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AUGERING AND CORE-DRILLING FOR GEO­
LOGICAL PURPOSES IN TRINIDAD.*

By E. C. S c o t t ,  M.Inst.Pet.

tS T R O D U C T I O I i .

AuGERDiG and core-drilling are undertaken to supply information which 
cannot be obtained from surface exposures and hand-dug pits.

Hand-dug pits have a general depth limit of from 10 to 12 ft., but in the 
past they have been carried to 15 and 30 ft., in order to get through alluvium 
and below the weathered zone, which is sometimes very deep in clays and 
marly clays.

They have the advantage over augering and drilling that each one gives 
a dip, strike, and a full view of the strata in  situ , but it should be noted 
that, where marker beds exist, dip and strike can be obtained by three-point 
auger work.

Where alluvium or weathered zone is thick, they are of little use and, in 
addition, weathering of the forams often necessitates going deeper than 
ordinary pitting permits, even when the clays and shales look comparatively 
un weathered.

Natural recourse to augering is made when it is required to make examina­
tions below practicable pit depth for foram determinations, position of 
contacts, etc.

Twenty feet is generally easily obtained with an ordinary carpenter’s 
earth auger (50 or even 100 ft. having been obtained), but in the latter 
cases it is necessary to employ a tripod and snatch-block for withdrawing 
the tools. Photos A and B show types of augers commonly employed.

Augering is more particularly applicable to clays, shales, and sandy shale. 
Soft sands are prone to caving, and hard sandstone and lime cannot be 
penetrated with economy.

Special augers have been devised to deal with caving and sticky conditions, 
and have operated with varying degrees of success.

They have included elaborations of the Banka drill, used extensively 
for alluvial metal examinations, and certain percussion-type instruments 
have appeared on the market which, it is maintained, can be used to take 
orientated cores.

All these tools have distinct limitations, principally that most of them 
require more supervision than can ordinarily be devoted to them in practice.

At depths of over 50 ft. it has been found necessary to employ a light 
rotary or percussive drill. Percussive drills have not found much favour, 
and it is possible that, in certain types of country, they offer advantages. 
Their great objection is that they nearly always demand the use of casing 
and are not very flexible in application.

The rotary machine has been used almost exclusively in Trinidad, and 
its use and limitations form the principal part of this paper.

Paper presented at a Meeting of the Trinidad Branch held on 22nd March, 1939. 
O O



R o t a r y  M a c h in e s — T y p e s  U s e d .

The types of rotary machines used fall into four main categories .
(1) C o m p le te ly  h a n d -o p e ra te d .
(2) Hand-rotated with motor-driven pump.
(3) Completely power-driven.
(4) Contra-flush system.

(1) Co m p l e t e l y  H a n d -o p e r a t e d  M a c h in e s .

With these, the Banka drill and auger might almost be included serum 
stricto. The usual machine consists of a rotating head with a chuck for 
gripping the drill-pipe, a feeding device, and a geared assembly for trans­
mitting rotary motion to the drill-rods by means of manual rotation. A 
hand-operated pump is provided for maintaining flush or circulation round 
the drill-head.

These machines were the outcome of shallow mining machines, one of 
which, “ the Wombat,” was used extensively for military mining purposes 
during the War.

It is almost impossible to supply flush at a rate sufficient to lift cuttings 
by means of a hand-pump, and therefore the original machines were equipped 
with an auger-head or core-barrel, in order that excavated material could 
be removed en bbc by withdrawing the tool. The sole function of the 
flush was then to lubricate the bit and wet the material. Since full 
circulation could not be maintained, this meant carrying what was 
essentially a dry hole.

The method will perform quite satisfactorily down to 100 ft., and should 
show advantage over the auger between 30 and 50 ft., especially as it is 
possible to obtain cores with a basket-type bit in well-consolidated material.

(2) H a n d -r o t a t e d  M a c h in e s  w it h  M o t o r -d r iv e n  P u m p .

When continuous flush is required, as it is in unconsolidated ground, a 
power-pump is almost essential, and it has been proved by experiments in 
Trinidad that the rate of drilling is almost entirely controlled by the rate of 
flush down to 300-400 ft. as the following data show7:—
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Footage
drilled.

Time 
required.

Manometer
pressure.

Amount of 
fluid circu­

lated per 
minute.

Remarks.

10 ft. 
(100-110 ft.)

10 ft. 
(110-120 ft.)

10 ft. 
(120-130 ft.)

10 ft. 
(130-140 ft.)

38 min. 

40 min.

(6) Wit 
121 min.

19 min.

(a) W ith Crae 
5 lb. =  70 lb ./ 

sq. inch.

5 lb. =  70 lb ./ 
sq. inch.

h 6 x  4 x 6 in . Tl7< 
10 lb. =  140 lb ./ 

sq. inch.

10 lb. =  140 lb ./ 
sq. inch.

iu s P u m p .
9 gals, per 

minute.

10 gals, per 
minute.

rrthington Stean
15 gals, per 

minute.

15 gals, per 
minute.

W hile drilling bit partly 
got plugged.

B elt kept slipping.

i  P u m p .
Installed high-pressure

hose.



1. Normal 4" post hole auger.
2, 3 and 5. “ Shell ’ ’ pattern auger for soft formation. 
4. Carpenter’s auger (the most commonly used).
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In other words, down to these depths it takes little or no power to rotate 
the tools and to withdraw them.

(3) Co m p l e t e l y  P o w e r -d r iv e n  M a c h in e s .

Originally these were the diamond and shot drills, well known in metal- 
mining practice and, whilst these were perfectly satisfactory for dealing 
with hard and semi-hard rocks, a good deal of modification for soft, and 
particularly for sticky, formations was necessary.

The original diamond drill could use a single-tube core-barrel, i.e. the 
flush passed between the core and the outer single barrel, and also water 
could be used for circulation, the velocity of which could be maintained, 
since only a small-diameter hole was necessary.

In soft formations the hole must be plastered with mud and a double-tube 
core-barrel must be used, since the soft core will not withstand the washing 
action of the circulation, and sticky ones plug the required annulus.

The double-tube core-barrel must of necessity be of larger outside 
diameter than the single type; also it has been found that very small- 
diameter soft cores will not withstand torsional stress, becoming sheared 
and deformed.

The earning of the larger hole required for coring and circulation of 
thick mud introduces another complication—namely, increase in the size 
of drill-pipe.

Rigs were originally equipped with “ A ” class rods, and these have been 
used fairly satisfactorily down to 500-600 ft. However, since the smallest 
hole that will pass a double-tube core-barrel is 3 in., which gives unsatis­
factory cores, it may be accepted as a general principle that “ A ” class rods 
are unsatisfactory.

Machines now being ordered are equipped with “ X ” class rods w hich 
permit a 3J-in. or 4-in. hole to be drilled to depths in excess of 2000 ft.

Photos C and D show two views of a 1000 ft. capacity drilling rig, 
mounted on skids for dragging into locations to which no road exists.

Data concerning these rod sizes are as follows :—

Size. E . A. B .
Old

style
S .

y
blue.

y
yellow
stripe.

y
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graph.

P K .

r y
(24 in.) 
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th ’d.

0.D ., ins.
1.D., ins.
I.D. of coupling, ins. 
Weight per ft., lb. . 
Number of joints packed 

per box 
Gross weight, Ib./ft. 

(boxed):
For domestic sh ipm ent. 
For export shipm ent .

H
2 * 7

10

31
3 .
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m
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3-3

6

3 6  
5 4

1Ï?
IS?
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4*5

6

5-2
5-4
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2
1
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4
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2*
28
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4-9

4

5-9
6-2

28
28
18
4-0

4

5 4
6-0

2Ï
288
1 *
8-7

2

11-3
12 3

2 i 
2 A 
1* 
9
9

11-9
12-9

Here it may be stated that there is often a hope expressed that these light 
rigs can be used for production purposes, and it should be clearlv understood 
that drill-pipe sizes, diameter of hole, and depth are all inter-related, as 
they are in ordinary oil-field d r i l l i n g

Producing even a shallow well demands the setting of casing, and the 
entire equipment of the geological rig is not designed for this." Further­



more setting 4-in. casing demands a 6-in. hole, and flush velocity has to be 
increased to°limits outside the capacity of pumps if this is to be done. 

These rigs will chill large diameter holes, but to smaller depths than their
rated capacity for normal holes.

A warning, to those who attempt these large-diameter holes, is perhaps 
necessary that adequate drill-collar weight should be supplied. Most of 
the machines (as will be described later) have mechanism for exerting a 
downward pressure on the cutting tool. If this is done in large-diameter 
holes, the strain placed on the tool couplings is excessive and in a very 
short time “ twist-offs ” will occur.

(4) CONTRA-FLUSH SYSTEM.

As the name implies, this system utilizes a reversed flush circulation dora 
the casing and up the drill-pipe. The same principle was adopted in the 
well-known Fauck system of percussive drilling.

It has three main advantages, viz. :—
(a) Since a stuffing-box is necessary to seal off between the drill- 

pipe and the casing, it is possible to maintain a pressure on the 
formation.

(b) Increased velocity up the drill-pipe assists in removing cuttings.
(c) Cuttings are removed directly from the bottom, and a good 

record is obtained when the formation is suitable.
The application of the method is, however, limited. A seal on the surface 

casing must be obtained, or flush will break out round it and this is hable to 
occur when no casing seat is available. Furthermore, when porous for­
mations are encountered, fluid will be lost, due to the increased pressure 
which must be applied to them in order to obtain circulation.

A novel three-plunger slush-pump is used, and is driven off the drilling 
engine through a gear-box.

It is claimed that over 2000 ft. can be drilled with a machine of this type, 
weighing 5100 lb.

The system is obviously mainly applicable to dense well-consolidated 
rocks.

D e s c r ip t io n  o f  M a c h in e s .

(1) M ountings.
In designing, the prospecting drill manufacturers have to fulfil exacting 

requirements of portability, and have, to date, concentrated on two main 
mountings :—

(a) Truck or tractor.
(b) Skid.

Whilst the original diamond drill was almost always skid-mounted, as 
i ia to operate on locations over dams, down mines, etc., the modern 
01 r r try e<*U'Va'ent h‘as been preponderantly truck- or tractor-mounted.

is  truck-mounting is eminently satisfactory for open flat country 
"i i mocerate rainfall, it is useless in Trinidad, with its maturely eroded 
peneplanation, forests, and high rainfall.

SCOTT : AUGERING AND CORE-DRILLING FOR
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Tractor-mountings have some advantages, but they have not been em­
ployed as yet, due to :—

(a) The difficulty of getting them over public roads. (This disad­
vantage has now been modified by the invention of the rubber track.)

(b) Costly bridges and fillings would be required in hilly country.
(c) The cost of clearing forest for a tractor and the royalty to be 

paid are both excessive.
(d) The initial cost of the machine is much greater.

Skid-mountings are normally used in Trinidad, and the smaller machines 
are towed to the location by bulls. Some attempts have been made to 
drag machines by their own winch-power, but gear ratios are not at present 
designed for this, and the skid-beds are not given a sufficient upward curve 
to permit of easy riding over uneven ground. Altogether, this subject has 
not been closely studied by manufacturers, probably because the wider 
demands for truck-mounted units, due to seismology requirements as well 
as those of geology, in flat countries heavily covered by alluvium have kept 
them fully employed.

In transporting the present skid-mounted units by means of their own 
power, it has been found essential to make use of a cat-head, and not of the 
clutch and wire line used for rod-hoisting, since, if the latter is used, clutch 
linings burn out very rapidly.

A recent design which equips the pump-engine with a pulling-winch has 
much to recommend it.

(2) D rive.

As has already been stated, the machines are usually of the type which 
permits a downward pressure to be exerted. Thus, a Kelly or drill-stem is 
generally dispensed with, and the drill-pipe is gripped in a chuck, the down 
pressure being supplied either by a ratchet and spur-wheel or by hydraulic 
cylinders. One medium-depth machine uses a Kelly, and the downward 
motion is obtained from tandem wire-lines operated from the hoisting-drum 
and attached at the other end to eyes in the swivel.

