 

Mole % of Hj in gas6 

Mole % of olefins in gas 

" Based on W-C7H16. 
from alcohol. 

yield of heptene which a t 10% conversion 
amounted to 9 0 % as compared to 6 9 % a t 500° 
without water. The corresponding yields a t 2 0 % 
conversion were 67 and 54%. 

Acknowledgment.—Appreciation is expressed 
to Messrs. M. W. Cox and J . E . Kidder for as
sistance in the experimental work. 
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Fig. 5.—Effects of variables on efficiency of heptene production. 

Summary 
Variations in the ratio of olefins to aromatics 

produced in the dehydrogenation of w-heptane 
with chromia-alumina as influenced by tempera
ture, contact t ime or space velocity, and water 
vapor have been described. 

With contact times below about 1.5 second at 
500°, 0.5 second a t 550° and 0.15 second a t 600° 
the dehydrogenation products contained a greater 
proportion of heptene than of toluene. Longer 
contact times, a t the corresponding temperatures, 
resulted in a predominance of the aromatic. 

The effects of temperature were as pronounced 
as those of contact t ime on olefin—aromatic ratio. 
At a given contact t ime, increases in tempera
ture resulted in decreases in the ratio, the rate of 
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decrease being somewhat higher at the lower con
tact times. 

Addition of water vapor, by dehydration of 
ethyl alcohol, in ratios of 0-1 moles per mole of 
heptane, preferentially retarded the formation 
of aromatics so that with 0.5 mole or more per mole 
of heptane the olefin-aromatic ratio was greater 

than 1. Under the more favorable conditions 
found in the direct addition of water, a ratio of 
4.8 was obtained with a total olefin-aromatic 
conversion of 16.4 Wt. per cent, of the charge per 
pass; the toluene-heptene yield amounted to 
82% of the heptane decomposed. 
CHICAGO, ILLINOIS RECEIVED APRIL 24, 1944. 

[CONTRIBUTION FROM THE CHEMICAL LABORATORY OF THE OHIO STATE UNIVERSITY] 

Ring Closure Studies in the D-Glucose Structure 

B Y M. L. WOLFROM, S. W. WAISBROT, D. I. WEISBLAT AND A. THOMPSON1 

In the D-galactose structure, Micheel and co
workers2 have synthesized derivatives contain
ing the 1,6 or heptanoside ring. The best start
ing point for these important syntheses was 
the tetraacetate (I) of the 6-triphenylmethyl 
(trityl) ether of D-galactose diethyl mercaptal,8 

from which D-galactoheptanose pentaacetate (IV) 
was obtained by the step-wise removal of the 
ether and thioacetal groups on the terminal posi
tions of the D-galactose molecule with subsequent 
acetylation. 

HC(SEt)2 

(CHOAc)4 

CH2OC(C,H6)s 
I 

HC(SEt)2 

(CHOAc)4 -
I 

CH2OH 

II 

HC=O 

(CHOAc)4 

HCOAc 

HC(OMe)2 

CH2OH 
III IV 

HC(SEt)2 

(CHOAc)4 

CH2O 

H C O -
I 

- O C H 

H C O -

H C O -

(CH-) 4 ) (OAc)4 

-2C6H6CH 
C H 2 - J OH 

Ha 

I 
CH2OH 

V 
The initial derivatives corresponding to I and 

II in the D-glucose structure have not hitherto 
been available because of crystallization difficul
ties. We have now succeeded in synthesizing the 
6-triphenylmethyl ether of D-glucose diethyl 
mercaptal tetraacetate, from which a crystalline 
D-glucose diethyl mercaptal tetraacetate (m. p . 
117°; spec. rot. - 2 5 ° , CHCl8, D line) was ob
tained on removal of the triphenylmethyl group 

(1) Research Foundation Postdoctoral Fellow of the Graduate 
School. 

(2) F. Micheel and F. Suckfiill, Ann., SOS, 85 (1933); SOT, 138 
(193a); Ber., 66B, 1957 (1933). 

(3) F. Micheel and W. Spnick, BtT., 67B, 1665 (1934); M. L, 
Wolfrom and J. L. Quinn, T H I S JOUKNAL, 57, 713 (.1935). 

with dilute acetic acid according to the procedure 
of Kuhn and co-workers.4 Previously reported 
work6 from this Laboratory conclusively demon
strates that D-glucose diethyl mercaptal trity-
lates in the sixth position. Thus structure I is 
assured for the triphenylmethyl ether of D-glucose 
diethyl mercaptal tetraacetate. The same diethyl 
mercaptal tetraacetate (m. p. 117°; spec. rot. 
—25°, CHCl3, D line) was obtained by mercapta-
lation of D-glucose 2,3,4,6-tetraacetate. If no 
acetyl migration had occurred, the 2,3,4,5-
tetraacetate should have been obtained from I 
and a different 2,3,4,6-tetraacetate from D-glucose 
2,3,4,6-tetraacetate. Since the two products were 
alike, it is apparent that an acetyl migration had 
occurred and the position of the unsubstituted 
hydroxyl group in this D-glucose diethyl mercaptal 
tetraacetate (Ha) is unknown. A similar shift 
is known6 to occur when D-glucopyranose tetra-
benzoate is mercaptalated. Evidence was ob
tained in this case that the isolated reaction 
product, also formed by the mercaptalation of 
D-glucofuranose pentabenzoate, carried the unsub
stituted hydroxyl on carbon two of the D-glucose 
chain.*4 

Demercaptalation of the D-glucose diethyl 
mercaptal tetraacetate with mercuric chloride 
and cadmium carbonate in moist acetone' led to 
the isolation of the ethyl a-thio-D-glucoside tetra
acetate of Schneider and Sepp.8 A furanoside 
structure for the parent, unacetylated substance 
has been favored813'9 but not rigorously proved. 
The substance was accordingly subjected to 
periodate oxidation.10 If a furanoside ring were 
present, the substance would oxidize uniquely to 

(4) R. Kuhn, H. Rudy and F. Weygand, Ber., 69B, 1543 (1936). 
(5) M. L. Wolfrom and C. C. Christman, T H I S JOURNAL, S7, 713 

(1935). 
(6) P. Brigl and R. Schinle, Ber., 65B, 1890 (1932). 
(6a) P. Brigl and R. Schinle, ibid., 6SB, 2884 (1930). 
(7) M. L. Wolfrom, T H I S JOURNAL, 51, 2188 (1929). 
(8) (a) W. Schneider and Johanna Sepp, Ber., 49, 2054 (1916); 

(b) J. W. Green and E. Pacsu, T H I S JOURNAL, 59, 1205 (1937). 
(9) E. Pacsu and E. J. Wilson, Jr., T H I S JOURNAL, 61, 1450, 1930 

(1939); P. Brigl, K. Gronemeir and A. Schulz, Ber., 72B, 1052 
(1939). 

(10) E. L. Jackson and C. S. Hudson, T H I S JOURNAL, 59, 994 
(1937); 63, 958 (1940); R. M. Hann, W. D. Maclay and C. S. Hud
son, ibid., 61,2432 (1939); P. Fleury and Jean Courtois; Comfit, rend., 
SM, 366 (1942); BuU. toe. Mm., [5] 10, 245 (1943). 