The immediate reaction is towards the Kelly type of machine, because of 
its similarity to the normal oil-field rotary and because it provides a spudding 
device, but there is no doubt that the facility of the hydraulic rams has 
much to recommend it, as it provides, besides emphatic down pressure, 
upward lift, which can be used to free jammed piping and to alleviate the 
load which must otherwise be thrown on an admittedly light derrick.

(3) E ngines.

Engine-power for the light rigs is produced from gasoline motors.
\ \  ith cheap fuel available, it has been the principle to sacrifice engine 

size and efficiency for uniformity. Thus, on the 1000-ft. machine, 20-h.p. 
motors have been used on both the pump and draw-works engines, although 
considerably less than 20 h.p. would be satisfactory for the draw-works.

In line with this desire for uniformity is the practice of some manufacturers 
to use standard mass-produced car engines, since a local supply of spare 
parts for these is generally available.

The weight of the power units can be somewhat cut if they are inter­



connected with clutches and chain or Tex-rope drives, and, furthermore, 
this principle permits of a rig being increased in power in order to add to its 
depth capacity, although there is obviously a limit to the practicability of
the scheme.

(4) Cutting-tools.

The normal cutting-tools used in soft formations are the fishtail bit and
soft-formation core-barrel. , .

For hard formations the diamond-set single-tube core-barrel is used 
almost exclusively in Trinidad, but medium-hard formations, such as 
limestone, can be successfully drilled with borum-tipped saw-toothed

U"Diamond bits are a very expensive item, and in other countries are being 
replaced by the rock-bit, Calyx shot, and weld-set diamond-head in medium- 
hard ground.

At present the rock-bit is not made in sizes below 4 in., and in any case it 
does not provide a core in this small size.

Calyx shot are satisfactory only in ground which is continuously hard. 
If there are any appreciable soft layers, the shot are side-tracked into the 
formation and lost.

The weld-set diamond bit is a new innovation ; it is much cheaper than 
the normal hand-set article, since it is more quickly made and smaller 
stones may be used.

It would be surprising if this article did not eventually provide a solution 
for some hard-rock drilling encountered with big oil-field rigs.

gQg SCOTT ; AUGERING AND CORE-DRILLING FOR

M e t h o d s  a n d  S c o p e  o f  W o r k .

Apart from its almost universal application to seismic work, the 
geological rig is being used with increasing frequency to aid surface 
examinations. Not only are normal contacts checked by sections and 
groups of holes, but also the hade and throw of faults are ascertained.

During the last few years, co-operation with Messrs. Schlumberger has 
provided a service whereby coring can be cut out when examining contacts 
of porous with non-porous rocks. In Trinidad this has been particularly 
useful, since faults play a major part in oil accumulation.

Another most important rôle of the geological drill is to check and 
elaborate stratigraphical sequences at type localities. So many tvpe- 
sections in Trinidad are confused by epidiapiric influences, mud-flows, and 
other complex conditions, that this service is of great value.

It has been found economical to operate two or more small machines 
together, information being thereby more rapidly to hand and supervision 
and distribution of labour easier. The method at present adopted is to use 
three crews for two rigs. Thus, all three can be employed on one rig for 
continuous work if conditions demand it.

As a general principle, it is accepted that a number of shallow holes are 
preferable to one or two deep holes for dealing with specific problems.

- s regards scope, these machines are obviously designed to fill the gap 
between normal surface surveys and exploration drilling proper.

I he limit of a light portable outfit is about 1200 ft., although a tendency
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is now manifest to copy the multiple-engined diesel rigs, and so make them 
light rigs capable of additional depth without increasing the weight of 
components.

Some truck- and tractor-mounted units are capable of between 2000 and 
3500 ft., but the latter depth is obviously encroaching on the duties of a 
normal oil-field rig.

The normal sequence of exploration is suggested as being :—
(1) Surface and/or geophysical surveys.
(2) Confirmation drilling with geological outfits.
(3) Testing to depth with normal rigs.
(4) Full testing for production.

T his paper would not be complete without some mention of recent 
developments under (3), known as slim-hole drilling.

There is obviously a gap between the 1000-2000 ft. potential of the 
prospecting drill and the heavy 5000-10,000 ft. rigs used for normal oil 
exploitation, and experiments have produced the small-hole practices now 
reported from the United States of America.

These latter practices call for a rig as heavy as that used for exploitation, 
but it is maintained that very appreciable savings can be made in casing, 
speed, and wear of equipment, but that weight cannot be much reduced is 
due to the fact that pump pressures increase in small holes. Heavily 
powered big pumps are therefore still required, and these largely control 
the weight of the rig.

Most of these slim-hole outfits are capable of from 6000 to 8000 ft. with 
3- to 4-in. drill pipe. The gap therefore still exists, and in all probability 
the companies involved in considerable exploration programmes would be 
well advised to equip themselves with a rig which would operate economically 
with 4|-in. drill-pipe down to 3500 ft., and might be used to 5000 ft. with 
smaller sizes. Much will be possible along these lines when operators 
cease their demands for a pump which will provide big volume but which 
can be converted by the use of liners to provide high pressure and small 
volume.

The technique of slim-hole drilling to considerable depths must obviously 
be dependant on local conditions, but already sufficient experiment has been 
made in Trinidad to warrant the assertion that worth-while savings are 
possible by reducing the diameter of exploration holes where the terrain 
does not demand the setting of an abnormal number of strings of casing.

The author wishes to express his thanks to Mr. Trafford and Mr. Laidlaw 
for information given, and to Trinidad Leaseholds, Ltd., for permission to 
read the paper.

D I S C U S S I O N .

In opening the discussion the author said that since the paper was a rather bare 
recital of facts, he would ask the Chairman’s permission to digress from normal 
procedure and to m itiate an informal debate on two subjects which were connected  
with exploration drilling m  Trinidad, namely,

1 The abnormal pressure gradients encountered in Trinidad oilsands which were 
such that very heavy mud had to  be used in drilling.

In normal oilfield practice it could be assumed that if a certain weight mud 
W r  £ n  pressure in an upper oilsand, it would also be satisfactor? for one
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Tr, Trinidad however, abnormal pressure sands are frequently encountered and
geologists were’ invited to comment and suggest explanations, 
e _ sr. ,  ,    in n n r r e n t  literature to the <

it would be economic t„ —----------------------------------  -
and to forgo any possibility of producing them if 0,1 were encountered.

Discussion on the value locally of such practices was suggested, and in addition 
members were asked to consider whether it would not be possible to design a rig 
to drill a small hole Jo a considerable depth (4000 ft.) using light equipment which would
not call for the building of a heavy duty road

An absorbing discussion took place on the lines suggested by the author, in which 
Messrs. Harris, White, Bushe, Porter, Kugler, Halse, Fletcher, and Suter took part.

It was agreed that the reason for formation-pressure anomalies in Trinidad oil- 
sands was not clearly understood. Compression of com petent members in the cores 
of anticlines and similar phenomena related to epidiapiric folding have probably 
played their parts, as may also wholesale décollement o f blocks of soft strata from the 
continental shelves. It was noted, however, that, oil concentration being undoubtedly 
connected with faulting, it was difficult to reconcile a theory of upward migration with 
many of the observed pressure anomalies.

Other suggestions mentioned as possible solutions were periods of erosion after 
compaction of successive zones and varying polymerization changes of the oil within 
different sands.

Regarding the scope of so-called slim-hole drilling, it  was adm itted that abnormal 
formation pressures and the incidence of caving formations, as common occurrences in 
Trinidad, curtail to some degree the extent to which th is can be practised. Some 
interesting figures, however, were given which indicated a growing tendency to drill 
smaller holes for production purposes as well as for exploration wells.

It was generally agreed that an appreciable saving could be made in the total cost 
of exploration drilling on a large scale by adopting slim-hole methods. I t  was assumed 
that slim-hole would prevent, or at any rate restrict, the possibilities of producing a 
well drilled on these principles, and they could not therefore be deemed to apply to 
outstepping or “ semi-exploration ” wells on producing fields.

The suggestion that it should be possible materially to  reduce the weight of machinery 
necessary to drill small-diameter holes to a given depth was fully discussed, and the 
general consensus of opinion was that a machine had not y et been designed which 
could be transported into the forest and serviced there w ithout the facility of a road.

It was felt that, once a road was admitted as being necessary, the small curtailments 
in machinery weight which were possible would not be justified, as they would sacrifice 
the efficiency.

Thus, it appears that, whilst very appreciable saving in casing, b its, time, fuel, 
etc., may be visualized by the proper employment of slim-hole drilling, at present 
machinery weight and roads must remain essentially as required for a normal rig to 
depths over 6000 ft.

A further discussion developed on the possibility of adapting steam  power to furnish 
more mobile rigs, and it was pointed out that water-tube boilers of increased pressure, 
poppet valve-engines, and single-acting three-throw pumps were all possible solutions 
to the weight problems where adequate fuel and water were available.
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THE MEASUREMENT OF THE FLOW PROPERTIES 
OF BITUMENS.*

B y D. C. Broom e, F.C.S., M.Am.Cbem.Soc., F.Inst.Pet.

I n t r o d u c t i o n .

T he flow properties of bitumens have always been regarded as of con­
siderable importance and, ever since laboratory testing of such substances 
lias been employed, the tests carried out have included various forms of flow 
measurement. Originally, these tests were confined to direct measurement 
of flow by such instruments as the Redwood or Engler viscometers and 
measurement of the “ hardness ” or “ consistency ” by means of the pene­
trometer. The latter test in particular was found to be very useful as a 
factory control test, but with the development of the asphalt and bitumen 
industry other methods were evolved to give a wider and truer picture of the 
flow properties of the materials employed. Thus the following tests, 
amongst others, are now extensively employed for routine purposes in this 
country, in addition to those already mentioned :—

(1) Softening-point tests by Ring and B all1 or by Kramer-Sarnow 
method.2

(2) Twisting-point test.3
(3) Float test.4
(4) Fraass brittle point.5
(5) Ductility.6

All these, however, suffer from certain disadvantages, and in particular 
they are inadequate for providing the information required for a full under­
standing of the properties of the materials employed, in that the majority of 
the tests give no information as to the properties of the materials at the 
tem perature a t which they w ill exist on the road. The principal exceptions to 
this are the penetration and ductility tests, but even here the information 
obtained is very inadequate, as the tests are normally carried out at one 
temperature only. With the majority of bitumens, the ductility test at 
25° C.—as normally specified—gives results of “ plus 100.” The actual 
ductility may be 200, and it may be 500, but with the limited scope of the 
standard machine there is no means of telling. The situation, with all the 
above-mentioned routine tests, is still further complicated by the fact that 
very few bitumens employed in this country are true fluids. This means 
that :—

(a) it is difficult to compare results obtained by one method with 
those obtained by another ;

(6) it is difficult to express the results of any tests in terms of 
absolute units ;

(c) it is generally not possible to extrapolate consistency/temperature 
curves—e.g., to give data for lower temperatures.



In addition, it is important to determine the extent to which a bitumen 
deviates from the laws of true fluids, as if, for example, a road is made with 
a bitumen which is a true fluid, this will tend to displace even under the 
slightest stress. On the other hand, if the bitumen is at all plastic, it offers 
a definite resistance to displacement, and the greater the degree of plasticity 
the greater will be the force necessary to displace the bitumen. In other 
words, the higher the “ degree of plasticity,” the less tendency there will be 
for a road constructed with that bitumen to suffer from deformation. For 
the sake of simplicity at this stage, the term “ plasticity ” is used here to 
express that property which enables a material to be moulded; and the 
term “ degree of plasticity ” to indicate the extent to which a material 
deviates from being a true fluid. As this property will be referred to again 
later in this paper, it may perhaps be wise to bear in mind the more scientific 
definition proposed by Bingham: 7 “ If, in non-turbulent flow, the ratio of 
flow to force is constant, the material is said to be fluid; otherwise it is 
plastic.”

A considerable amount can be done by making fuller use of the routine 
apparatus. For example, all the tests can, and should be carried out over 
the widest possible temperature range. This gives most useful data, 
particularly with the ductility test, as, when ductility/temperature 
curves are plotted, these are usually found to be of the general form 
shown in Fig. 1. For example, test at 25° C. only tends to indicate that 
Sample C is much better than Sample B, whereas if the temperature is 
increased somewhat, the situation is reversed. In fact, Sample B would be 
much better in practice than Sample C. In the same way, tests should be 
carried out over a range of temperature with other apparatus.

It has been suggested by Thelen 8 that the flow properties of bitumens can 
be evaluated in terms of absolute viscosity by obtaining a series of successive 
penetrations without touching either the sample or the needle. This 
method was modified by Rhodes and Volkman 9 and further studied by 
Traxler and Moffatt.10 The viscosity may be calculated according to this 
method in accordance with the equation :—

_ M  X D l X 1-25 X 107 
_ (P/ +  Pi -4 6 ) (P / - P i) 

where V =  viscosity in poises,
Pf =  final penetration in decimillimetres,
P, =  initial penetration in decimillimetres,
A  =  time interval in seconds,
M  — mass in grams of load on the needle.

The average shearing stress at the surface of the needle and the corres­
ponding rate of shear may be evaluated as follows :—

Shearing Stress, F  =  —6243i>f x  1Q6 
8 (P f  +  P i — 46)

Rate of Shear g  -  Ogggg(f t  ~  ■*>«) 
dr D t

This is interesting, but, as shown by Traxler and Moffatt, the most
sen ia y viscous asphalts give rheological diagrams by this method

rĵ Q BKOOME : THE MEASUREMENT OF THE
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indicating negative yield stresses. This shows that the test as now used is 
not on a sound theoretical basis. It is, however, of some help in the study 
of certain problems, such as the age-hardening of bitumens, since a number 
of tests may be performed on a single sample of hard bitumen without 
appreciably disturbing it.

Ty p ic a l  D u c t il it y  (Pu r v e s

to

>-H

3
Cl

T e m p e r a t u r e

F i g . 1.

Modification of R outine Apparatus.

Still more information can be obtained by simple modifications of existing 
routine apparatus One of the best examples of this is the adaptation of the 
original Frankland Taylor twisting-point apparatus 3 as an absolute visco­
meter by the use of a cylindrical specimen with square ends to fit into the 
cups of the standard apparatus. If the temperature is kept constant
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throughout the test, the viscosity may readily be calculated by means of the 
equation:—

m grlt 
V — lOOOn2 /¿4

where V - viscosity in kilopoises,
m =  mass of weight used to apply torque, 
g =  acceleration due to gravity, 
r =  radius of torque drum plus card,
I =  length of sample, 
t =  time per revolution (secs.),

R  =  radius of sample.

With this modification a detailed study of the flow properties of many 
bitumens can be carried out by performing the test at various temperatures, 
and with various loads. Normally, this test is suitable only for materials 
having a viscosity at the test temperature of 1-40 X 103 kilopoises—i.e., of 
approximately 15-75 penetration.

Some typical examples of viscosities obtained with this apparatus are 
shown in Table I :—

T a b l e  I.

Typical Viscosities with Tw isting-Cylinder Viscom eter at 25° C .

Bitumen. Penetration. Viscosity
kilopoises.

Asphaltic Bitumen—Mexican Crude 
Asphaltic Bitumen—Venezuelan Crude 
Asphaltic Bitumen—Panuco Crude 
Refined Trinidad Lake Asphalt . . 50% * \
Asphaltic Bitumen 200 Pen. (Panuco Crude) 50% f 
Refined Trinidad Lake Asphalt . . 85% \
Liquid Flux “ A ” . . . .  15% J
Refined Trinidad Lake Asphalt . . 83 %
Liquid Flux “ B ” . . . 17%

61 5,499
59 1,310
68 3,582
44 17,512

33 14,328

36 7,959

* Proportions by weight.

These figures indicate clearly that, quite apart from the more scientific 
nature of such an absolute viscosity determination, the latter is a much more 
sensitive test than the penetration.

The apparatus in its modified form has two further advantages. Firstly, 
it may be used to determine the “ degree of plasticity,” and secondly for 
elastic recovery measurements. For the former, reference should be made 
to some work by Saal and Koens,12 who found that the viscosity of a bitumen 
may be calculated from the penetration, thus :—

y  =  5-13 X 10«
(penetration) 1-93

This is applicable only to those bitumens which are true fluids, but if the 
penetration and absolute viscosity are determined experimentally, the per-
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centage difference between the observed and calculated viscosity will be a 
measure of the degree of plasticity of the material, thus :—

^  c t > i  4-* o b s - ~  V  c a l c - )  x  1 0 0Degree of Plasticity =  ------------ p 'obs-------------

A few typical figures are given in Table II :—

T a b l e  II.

T y p ical P la stic ity  F ig u res  at 25° G.

Bitumen. Penetration. P lasticity.

Asphaltic Bitumen—S. Mexican Crude 61 33-8%
Asphaltic Bitumen—Panuco Crude 68 58-9%
Asphaltic Bitumen—Venezuelan Crude. 59 8-4%
Asphaltic Bitumen—Texas Crude . 59 12-3%
Trinidad Lake Asphalt 50% 1 44 79-8%200 Pen. Bitumen (Panuco). 50% /
Trinidad Lake Asphalt 50% 1 39 18-8%200 Pen. Bitumen (Venezuelan) . 50% /
Trinidad Lake Asphalt 50% 1 49 81-8%300 Pen. Bitumen (Panuco). 50% /
Trinidad Lake Asphalt 50% 1 65 81-2%500 Pen. Bitumen (Panuco). 50% /
Trinidad Lake Asphalt 85-5% \ 44 72-8%Trinidad Plux . . . . . 14-5% /
Trinidad Lake Asphalt
Trinflux . . . . . .

8 3 % \ 
1 7 % / 43 53-5%

Trinidad Lake Asphalt 80% 1 26 80-5%Texaco Flux . . . . . 20% /
Asphaltic Bitumen (Lobitos Crude) 60% 1 31 67-4%Trinidad Lake Asphalt 40% /

Another useful modification of existing apparatus consists in carrying out 
ductility tests at varying speeds. By this means the very high ductility 
materials may be made to give figures well within the range of the apparatus. 
Similarly, the very hard materials will give more “ reasonable ” results if 
pulled apart very slowly. Convenient speeds are 1, 5 and 25 cms. per 
minute. Some indication of the value of this technique may be gained from 
the figures in Table III :—

T a b l e  III.

T y p ica l D u ctilities  at V arious Sp eed s.

25° C. 35° C. 45° C.
Bitumen. 1 cm. 5 cm. 25 cm. 1 cm. 5 cm. 25 cm. 1 cm. 5 cm. 25 cm.

min. nun. mm. mm. mm. mm. mm. mm. min.

A 0-5 0-5 Nil 15 8 3 82 59 20B 2-5 Nil Nil 115 26 Nil 150 124
C 45-6 26-5 110 150 75 56 140 145 150D 5 0 1-5 Nil 28 11-5 5 50-5 38 30

Apart from the modification of existing apparatus, it is necessary to have 
apparatus specially designed for absolute measurement if a complete 
picture of the rheological properties of a wide range of materials is to be



obtained. The more important of these may be classified under the follow­
ing group headings .

(1) Falling-sphere viscometers.
(2) R otating-cylinder viscom eters.
(3) Coaxial-cyiinder viscometers.
(4) Micro and other viscometers.

F a l l i n g - S p h e r e  V i s c o m e t e r s .

The principle of viscosity measurement by determination of the rate of 
fall of a solid sphere through the material under test is probably one of the 
soundest scientific methods, and is based upon the following equation

H =  td \o  -  p )g / 18s(l +  2-4d/D)(l +  5d/3ft)
where vj =  viscosity in poises, 

g =  981 cm./sec.2, 
d =  diameter of sphere in cm., 
a =  density of sphere (gm. per c.c.), 
p  =  density of liquid (gm. per c.c.), 
s =  distance between two marks (cm.), 
t =  time (secs.) for the sphere to fall distance s,

D  =  diameter of viscometer jar (cm.), 
h =  height of column of liquid (cm.).

Unfortunately the majority of bitumens are too opaque to permit of 
visual observation of the fall of a (steel) ball, but the fall may be detected 
electrically or by an X-ray method evolved by Broome and Thomas 13 and 
by Barr and Thorogood,14 respectively.

A useful modification of the falling-sphere method is the inclined 
apparatus of Hoppler.15 For accurate work with the ordinary falling- 
sphere viscometer the diameter of the viscometer jar should be not less than 
ten times the diameter of the falling ball, but the Hoppler modification is 
designed to employ a ball only slightly smaller than the internal diameter of 
the tube in which it falls. The viscosity is calculated in aceordance with the 
equation :—

■g =  F X  (8k — Sf) X K
where F  =  time of fall of the sphere through 5 cm.,

Sk =  density of the sphere,
Sf =  density of the liquid under test,
K  =  a constant determined experimentally for each apparatus.

These falling-sphere viscometers are, however, only suitable for the 
measurement of relatively low viscosities, the practical limit having been 
found to be approximately 1-2 x  104 poises. They can, therefore, only be 

. used for the examination of normal types of asphaltic bitumen at relatively 
ligh temperatures, and the author feels strongly that most attention should 
e paid to the temperatures at which the material will exist in practice on the 

roa , in the building and so on—i.e ., over the normal atmospheric tempera- 
ure range. Attention is therefore directed to the alternative methods.

BROOME : THE MEASUREMENT OF THE
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R O T A T I N G - C Y L I N D E R  V I S C O M E T E R .

[To face p. 514.
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R o t a t i n g - C y l i n d e r  V i s c o m e t e r .

There are two possible methods of carrying out viscosity determinations 
by observation of the relative movement of two cylinders of bitumen, etc., 
in the intervening annular space, namely :—

(a) Measurement of the speed of rotation of an inner cylinder 
actuated by a known force, the outer cylinder being kept stationary.

(b) Measurement of the torque acting on the inner cylinder when the 
outer cylinder is rotated at a constant angular velocity.

Principle (a) was first suggested by Couette,16 and has since been modified 
by others, but, in relation to the present problems, particularly by Mooney 
and Ewart.17 The general form of the apparatus as used by the author is 
shown in Plate I, and, as will be seen, the inner cylinder is rotated by means 
of fa lling weights, the viscosity being subsequently calculated in accordance 
with the equation :—

m gr
71 = 8tz2Iiv U 2 rJ )

where m  =  load in grams,
g =  acceleration due to gravity, 
r =  radius of pulley plus cord (cm.), 
r2 =  radius of inner cylinder (cm.), 
r3 - radius of outer cylinder (cm.),
I =  length of inner cylinder immersed (cm.), 
w  =  velocity of inner cylinder (revs, per sec.).

The mean shearing stress is given in dynes per sq. cm. by the equation :—

F  =  m gr
(r 2 — r z Y l

It will be noted that in these equations there is no correction for any error 
resulting from “ friction ” between the bottom of the inner cylinder and the 
bitumen. This “ end correction ” has been deleted by the use of mercury 
in the bottom of the container to an amount just sufficient to cover the lower 
end of the inner cylinder. The remaining error by this method is much less 
than the general experimental error, and has been found very satisfactory in 
practice. Slip at the surface of the inner cylinder is prevented by fine 
corrugation of this cylinder. The principal advantage of this apparatus is 
that materials can be sheared for any desired length of time in one direction 
at constant shearing stress. Also the rotating cylinder viscometer permits 
measurements over a wider range of consistency than most other types of 
instruments.

The apparatus in which the outer cylinder is rotated and the torque acting 
through the bitumen to the inner cylinder being the factor actually 
measured, may be typified by that used by J. Csagoly.18 He gives the 
following equation for this method :__

K
n =  —cv



where K  =  the torque acting on the inner cylinder, 
c =  an apparatus constant,
v =  the angular speed of rotation of the outer cylinder.

This is ingenious, and doubtless useful for certain purposes, but for normal 
bitumen work its viscosity range is too low to permit of atmospheric 
temperature measurements.

C o a x i a l  C y l i n d e r  V i s c o m e t e r s .

Although the rotating-cylinder viscometers just described are in fact 
coaxial cylinder instruments, this term is usually used only in reference to 
coaxial cylinder arrangements in which the inner cylinder is moved longi­
tudinally through the outer cylinder without rotation. The use of this 
principle for study of the rheological properties of bitumens was first 
demonstrated by Traxler and Schweyer,19 although originally suggested 
for other materials by Segol20 and Pochettino.21 In the form of apparatus 
recommended by Traxler,22 the bitumen under test is poured into the annular 
space between two cylinders and, after cooling, the whole is supported 
vertically and a load applied to the inner cylinder so as to displace this 
through 1 mm. From the time in seconds necessary to effect this dis­
placement, the viscosity may be calculated. The calculations necessary for 
this have been studied, notably by Tolstoi23 and by van Nieuwenburg.24 
In most cases the conditions are represented by the equation :—

P g  e. R 2
y' =  % m >logs i

where V =  the velocity of the inner cylinder,
P  =  the weight of the inner cylinder,
h =  the length of the inner cylinder in contact with the bitumen, 
g =  acceleration due to gravity,

R 1 =  the radius of the inner cylinder,
P 2 =  the radius of the outer cylinder,

-/) =  viscosity in poises.

Traxler's apparatus in its latest form 25 is so constructed that with a 
given weight the number of seconds required for a 1 mm. movement multi­
plied by 100,000 gives the viscosity. In this way a determination of 
viscosity can be made in this apparatus in less time than is required for a 
penetration test, and it has been found very suitable for a study of age- 
hardening over short periods of time under conditions where no differences 
are shown by the penetrometer.

O t h e r  V i s c o m e t e r s .

Although the scope of this paper precludes a detailed study of all the 
viscometers suitable for the study of the flowr properties of bitumen, the 
following additional methods may be referred to, details being available in 
the original literature

,-jg  BROOME : THE MEASUREMENT OE THE

(1) A modified capillary-tube viscometer for 10-1,000,000 poises.26 
(-) The alternating-stress method suggested by Bingham and
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Stevens27 and developed with particular regard to bitumens by 
Traxler and others.26’ 28,29 This is suitable for 105-108 poises.

(3) A rod viscometer, suitable for about 107-1013 poises.30
(4) Sinker viscometer, used by several workers, notably by Saal.31 

Suitable for Ol-lO5 poises.
(5) Disc viscometer, proposed by Obermayer 32 and developed by 

Manning 33 suitable for 107-1012 poises.

In addition to the above, reference might be made to the following 
instruments, particularly suitable for the examination of bitumen, etc., at 
viscosities of less than about 100 poises.

(1) The torsion viscometer as used by Fuidge,34 and advocated by 
the Standardization of Tar Products Tests Committee.35’ 36

(2) The trough viscometer.
(3) The metro plastimeter, both developed by Evans and Pickard.37
(4) The ball-and-bucket viscometer of Beale and Docksey.38
(5) The British road-tar viscometer.39
(6) The modified Ostwald viscometer proposed by Lee.40

If the quantity of material available for test is very small, the methods of 
Levin41 and of Bondi42 may frequently be employed.

P l a s t i c i t y .

It has already been noted that the majority of bitumens are not true fluids 
at normal atmospheric temperatures, and this deviation has been studied 
particularly by means of the Couette type viscometer. It was originally 
suggested by Bingham 43 that, whereas true fluids give straight-line curves 
passing through the origin if rate of shear is plotted against shearing stress, 
other materials give curves such as B  in Fig. 2, in which for shearing stress 
below a certain value no appreciable shearing motion appears. Bingham’s 
idea is to extrapolate the experimental curve to the stress axis, and to take 
two constants, the intercept and the slope. The intercept was originally 
called “ yield-value ” or “ critical shearing stress,” but is better named 
" shearing strength.” The slope has been called “ pseudo-viscosity ” or 
“ stiffness.” It was at one time erroneously called “ plasticity.” Its 
reciprocal is “ mobility ” or “ liquidity.” Saal30 pointed out that bitumens 
can give curves of an intermediate type such as C  in Fig. 2, where the ratio 
shear/stress increases with rate of shear up to a relatively high stress. This 
does, in fact, seem to represent the behaviour of many asphaltic bitumens, 
although under certain conditions curves of type D  have been obtained ivith 
shear/stress ratios decreasing with rise of shearing stress over the lower part 
of the curve. This phenomenon remains largely unexplained, but it is 
interesting to note that it is particularly apparent in the case of highly 
elastic materials such as rubber-bitumen mixtures.

The identification of the presence of a “ yield value ” or “ shearing 
strength ” is difficult, and apparently depends largely on test conditions, it 
being very doubtful whether any of the asphaltic bitumens normally 
employed in this country have definite yield points. Study at low rates of 
shear (less than 0-01 cm. per sec.) has, however, given some indication of the 

apparent shearing strength,” although the methods of examination are
p  p
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not as accurate as might be desired at rates of shear lower than about 
5 x 10 3 cm. per sec. Some typical curves are shown in Fig. 3, which 
would indicate shearing strengths of the order shown in Table IV

T a b l e  IV.

T y p ical Shearing Strength F ig u res  at 30° C .

Bitumen A . . • • . 0-7 x  103
Bitumen B . . . • • 1'2
Bitumen C . . • • • 5-2

Ty p e s  o f  Flow

F ig . 2.

An interring treatment of results obtained with viscometers such as the 
0 a mg concentric cylinder instrument consists in plotting log rate of shear

i : H H I
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against log shearing stress. This gives approximately straight lines, which 
may be represented by the equation

v  =  IcFp

wheer v =  rate of shear,
1c — a constant,
F  =  shearing stress, 
p  — the slope of the curve.

B e h a v io u r , o f  B i t u m e n s  a t  Lo w  R a t e s  o f  S h e a r

S h e a r in g  S t r e s s ( D y n e s  x io  z)
F i g . 3 .

The value of p may also be regarded as a measure of the plasticitv of th
“ ue Z  i We g«ater being the

id. Some typical values of p  are given in Table V. °
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T a b l e  V.

Value of p .

25° C. 60° C.

65 Pen. Bit umen A 107 103
200 Pen. Bitumen A 1 04 1 0
200 Pen. Bitumen B 
200 Pen. Bitumen C

1-42
1-78

1-21
1-33

It has been found that, as illustrated by the figures in Table V, the value 
of j> generally tends to fall somewhat with rise of temperature, although 
some anomalies have been noted with regard to this, presumably owing to 
thixotropic and work-hardening complications. i\Ioreo\ er, comparison 
with Table II shows that this method is considerably less sensitive a 
measure of plasticity than that referred to in the early part of this paper.

T h ix o t r o p y .

The presence of thixotropy is readily apparent when bitumens are 
examined by the methods already described, the speed of rotation of the 
inner cylinder frequently increasing appreciably as the test proceeds. 
Occasionally, however, a kind of “ inverted thixotropy ” is observed, which 
has been described as “ work hardening ” or a “ winding spring effect.” 
This has been found particularly in the case of materials that are highly 
elastic, such as rubber-bitumen mixtures. This is illustrated in Fig. 4. It 
has been suggested that this is due to the molecular arrangement becoming 
more regular under the strain. This greater regularity is, thermodynamic­
ally, less probable, and the material therefore develops a stress in an 
attempt to revert to a less ordered or thermodynamically more probable 
state.

A g e -H a r d e n in g .

In the examination of thixotropic phenomena it is very necessary to have 
a full knowledge of the thermal history of the sample under test.

Care is always taken in the laboratory to ensure that the temperature 
throughout the sample is adjusted to the test temperature, but this is not 
sufficient when studying rheological problems of bitumens. Even standing 
overnight is sufficient to show this phenomenon, as may be illustrated by the 
curves of Fig. 5. Tests repeated on this same sample frequently show 
evidence of age-hardening and thixotropy (Fig. G).

E l a stic  R e c o v e r y .

Data concerning elastic recovery may be obtained with the concentric 
cylinder viscometer in the same way as with the twisting-sample method—
i.e., by permitting rotation through a convenient angle, and then removing 
the shearing stress and measuring the angular recovery after the material
las come to rest. The figures recorded must only be compared with other 
e asticity data with caution, as they are found to vary according to :—
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(а) The rate of shear prior to release of the load.
(б) The angle through which the sample has been displaced.
(c) The dimensions of the test specimen.
(d ) The temperature of test.

Care must also be taken to ensure that ample time is allowed for the 
sample to come to rest. This takes very much longer than is sometimes

T i m e (s e <?s . X IO'3)

F i g . 4 .

realized, and may be illustrated by Fig. 7. A few typical recovery figures 
are given in Table VI.
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Table VI.

Bitumen.

Steam Refined Bitumen . 
Steam Refined Bitumen . 

Do. plus 1% Rubber
Do. plus 1% Rubber

Fluxed Lake Asphalt 
Fluxed Lake Asphalt

Do. plus 1% Rubber
Do. plus 1% Rubber

200 Pen. Asphaltic Bitumen 
Trinidad Lake Asphalt . 
Oxidized Bitumen .

80
20

% \  
% f

Penetration  
at 25° C. Temperature. Elastic

Recovery.

200 0° C. 30°
200 15° C. 10°
150 0°C . 62°
150 15° C. 40°
203 0° C. 37°
203 15° C. 15°
170 0°C . 67°
170 15° C. 35°

O o P 60°
40 15° C.

OOCO

S hort Period Age Hardening .
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V i s c o s i t y - T e m p e r a t u r e  R e l a t i o n s h i p .

It is obviously of very considerable importance to have a knowledge of 
the “ temperature susceptibility ” of any bitumen to be used for such work 
as the manufacture of asphalt for road or building construction, and it may 
be of value to review briefly some of the methods that have been proposed 
for this purpose.

Time (m inutes)

F i g . 6 .

An early method consisted merely in recording the extent of the plastic 
range i.e., the temperature difference between the softening point (e.g., 

y ing and Ball) and the brittle point (e.g., by Fraass). Later methods 
suggested graphical methods based on rather complex equations. For 
example, Saal «  obtains a straight line relationship by plotting :

log log (Ft +  1) =  m log T  +  c



where Vk =  kinematic viscosity (centistokes),
T  =  absolute temperature, 

m  _j_ c =  constants.

Umstatter45 suggests plotting log viscosity against the reciprocal of the 
square of the absolute temperature, thus .

log 7) =  m T ~ 2 +  G 

E l a s t i c  R e s o v e r v  o f  B i t u m e n s

5 9 4  BROOME : THE MEASUREMENT OF THE

Tim e  ( h o u r s )  
F ig . 7.

The A.S.T.M.46 have proposed two susceptibility factors based on 
penetration tests :—

Susceptibility =  ^ - “ S° 50 5 sec~ ~  Pen~ 32° 200 g- 60
Pen. 77° F., 100 g., 5 sec.

Susceptibility =  Pen' 10Q° 100 g-. 5 sec-
Pen. 77° F., 100 g., 5 sec.

Both these are unsound, as in the former the consistency is measured at 
three different and unknown stresses, and in the latter again in unknown 
stresses which change at different rates.

A fluidity factor has been proposed by Zapata 47:—
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Fluidity =  (Furol Vis. 275° F. — Pen. 77° F., 100 g., 5 see.) 
(Pen. 77° F., 100 g., 5 sec.)/100.

Somewhat similar is Kelley’s float-test index 48:—

Float-test Index =  (Float 176° F. X Pen. 77° F., 100 g., 5 sec.)!

Also Abraham’s susceptibility factor 49:—

Susceptibility =
Hardness at 32° F. — Hardness at 115° F. 

Softening Point (K. & S.) X 100

All these suffer from the disadvantage of trying to reconcile figures 
obtained at different, varying, and frequently unknown, stresses. They are 
arbitrary formulae with no scientific basis.

Pfeiffer and van Doormal50 proposed a scheme for a “ penetration index ” 
which must be criticized somewhat in the same direction, as it is obtained by 
means of a nomogram establishing a relationship between the penetration 
and the Ring and Ball softening point. The scheme is particularly doubtful, 
as it assumes that the Ring and Ball point corresponds to a penetration of 
800, whereas actually the softening point may correspond to penetrations 
ranging from about 450 to 1000 or more. This wide variation of con­
sistency at the Ring and Ball point seems generally not to be realized, 
possibly because it is not possible to measure penetration at that tempera­
ture. With the aid of the Couette type viscometer, however, viscosities 
may readily be determined at the softening point. H this is done, it will be 
found that not only do bitumens have widely divergent viscosities at this 
temperature, but that the viscosity is still generally dependent on the stress 
applied. A few typical figures are shown in Table VII :—

T a b l e  VII.

Viscosity at the Softening P o in t.

Bitumens.

Venezuelan Mexphalte 65° 
Ditto plus 2% Rubber 
Venezuelan Mexphalte 200’ 
Ditto plus 2% Rubber . 
Trinidad A.C. (200 Pen.) . 
Ditto plus 2% Rubber .

R . & B . Softening 
Point, ° C.

52
65
40
47
40-5
65-5

Viscosity at R . & B. 
Point.

2-4 x  104 poises. 
2-3 
1-6 
2 1  
2-2 
1-9

A sounder temperature susceptibility scheme is that employed bv 
Mitchell and Lee 5 1 J

where n =
n =  (log i] -  log v]?) /log T °  F. -  log T °  F. 
n =  the logarithmic temperature coefficient 

\  -  viscosity at T t ° F. 
v)2 =  viscosity at T °  F.

This scheme gives figures such as those in Table VIII when applied to 
data obtained with the Couette type viscometer :—
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T a b l e  V III.

Logarithm ic Tem perature Coefficients. 

Venezuelan Mexphalte 65°
Ditto plus 2% Rubber 
Venezuelan Mexphalte 200 
Ditto plus 2% Rubber 
Trinidad A.C. (200 Pen.) 
Ditto plus 2% Rubber

9-4
10-8

8-2
8-3

10-2
100

It must, however, be pointed out that log viscosity/log temperature 
curves, although straight lines in many cases, are rarely parallel lines and, 
not only does the rate of change of viscosity with respect to temperature vary 
with temperature, but the slope of the curve is also dependent on the shear­
ing stress employed. A better way of expressing temperature susceptibility 
is*to measure the percentage decrease in viscosity (in absolute units) for 
1° C. rise in temperature over the suitable temperature range. The method 
was proposed by Traxler and Schweyer,52 who express the numerical value 
of the susceptibility by the equation :—

Asphalt Viscosity Index (A.V.I.) =  100 1]

where v)c and v)d are the viscosities, in poises, of the bitumen at tempera­
tures tc and td (°C.). The values for the A.V.I. are negative, since the visco­
sity decreases with temperature, but the sign may be neglected without 
detracting from the value of the index. A few typical figures are given in 
Table IX :—

T a b l e  IX .

A sp h a lt V iscosity  In d ex .

200 Pen. Venezuelan Mexphalte . . . 19-3
Ditto plus 2% Rubber . . . .  18-3
200 Pen. Trinidad A.C.....................................................21-5
Ditto plus 2% Rubber . . . .  20-0

With either of these methods care should be taken to employ them 
only over a relatively small temperature range as the variation of viscosity 
with temperature is very complex, probably owing to the complex structure 
of bitumen. It would appear probable that the structure changes very 
considerably as the material is heated or cooled, so that with rise of 
temperature a bitumen may be regarded as passing successively through 
the following states

Solid—“ plastic solid ”—“ liquid plastic ”—liquid.

The first of these changes corresponds very approximately to the brittle 
point, whilst the last of these changes is a gradual process taking place 
above the “ melting point.” For any given bitumen the change from one 
state to another will take place at different temperatures, depending on the 
rate of change of temperature, etc., and will certainly take place at different 
temperatures, according to whether the material is being heated or cooled. 
The situation is further complicated by the phenomena of thixotropy and 
work-hardening, the condit ion at any moment being a matter of equilibrium

s
______________o   A lDnum

between the process of transformation in the direction solid-liquid and the 
transformation in the direction liquid-solid. Further, the test operation
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528 BROOME : THE MEASUREMENT OF THE

D I S C U S S I O N .

Mr L. J. C h a lk  wrote : Mr. Broome has given us an extrem ely interesting survey 
of the flow properties of bitumens, and has raised a number of points of considerable 
practical and theoretical importance. One of these concerns methods of obtaining a 
numerical index for what is generally referred to  as “ p lasticity .” The normal laws 
of viscous flow do not apply to m ost bitumens, and, as a consequence, the figure 
obtained for viscosity varies with the shearing stress; whence it follows that the 
function referred to as “ degree of plasticity ” is not a true constant. In the case of 
the twisting-cylinder apparatus, the observed viscosity, and therefore the “ degree of 
plasticity,” will depend on the weight used to apply the torque, the dimensions of the 
test specimen, and diameter of torque drum. The “ degree of plasticity ” cannot 
therefore be accurately interpreted or the figures reproduced by other laboratories, 
unless the precise conditions under which the test was carried out are known. A 
further point is that the figures given in Table I convey rather a-false impression of the 
accuracy of the results obtained by the twisting-cylinder method. I t is rarely per­
missible, even with true fluids, to  express viscosity to  more than three significant 
figures, and I think Mr. Broome will agree that this would have been ample in the 
present instance.

An alternative method of expressing plasticity is based on the fact that the equation 
V  =  K F P  has been shown to hold for a number of bitumens. The equation does not 
itself represent a straight line (as stated on p. 519), but on taking logarithms 
it reduces to the form log. V  =  log. K  +  p  log. F ,  which experimentally is found to 
be a straight line. The amount by which “ p  ” is greater than 1 is the measure of the 
plasticity of the bitumen. The term “ p  ” is a true constant, and, for this reason, 
would appear to be more suitable as an index of plasticity than the function “ degree 
of plasticity.”

Dr. F. H. G a b n e b  wrote : The paper by Mr. Broome represents a valuable summary 
of all the various properties comprised under the term  “ flow properties of bitumen,” 
and it is interesting to have a description of the two types of apparatus which he has 
used for the measurement of these properties—nam ely, the Franldand-Taylor twisting- 
point apparatus and the modified rotating-cylinder viscometer.

It would appear that the plasticity figures quoted in Table II  are of limited value, 
since it is doubtful whether it is possible to  derive the degree of plasticity from a 
relationship between the observed viscosity at 25° C. and a figure for viscosity calculated 
from the penetration; this is based on the assumption that true viscosity is dependent 
only on penetration, but there are other factors concerned in penetration. On the 
other hand, Dr. Lee stated that in the case of practically all bitumens the curve 
obtained when the shearing test was plotted against rate of flow was a curve passing 
through the origin, and hence plasticity can be measured by the P  in the formula;—

V  =  k F p.

This would appear to be a much sounder measure of p lastic ity , b u t here again the 
plasticity may vary with the rate at which the shearing stress is applied, as illustrated 
by the figures quoted in Mr. Broome’s paper.

Mr. R. P b e s to n  wrote : Mr. Broome has performed useful work in indicating the 
large number of methods adopted or suggested for determining th e  flow properties of 
bitumen, and although there appears to be little exact knowledge published on the 
correlation between laboratory tests and practice, he has directed attention to this 
problem by his statement of preference for the more plastic bitumens for road work, 
and for those of maximum ductility.

I would venture a few observations on these two properties. Mr. Broome was 
perhaps among the first to adopt a method of expressing plasticity in terms of a 
simple control test (penetration), but the very wide range o f values for tho “ degree of 
plasticity ” of different bitumens obtainod by his m ethod casts doubt either on the 
accuracy of correlation with practice, or on tho m ethod of deriving the “ plasticity.

ie differences given in Table II of the paper for normal bitumens (as distinct from 
asphalts) are far too great to be truly significant of their behaviour in practice. A 
more reliable indication of plasticity which could be determined almost as easily as



that given by Mr. Broome could be obtained by  the measurement of flow under a 
series o f different loads. The deformation o f a plastic material m ay be written : -

D  =  F(t)f(S)<f>(Q)

where t =  time,
S  — stress,
0 =  temperature.

Under constant tim e and temperature 
D  =  K J (S )

an equation similar to that given by  Mr. Broome on p. 519. Variations in D  m ay be 
related to variations in S .  For example, the relation between penetration and load 
would provide an index o f plasticity, but a test on the lines o f the Pochettino visco­
meter would be preferable, the relation between deformation and load being determined 
under fixed conditions o f time and temperature.

It  is open to question, however, whether the quality o f bitumens in relation to  roads 
can be assessed independently of their behaviour in presence of mineral matter, and 
without considering the nature o f traffic forces. The writer found some years ago that 
the deformation of a beam containing mineral m atter and a “ viscous ” binder allowed 
to sag between pivots could be divided into two stages—namely, a comparatively 
rapid movement in the initial stage, followed by a longer and steadier movement. 
On removal of the load, a definite recovery effect was noticed. The initial rapid rate 
of sag and final 11 recovery ’ ’ were obviously manifestations o f storage and release of 
energy. In view o f the impulsive nature o f traffic forces, it would appear that the 
phenomena mentioned more nearly represent actual road conditions than the flow 
under steady load conditions (plastic or viscous flow) except perhaps in the case of 
heavy slow traffic.

Mr. Broome has given examples o f the effect of temperature on ductility, and has 
deduced that the superiority in practice o f bitumen B  over C  is due to its higher 
maximum ductility when tested  over a range o f temperatures. The writer would 
suggest another explanation for this superiority—namely, its greater ductility at 
lower temperatures. I t  would be o f interest in this connection to  know the values of 
bitumen A  o f Fig. 1 compared w ith bitumens B  and C .

Dr. R. N. J. S a a t .  wrote : In  Fig. 2, line D  is given as a special type of plasticity 
curve which—according to  Broome— is particularly found in the case o f highly elastic 
materials such as rubber-bitumen mixtures. I t  seems to  us that it  is the elastic 
properties o f the materials which are responsible for the phenomenon referred to. 
For, high elastic deformability involves, in the case of a deformation under constant 
shearing stress, that at the beginning o f the determination the rate of shear strongly 
decreases with time, and subsequently becomes constant or increases again owing to 
thixotropy.

Hence it will entirely depend on the moment at which the determination is carried 
out, what value is found for the rate of shear. In the case of the measurements plotted  
in Fig. 3, “ Behaviours o f Bitumens at Low Rates o f Shear,” the interval between 
the beginning of the deformation and the measurement was perhaps too short to  reach 
a state of elastic deformation corresponding to  that in the determinations at higher 
rates of shear.

One is inclined to seek the explanation o f the phenomenon referred to  particularly 
in the circumstances under which the measurement was carried out, because neither 
line D  of Fig. 2 nor the curves of Fig. 3 should ever intersect the rate of shear axis at 
positive values.

A similar reasoning m ay be set up for determinations carried out at constant rate 
of shear.

Furthermore, we would comment on the last chapter, in which the Penetration 
Index according to Pfeiffer and van Doormaal is criticized. This penetration index is 
based on the, experimentally found, linear relation between log. penetration and 
temperature; the slope o f the log. penetration—temperature curve indicates the  
temperature susceptibility. However, since the determination o f the temperature 
susceptibility from two penetrations offers considerable practical drawbacks when 
applied to bitumens of widely divergent properties, Pfeiffer and van Doormaal preferred
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deriving the required slope from one penetration and the softening point R. & R. 
This is feasible only if the softening point R. & B. invariably corresponds to about the
same penetration. _ .

From penetration measurements at softening point K. <s 15. w ith a wide range of 
bitumens it appeared that the penetration at this point is indeed about 800. In some 
eases deviating values were found (max. 900, min. 600). The influence of these 
deviations on the calculated temperature susceptibility is, however, comparatively 
small, as we are here dealing with the log of the penetration, so that the errors in the 
calculated temperature susceptibility are of but minor importance in practice. The 
errors involved in the use of two penetrations are, partly on account of the log. 
penetration-temperature line not being com pletely straight, of the same order of 
magnitude.

We would further point out that the differences found for the square of the penetration 
at softening point R. & B. are of about the same order o f magnitude as the differences 
in viscosity at this point.

Broome prefers to determine temperature susceptibility by measuring the percentage 
decrease in viscosity (in absolute units) for 1° C. rise in temperature, yet he emphasizes 
that with this and other methods care should be taken to employ them only over a 
relatively small temperature range, as the variation of viscosity with temperature is 
very complex. In our opinion it is the chief advantage o f the system proposed by 
Pfeiffer and van Doormaal that the relation between log. penetration and temperature 
is not complex, but practically linear over a rather wide temperature range. This 
even applies in the case of blown bitumens, where, on account of elasticity and 
thixotropy, it is not possible to  characterize the behaviour by means of a single absolute 
viscosity determination.

Mr. D. C. Beoome in reply wrote that he fully appreciated that the degree of plasti­
city as determined by means of the twisting-cylinder apparatus depended on the 
weight used to apply the torque, the dimensions of the test specimen, and the diameter 
of the torque drum. This meant that the test was an arbitrary one, and possibly the 
equation suggested by Mr. Chalk was theoretically sounder. From a  practical point 
of view, however, he had found that the former m ethod was extrem ely useful, and did 
seem to magnify the differences in plasticity between various m aterials in a manner 
which lined up with practical experience.

He agreed that the data in the last column in Table I should only have been quoted 
to three significant figures.

He also agreed that the alternative m ethod of expressing plasticity to which 
Mr. Preston referred was, of course, quite reliable, but he had found, as a result of 
experience, that the method referred to in the paper was extremely useful in virtue 
of the very fact that it did magnify the differences. The situation there was somewhat 
analogous to the use of a microscope for examining small particles. One did not see 
the true size of the particles when examined under the microscope, but their very 
magnification was extremely useful in assisting their evaluation.

He fully agreed that the properties of the bitum en in a road were affected very 
materially by the presence of mineral matter. H is experience was, however, that 
plastic or viscous flow did frequently take place under practical road conditions, 
and that was therefore a contributory factor, although it was certainly not the only 
factor.

With regard to the ductility o f bitumens B  and C  in Fig. 1, his view was that bitumen 
B  was superior not merely because it had a higher maximum ductility, but also 
because that maximum ductility occurred at an appreciably higher temperature. 
It was also superior in that its ductility at very low temperatures was greater.



BITUMEN EMULSIONS—THEIR DEVELOPMENT 
AND PRESENT SPHERE OF UTILITY.*

B y  L .  G .  G a b r i e l ,  B . S c . ,  A . I . C . ,  F . I n s t . P e t .

SUM JIAKY.

The historical development of the manufacture of bituminous emulsions 
is sketched and various problems which had to be solved in order to remedy 
the initial difficulties are dealt with. Data are given of the types of emulsion 
obtained with various pure chemical compounds. Sedimentation behaviour 
of emulsions is considered and experimental results are quoted, showing the 
evaporation behaviour of emulsions. Problems underlying the chemical 
interaction of bituminous emulsions and stone aggregates are dealt w ith and 
the specific nature of these chemical reactions, as between any given emulsion 
and any given stone aggregate, is demonstrated. The physico-chemical factors 
underlying the viscosity/concentration relationships of bituminous emulsions 
are discussed in  detail and the general formula of Hatschek is shown to apply. 
Methods of use of emulsions on the road and in industry are described and the 
mechanism of the breakdown of these emulsions in various circumstances is 
analysed. The special types of emulsion, developed for industrial purposes, 
are briefly considered and the development of the industry as a whole, from  
its  beginnings to  its  present scientifically controlled achievement, is sum­
marised.

T h e  purpose of the present paper is to present, more particularly for the 
non-expert reader, an account of the development of the manufacture and 
use of bituminous emulsions of all types, and the role they now fill. In the 
course of the survey it is proposed to deal with development in manufacture 
and in application, and also to indicate one or two typical examples of the 
growth of technical knowledge in this territory, as the result of intensive 
research which has been carried out in the industry. It will be seen that 
this research work, in some cases, has applications which come outside the 
immediate sphere of use of bituminous emulsions, and has more general 
sig n ificance.

The underlying idea of the endeavour to emulsify bitumens is, of course, 
a cheap method of rendering them more fluid and, therefore, easier to apply. 
The use of bitumen, heated to render it fluid, antedated its use in the 
emulsion form or as cutback, but the disadvantages which were felt led to a 
search for a more convenient type of material, still possessing the binding 
and waterproofing power of bitumen. These drawbacks were principally, 
of course, the inconvenience, in certain circumstances, of having to heat 
the bitumen and, further, the care which has to be exercised if real control 
is to be obtained over the rate and conditions of application, in view of the 
rapid increase in viscosity which takes place as the heated binder cools to 
air temperature. It seems probable that the use of bitumen emulsion—that 
is, bitumen fluidified with water as the medium—antedated, at any rate 
on the large scale, the use of bitumen fluidified with solvent (cutbacks), 
merely because the cheapness of water appealed to the imagination of early 
workers. At any rate, we can go back to the year 1904 for the first appear­
ance of a patented process for the emulsification of bitumen. Actually, 
this had been preceded in 1903 by a patent taken out by van Westrum for

* Paper presented to a Meeting of the Asphaltic Bitum en Group of the Institute of 
Petroleum held on 9th May, 1939.
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the émulsification of dust-laying oils. Quite a dozen other specifications for 
emulsifying bitumen appeared before 1910, in which year van Westrum’s 
well-known patent for a process of this kind was taken out.

A certain amount of application of this and similar patents occurred 
immediately prior to the Great War, but development on a large scale was 
not forthcoming, and one of the reasons for this was that bitumens, in those 
days, were probably not as amenable to émulsification as they were after 
the great improvements in refinery technique which took place immedi­
ately after the War, and, further, the quantities of emulsifying agent 
specified in the early processes were, in our view nowadays, excessive, 
although here again this may have been conditioned by the characteristics 
of the then available bitumens. The emulsions, in any case, once made, 
undoubtedly possessed, for the most part, properties similar to those which 
we now class as semi-stable, and, as such, it is not altogether surprising that 
difficulties to do with setting seemed to have resulted in a discouragement 
of early efforts.

After the War, however, the problem of the reconstruction and 
modernizing of the road system of European countries began to come to the 
fore, with the greatly increased development of motor traffic. A large 
mileage of roads in those days consisted of water-bound macadam and, 
under the greater demands of higher-speed motor traffic, these roads 
began to show signs of breaking up, and maintenance became a severe 
problem. It was soon found that in laying the dust by means of emulsified 
oils and bitumens, a film of the tar or bitumen tended to remain on the road, 
especially after repeated treatments, and the idea then suggested itself that 
this film had advantages of its own, and from that time the practice began 
to emerge of applying heavier dressings than those strictly necessary for 
dust-laying, and it was only a matter of a short time before the advantages 
of the bitumen-surfaced road became fully apparent, particularly for 
pneumatic-tyred traffic.

M a n u f a c t u r e .

The earliest process for the manufacture of bituminous emulsion which 
had a successful large-scale development was that which appeared in 1922 
under British Patent No. 202,021 by Mackay. The emulsion made by this 
process was responsible for the bulk of the pioneering development of the 
bituminous road emulsion industry. The process consisted in stirring into 
the molten bitumen a quantity of fatty acid or other suitable acidic con­
stituent of the ultimate emulsifier, then running in a solution of alkali to 
saponify this fatty acid in the mixer and in the body of the bitumen to be 
emulsified, and diluting the rather concentrated emulsion so formed with a 
sufficient quantity of water. This process gave very satisfactory results 
with Mexican bitumen, in use at that time, and, provided no unexpected 
changes in the characteristics of the bitumen supervened, an emulsion of 
uniform and standard quality was obtained. It must be realized that in 
those days all who were endeavouring to work émulsification on the large 
scale, as a scientific process, were handicapped by almost complete ignorance 
of the fundamental principles involved, and by a very incomplete under­
standing of the properties of the finished emulsion. The whole thing was 
rat er a miracle. All failures and inconveniences had to be accounted for
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by rule of thumb and without very much real understanding. However, 
standardized methods for the application of emulsion of this type gradually 
developed, and before many years had elapsed it became evident that the 
idea was capable of a very considerable future.

At this time various competitive processes began to appear, and, in 
particular, note should be taken of a series of such processes, all based on the 
same fundamental idea, which was first set out in British Patent No. 
226,032, by Montgomerie, published in 1924. This patent covered a process 
in which advantage was taken of the fact that bitumen itself contains a 
small percentage of substances of an acidic nature, which, in combination 
with alkali, were capable of forming soap-like bodies, which produced 
emulsification of the bitumen, under conditions of adequate agitation.

In the Montgomerie process a dilute solution of caustic alkali was first 
placed in the mixer, and into this was allowed to flow the molten bitumen. 
An emulsion of greater or less stability was formed, according to the precise 
characteristics of the bitumen, and this was usually further stabilized by the 
addition, at the end of the process, of a quantity of soap or similar colloidal 
protective body. The Montgomerie process showed up at once in a favour­
able light, in view of the fact that the total concentration of soap and alkali 
present could be established at a figure very much below that required in 
the Mackay process. Purthermore, the two processes could be carried out 
in the same type of slow-stirring mixer, in which the blades did not need to 
revolve at a greater speed than 60-90 r.p.m. Nevertheless, it was found at 
the time that the properties of the Mackay emulsions were, in some ways, 
superior to those of many of the emulsions made by the Montgomerie 
process, and, in any case, in those days competition was not so severe, 
consequently the prime cost of the ingredients was not so important a 
factor as it is now.

It will be noted that the Mackay type of emulsion depended less on the 
chemical composition of any substances present in the bitumen and, in the 
author’s experience, this, on many occasions, proved a boon, in that the 
Mackay emulsions were less susceptible to any changes in the bitumen 
than those produced by the Montgomerie process.

It should be explained that these changes in the bitumen were not such 
as could be detected by determination of the normal physical properties of
the bitumen, and at that time the variations were not at all understood, 
although they are more comprehensible to-day, as will be seen later.

It is curious to note that in those early days methods of control of the 
viscosity of emulsions were discovered : that is to say, methods by which the 
viscosity of the emulsion could be raised or reduced, without altering the 
bitumen content. In the Mackay process the rate of addition of the alkali 
solution accomplished this, and a certain amount of control, in a similar 
way, was possible in the Montgomerie process by changing the rate of 

ii addition of the bitumen. With Mexican bitumen the changes in viscosity
which could be achieved in this way, at any rate with the Mackay process, 

g were quite considerable, and it was possible, given favourable circum­
stances, to prepare emulsions containing, say, 50 per cent, of bitumen, 
which had a consistency of thick cream. The explanation of these pheno­
mena, in the light bf developments which will be described later in the paper, 
affords rather an interesting sphere of speculation.

Q Q
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The development and use of these emulsions proceeded smoothly for a year 
or so, until, in or about the year 1927, a series of quite unusual difficulties 
in manufacture occurred, at any rate in the author s experience, which 
necessitated much more fundamental efforts to secure a remedy than had 
previously been the case. After some little investigation, it became clear 
that the type of bitumen had changed radically. It must be remembered 
that at that time such a change over was not thought to have any special 
significance, and a good deal of surprise was experienced by everyone that 
the process which had gone smoothly before now showed considerable 
hesitation and, furthermore, the emulsions, once obtained, were very much 
less viscous than those obtained previously.

The ultimate result of this setback was that other methods of emulsifica- 
tion came into consideration. There was a prejudice at that time against 
the use of the newly introduced colloid mill for the dispersion of bitumen, 
because it was thought it yielded emulsion of tremendous stability. Here 
again, though ideas on the possible causes of changes of stability were quite 
rudimentary, there was a general inclination to associate stability with the 
dispersion, and it was thought that the dispersion produced by colloid mills 
would be much finer than that produced in the mixer. Trial, of course, 
readily showed that neither the dispersion nor the stability exhibited these 
great differences, and it soon became apparent that there was one great 
advantage in the use of the colloid mill : this was that it rendered the pro­
cess almost independent of the percentages of acids, resins, and other bodies, 
which were capable of influencing the emulsification by any process involving 
saponification in the presence of the bitumen.

The colloid mill, therefore, became increasingly popular for the prepara­
tion of bitumen emulsions from that date onwards, although the mixer 
processes, in more highly developed form, are still finding considerable use.

The use of the colloid mill imposes a very much higher power con­
sumption to produce emulsions; but, nevertheless, this is not a decisive 
factor, because in any case the power cost is a very small fraction of the 
total cost of manufacture. As against this it is possible to arrange the mill 
so that it can be fed by means of a system of grouped pumps for the in­
gredients which go to the preparation of the final emulsion, and the process 
is therefore a continuous one, under very good control as regards the 
proportion of the ingredients.

The type of mill used may vary between almost any of those on the market, 
but those which have achieved most use in the industry are the Hurrell, 
the Premier, and the Hatt-Dussek. Figs. 1, 2 and 3, show these three types 
of mill.

In actual practice they all function on the same principle, which is the 
subjection of the bitumen and emulsifier solution to very high forces 
developed in spaces of small dimensions. This has the effect of splitting up 
the bitumen into small globules, in the presence of the emulsifier solution, 
which stabilizes them in that form and prevents them again coalescing to 
the bulk phase. It would be possible to go into great detail on the relative 
advantages of the different types of mill, but it is not proposed to do this in a 
general paper of this type. However, one observation should at any rate 
be made. From time to time the different types of mill on the market are 
advertised as possessing advantages, due to saving in power consumption,
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°f improved dispersions or, possibly, as possessing higher rates 
it is l"~ ^lan their competitors. In making comparisons of this sort,
1 a 'Uo*f always found that the results have been arrived at without 
+ + 6 ' the operating factors. It is, of course, quite possible
o a e a gn en mill—say the Hurrell—and to open up the gap setting to a 
.”,Ure, ° ° three times greater than normal, and then to show a con-

si era e rec action in power consumption. If, however, the emulsions so 
made are tested quantitatively for dispersion, it will often be found that, 
beyond a given critical setting of the gap, the dispersion falls away, so that 

is mas e a 'en into account in evaluating the effect on power consump­
tion. It will also be found generally that at slower speeds of running the 
dispersion falls away, so that power consumption in this direction must be 
considered in the light of the dispersion produced, and the same is true in 
measuring throughputs.

In the author’s experience, the advantages and disadvantages of the 
various well-known mills are to be found in such points as convenience of 
layout and adjustment, rather than in any definite positive advantage in 
either the dispersion produced, the power consumption required, or the 
rate of throughput maintained.

As regards the influence of gap setting, the following curves are of 
interest:—

t h e i r  d e v e l o p m e n t  a n d  p r e s e n t  s p h e r e  o p  u t i l i t y . 535

F i g . 4 .

Curve No. 1. 2. 3.
Rotor size, in. . . . .  12 10 12
Speed, r.p .m .............................................  2992 2986 2990
Gap, in .......................................................  0-020 0-014 0-015

Curves 1 and 3 are strictly comparable, being from emulsions made on mill« 
of the same size. Curve 2 is of interest as showing the effect of using a
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similar mill but fitted with a smaller rotor, running at a similar speed. 
In other words, we have here the effect of the reduction of peripheral speed 
due to the smaller rotor. The gap setting is almost identical with that of 
Curve 3.

R e s e a r c h  D e v e l o p m e n t .

We have, so far, discussed the development in methods of manufacture 
from the earliest commercial stages to the present day, and it has been 
assumed throughout that the product has remained more or less the same. 
This is, of course, not true, and hand in hand with advances in plant and 
installation technique, aimed at more convenient and economical operation, 
there have gone the improvement of plant from the point of view of getting 
a more meticulous control over the product and, in many cases, of intro­
ducing into the formula; new ingredients and reagents for the production 
of the emulsion, so that it should possess a different and more definite range 
of properties in use than could have been contemplated at the beginning, 
in the absence of much theoretical knowledge of the constitution of the 
emulsions. It is not an exaggeration to say, in fact, that the progress 
achieved in the quality of emulsions from, say, 1925 to the present day 
represents the difference between a usable but rough-and-ready article, and 
a precision product which is controlled at least as accurately as any other 
material supplied in similar bulk on the commodity market to-day.

Let us cast our minds back to the state of knowledge of the constitution 
of the ultimate product in, say, the year 1925, in which the author first 
joined this particular industry. The first and ever-present problem at that 
time was as to whether emulsification would proceed normally on any given 
day. Variations were found, usually, as has been stated, not of a serious 
extent, almost every few days on which manufacture was carried on and, as 
a general rule, nothing but empirical explanations for the changes observed 
could be hazarded. The second problem w as: having produced an
apparently satisfactory emulsion—and by this was meant nothing more 
than that it had a lightish-brown colour and could be rubbed out on the 
palm of the hand to give a good sticky coating which was difficult to 
remove—would this product, of which there might be anything up to 
100 tons in the storage tanks, stay as emulsion, or would it collapse, or 
would it change from a fluid product to a thick cream ? All being well up 
to this point, we then had the third problem, which was as to whether, 
when the product arrived on the road, it would break and bind as it should. 
Finally, although this seemed to be rather in advance of our capabilities 
at this time, we did wonder why the emulsion, as originally prepared, some­
times came out thick and sometimes came out as of watery consistency. 
I shall endeavour to give you, in as few words as possible, some of the 
answers which we subsequently found to these various queries.

To begin with the question of irregular emulsification : at that time we 
did not know that different types of bitumen were different as regards 
emulsification. They gave the correct penetration and, within limits, the 
right melting point and ductility, and, on rare occasions when we estimated 
the percentage of asphaltenes, no surprises were forthcoming, although we 
knew that the percentage of asphaltenes varies from one crude to another. 
None of these tests seemed to furnish any reason for expecting differences in
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émulsification behaviour. At a comparatively late stage in the develop­
ment we began to be aware of the importance of the acidic constituents of 
the bitumen, and this certainly gave us a clue to a good deal of what was 
happening in the mixer processes. Even to-day, however, as regards the 
behaviour of a given bitumen under a given émulsification process, we can­
not do more than say that it is entirely specific. We may hazard a guess 
that with a given bitumen a preponderance of a given wax may unfavour­
ably influence its reaction to émulsification, but we are moderately well 
convinced that if the action is to be traced to such a constituent as wax 
it is only indirectly so traceable. In the author’s laboratory at that time 
we tried to solve the problem by investigating the émulsification behaviour 
of large numbers of pure chemical substances.

These were emulsified in a Hurrell mill, using 1-5 per cent, potassium 
oleate solution. In all cases equal volumes of T5 per cent, potassium 
oleate and the compound in question were passed through the mill and then 
remilled once. The type of emulsion was determined in each case and the 
dispersion examined qualitatively. The results are summarized in Table I.

The following relationships appear to hold with regard to the compounds 
given in Table I :—

(a) Benzene gives an oil-in-water emulsion of fine dispersion and 
high stability.

T a b l e  I.

No. Compound. Emulsion
Type. Dispersion and Stability.

1 Benzene O/W Fine, stable.
2 Toluene Dual „ unstable.
3 Xylene W /O Medium, stable.
4 Mesitylene W /O ft ft

Similar to  toluene.5 Ethylbenzene Dual
6 Butylbenzene Dual ft ft

7 Nitrobenzene O/W Fine, stable.
8 Nitrotoluene, o- and m- O/W Medium, stable.
9 p-Nitro-m -xylene O/W Fine, stable.

10 2 : 4-Dinitro-m-xylene O/W ,, coagulated on standing.
11 wi-N itromesitylene O/W ,, stable.

12 Chloroform O/W Fine, stable.
13 Bromoform O/W ft ft
14 Carbon tetrachloride W /O ft ft
15 Carbon disulphide W /O ft ft
16 E thyl ether O/W ft ft

17 n-Pentane O/W Fine, stable.
18 n-Hexane W /O Medium, stable.
19 n-Heptane W/O Fine, stable.

20 cycZoHexane O/W Fine, stable.
21 ci/cZoHexanol O/W ft ft
22 cyc/oHexyl chloride O/W Coarse, unstable.

23 Naphthalene O/W Fine, stable.
24 Tetrahydronaphthalene O/W ,, ,,
25 Diphenyl O/W ft ft

26 Chlorbenzene O/W Medium, stable.
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(b) The progressive substitu tion o f m ethyl groups to give toluene, 
xylene, and inesitylene causes the emulsion type to change over to 
water-in-oil, passing through the intermediate stage with toluene, 
which forms a dual emulsion.

(c) Substitution of other a lkyl groups (nos. 5 and 6) has a similar
effect.

(d) The strongly positive  nitro-group  leads to oil-in-water emulsions 
(nos. 7- 11), one nitro-group being sufficient to counteract the reversing 
influence of two or three methyl groups (nos. 9 and 11).

(e) Substitution of halogens in the benzene (chlorobenzene, etc.) does 
not alter the emulsion type, but leads to coarser dispersion.

(/) The aliphatic compounds, nos. 12-16, suggest that the more 
polar molecules tend to give oil-in-water emulsions.

(g) The homologous series, nos. 17-19, shows a progressive change in 
emulsion type and stability with increasing chain-length ; long chains 
tend to give water-in-oil emulsions.

(h) The cyclic compounds, nos. 20-25, all give oil-in-water emulsions.
(i) Substitution of halogens in  the case o f cyclic com pounds does not 

change the emulsion type, but leads to coarse and less stable emulsions 
than in the case of benzene—compare nos. 22 and 26.

These somewhat general effects of constitution on émulsification, by the 
process previously described, could not be correlated with surface tension 
or interfacial tension relationships, and the problem was complicated by the 
fact that many of the compounds tended to abstract a proportion of fatty 
acid from the emulsifier solution during émulsification, the latter then 
becoming alkaline.

Further interesting results were obtained with mixtures of compounds 
which individually gave opposite types of emulsions. These are shown in 
Table la.

T a b l e  l a .

No. Mixture. Emulsion
Type. Dispersion and Stability.

27 Benzene-xylene, 75 : 25 W/O Coarse, rather unstable.
28 8 5 : 1 5 W/O ,, unstable.
29 90 : 4 o / w »> »>

30 Benzene-hexane, 88 : 12 W/O Coarse, unstable.
31 94 : 0 o / w >> >»

(j) Table l a  shows that an oil giving water-in-oil emulsions has a 
marked effect when added even in quite small amounts to one giving 
oil-in-water emulsions. Thus, as little as 4 per cent, of xylene is 
sufficient to prevent benzene from forming its usual fine oil-in-water 
emulsion and 15 per cent, of xylene is sufficient to cause reversal. 
Similar effects occur on adding hexane to benzene.

(k) In  Table I  it was seen that the longer-chain aliphatic compounds 
formed water-in-oil emulsions, and following the indication of ( j)  above, 
it was thought that aliphatic compounds such as wax might have a 
marked influence on the emulsifying properties of bitumens. Investi­
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gation showed that up to 10 per cent, of soft paraffin wax could be 
added to 300 penetration Venezuelan bitumen without appreciably 
affecting the dispersion obtained on émulsification in the mill with 
1-5 per cent, potassium oleate. With 10 per cent, of hard wax (m.pt. 
57° C.) the emulsion became definitely coarse, however, and 15 per cent, 
of the wax caused instability. With higher amounts of soft wax (up 
to 20 per cent.) rather coarse, but fairly stable emulsions were obtained. 
These were particularly interesting, since the emulsion particles were 
irregular in shape, instead of being spherical, presumably owing to 
crystallization of the wax. The experiments failed to show any 
correlation between the normal wax contents of bitumens in general 
use and the émulsification properties of the bitumens.

It will be seen that although these rather vague correlations may perhaps 
be observed, the specificity of the émulsification phenomenon remains 
largely where it was. Undoubtedly the substitution of mechanical means 
of émulsification, such as the colloid mill, does aid in producing emulsion 
of very regular, sound quality from a wide range of types of bitumen, but it 
cannot really be said that émulsification properties of a given bitumen 
can yet be predicted from any series of simple tests, and it should be 
emphasized that the properties of the given bitumen in one process of 
émulsification are not necessarily duplicated in any other. This is the 
fundamental mistake which is being made in certain countries where efforts 
are being directed to producing a test for émulsification as a guarantee of the 
suitability of supplies of bitumen for this process. The tests can have 
value, in the last resort, only if they are made by every process of émulsifica­
tion used in the country where the bitumen is being supplied. It is not 
sufficient to emulsify the bitumen under test, say, by passage through a 
Hurrell mill, and then to imagine that when emulsified by some form of mixer 
process it is sure to yield equal results.

As a matter of interest on this point, reference should be made to Fig. 5, 
which shows the size/frequency curve of a typical emulsion of 200 penetra­
tion Mexican bitumen, with a similar curve derived from the same type of 
bitumen, but using a variant of the Montgomerie process, with a slow- 
stirring mixer.

It will be seen that although the two curves show variations of shape and 
uniformity, there is no striking difference in the general dispersion.

Let us now turn briefly to the second problem which engages the manu­
facturer of bituminous emulsions : to wit the storage stability of his product. 
Having got the emulsion into the storage tank, it may change its state, due 
to two fundamental processes : first, simple sedimentation, and secondly, 
some process of flocculation, which may eventually lead to complete 
coagulation of the disperse phase.

Taking the second alternative first, as being the less usual, it can be said 
that complete coagulation of an emulsion of bitumen, known to be capable 
of successful émulsification, must always be due to some error in the type or 
concentration of emulsifier used or to some mechanical fault in the process. 
A reservation has to be made on this observation, regarding the known 
susceptibility of the bitumen to émulsification, because there are certain 
physical and chemical characteristics of certain types of bitumen which
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preclude their émulsification or preclude the storage stability of their 
emulsions, once formed. I need only mention, in this connection, the 
influence of high specific gravity of the bitumen. We shall consider the 
normal effect of the difference in specific gravity of the bitumen, and that of 
the aqueous phase, when we come to sedimentation, but for the moment I

F i g . 5 .

S I Z E / F R E Q U E N C Y  C U R V E S  O F  M O N T G O M E R I E  A N D  M I L L  E M U L S I O N S  O F  200 
P E N E T R A T I O N  M E X I C A N  B I T U M E N .

Curve No. 1. Montgomerie emulsion, laboratory mixer.
Curve No. 2. Mill emulsion (1% sodium oleate), laboratory mill.

would refer to a bitumen having a really high specific gravity—say 106 or 
over. It is found that with such bitumens, unless some step can be taken 
o raise the specific gravity of the aqueous phase, so reducing the difference 

in speci c gravity between the two phases, ready coagulation of the 
disperse phase will be experienced. This seems to be due to the fact that 
no o y is t le initial sedimentation heavy, but when packing to a dense
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formation of particles occurs at the bottom of the sedimenting column of 
liquid, there is always a very high pressure developed at the points of 
contact between superposed spheres of bitumen. This high pressure 
naturally tends to force out the adsorbed film of emulsifier, which keeps 
the particles from coalescing normally, so that the greater the pressure so 
exerted, the more likely becomes the coalescence of the particles in contact. 
It is, in fact, very well marked in various types of bitumen which have been 
investigated.

It is also possible to get this coagulation of the emulsion in the case of very 
concentrated emulsions—say with a bitumen content of more than 70-75 
per cent., when the particles of the emulsion become so tightly packed that 
they commence to deform in the bulk of emulsion, merely due to the contact 
pressures between them. It is not infrequent to find the whole system set 
up to a sort of gel, which is not able to disperse again, except by re-sub- 
mission to the emulsification process.

As has been said, however, these cases of coagulation are rather rare in the 
case of bitumens normally found satisfactory for emulsification.

The second type of phenomenon which may occur in storage is, as has 
been stated, simple sedimentation. The factors governing sedimentation 
are normally given, in the somewThat loose way common to text-books, as 
those entering into Stokes’ Law, as follows

QvTjrv =  \ ir r i {d1 — d2)g

where 17 =  the viscosity of the aqueous phase. 
r  =  radius of the falling particle. 
v =  velocity of the fall of the particle. 
d 1 == density of the particle. 
d2 =  density of the aqueous phase. 
g =  gravitational constant.

In fact, however, Stokes’ Law cannot be directly applied to common 
bituminous emulsions in the ordinary sense. The reason for this is that 
Stokes’ Law presupposes that the particles of disperse phase are free to fall 
through the continuous medium uninfluenced by each other or, of course, 
the walls of the vessel. In the case of an emulsion with a concentration of 
disperse phase over about 50 per cent, by volume, there can be no question 
of free fall of the particles, and, in fact, investigations of what really 
happens in a sedimenting column of emulsion of this concentration show that 
the phenomena are rather complicated. What happens is that the whole 
bulk of the particles tends to fall together, or, as it might alternatively be 
expressed, the continuous medium tends to slip through the mass of 
particles and to come to the surface. The mass of particles concentrates 
towards the bottom with gradual packing of the various sizes into the 
closest spontaneous arrangement. After a little while, therefore, you 
get in the sedimenting column a thin layer of more or less pure aqueous 
phase and, below that, a layer of almost constant concentration, as we go 
downwards, of all sizes of particles, with the proportion of large ones tending 
to become greater towards the bottom, and finally a packed layer of particles 
at the hottom. The following curve was determined for an emulsion of 
Texas bitumen in 1-5 per cent, potassium oleate, allowed to sediment in a



cylindrical column 80 cm. in height, 4 cm. in diameter. It shows the 
disperse phase concentration at varying heights; owing to the high water 
absorption of the bitumen, it would not have been satisfactory to plot
bitumen content against height.

From the practical point of view, this can be overcome by arranging that 
the storage tanks shall have fitted to them a pipe system, which enables the

r(4 2  GABRIEL : BITUMEN EMULSIONS----

F ig. 6.
S E D I M E N T A T I O N  O F  C Y L I N D R I C A L  C O L U M N  O F  E M U L S I O N  D I S P E R S E  P H A S E

C O N C E N T R A T I O N  A T  D I F F E R E N T  H E I G H T S  A B O V E  T H E  B A S E .

contents to be circulated by pumping at regular intervals. In this way the 
bottom packed layer can be re-distributed in the more rarefied emulsion at 
h 6 Û (I°̂  C0̂ umn’ before it is so tightly packed that it can no longer be

If the emulsion has been decanted off into drums or other containers, then 
e on y  means available are the stirring or rolling of the containers. It is 

" len  ic  question of stirring a  sedimented container of emulsion arises that 
" 6 come acr°ss some of the most interesting phenomena in the packing of
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particles. W ith certain types of emulsion the  sedim ent a t  the bottom  
acquires most peculiar properties and, in particular, it is possible to  show, 
with certain stable emulsions, a very pronounced “ paste effect ” , which is 
sometimes inaccurately referred to  as anti-thixotropy. I f  the sediment is 
separated out and poured gently from one container to  another, i t  appears 
to have the consistency of a very th ick  cream. If, however, an a ttem p t is 
made to pour it quickly, it sets solid and will not leave the first container. 
I t  is also possible to  take th is apparently  fluid sediment and to  subject i t  to 
a sharp shearing force, when it  will set solid : as, for instance, when a glass 
rod is jam m ed into a  beaker containing the sediment. The reason for 
this behaviour lies, probably, in the  changes of the  configuration of packing 
which occur when the spontaneous arrangem ent of the particles is dis­
turbed ; it bears a relation to  the effect observed when wet sand is displaced 
on the sea-shore, and is undoubtedly connected with the phenomen of 
dilatation. The practical significance of this is th a t, w ith the types of 
emulsion which show th is behaviour a t its m ost m arked, it m ay become 
virtually impossible to  stir up a  sediment which has accum ulated over any 
length of time. Certain emulsions made w ith protein emulsifiers show this 
behaviour very strongly, and it  is, in  fact, frequently experienced when 
these emulsions are returned by the customer as containing lumps of 
coagulated bitum en, th a t, in  fact, th e  lumps or bitum en layer in such 
cases may consist of very heavily sedim ented emulsion, which can only he 
re-dispersed with great care. W ith  the norm al soap-type emulsions used 
for the bulk of the  work, however, the sedim ent m ay, in certain circum ­
stances, become rather stiff for m anipulation, bu t generally it  is possible to 
re-distribute it by stirring or rolling.

The next problem which we always have before us is the  question of the 
road performance of the  emulsion. A t th is stage we confine the discussion 
to road emulsions, bu t it  should be understood th a t m ost of the  physical 
properties so far described are possessed in various degrees by all types of 
emulsion with a bitum inous base, even though designed for other purposes, 
and later on it is proposed to  devote a few rem arks to  these special emulsions.

In  the early days of emulsion m anufacture it was assumed th a t once a 
satisfactory emulsion had been made, its road perform ance would be 
equally satisfactory, and it  took quite a little  while to  appreciate th a t an 
emulsion which is good qua stability  and dispersion m ay be quite unsu it­
able for the purpose for which it is designed. I t  was no t realized by w hat 
process the emulsion actually  set on the road, and there was much ta lk  of 
emulsions “ throwing off ” their w ater, as if th e  process were an  active 
operation on the p a r t of the emulsion, ra ther th an  a  passive submission to  
various factors bringing abou t setting. In  fact, of course, an  emulsion 
does not throw off its w ater : the  w ater leaves the disperse phase by a series 
of perfectly familiar physical and chemical processes. In  recent years 
these have been investigated in great detail, and our understanding of the 
processes of breakdown of emulsions, though still incomplete, enables us to  
get a very good picture of w hat happens. The mechanism of break of 
emulsion may be divided into three m ain headings :—

1. Evaporation.
2. Chemical Coagulation.
3. Capillary Effects.



1. Evaporation.

Generally speaking, in road work or, for th a t m atter, in m ost industrial 
applications of emulsions, the bulk of the water is lost by evaporation pure 
and simple. This evaporation follows very much the same laws as the 
evaporation of water from a free surface, and it can be seen by reference to
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I N I T IA L  R A T E  O F  E V A P O R A T I O N  P R O M  E M U L S I O N S .

(Loss in weight v. dry ing  tim e.)
(Film area =  12-9 cm. Tem perature =  21-5° C. R ela tive  hu m id ity  =  80 per cent.) 

Curve No. 1. D istilled w ater.
,, 2. Labile emulsion A.
•»> 3. „  „  B.

4. „  „  C.
,, 5. Sem i-stable emulsion.
,, 6. Stable emulsion.

Note th a t all the emulsions lose w ater a t  a  slightly  lower ra te  th a n  distilled water, 
owing to  the dissolved solids in the aqueous phase. The effect is particu la rly  marked 
in the case of Labile emulsion C which contained an  excep tionally  high percentage 
o electrolyte. The initial rates of evaporation  are constan t for ab ou t tw en ty  hours.

iig . 7 that over quite a range of emulsions, the initial rates of loss of water 
y e\ aporation, under constant external conditions, are the same. At a 

ater time in the setting of the emulsion a point is reached a t which a sudden 
change comes over the rate of evaporation, due to  the inhibiting effect of the 
resi ua magma of bitumen. The point a t which th is occurs differs to quite
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a considerable ex ten t among different emulsions, and this is exemplified in 
Fig. 8.

I t  is interesting th a t the position where this rapid change takes place has 
been proposed as a fundam ental characteristic of road emulsions by the 
Société Chimique de la R oute in France. There are several objections which 
can be made to  the  employm ent of th is characteristic as a  guide to  per­
formance, bu t there is no doubt th a t i t  has its theoretical interest.

E V A P O R A T I O N  O F  W A T E R  F R O M  E M U L S I O N S .

(R esidual w a ter co n ten t v. d ry ing  tim e.)
(Film  th ickness =  1 m m . T em pera tu re  =  21-5° C.

R ela tive  h u m id ity  =  80 p er cent.)
Curve No. 2. Labile em ulsion A . L ab ility  =  21-3.

,, 3. ,, „  B. L ab ility  =  13-7.
» 4. ,, ,, C. L ab ility  =  18-8.
„  5. Sem i-stable em ulsion. L ab ility  =  6-8.
,, 6. S tab le  em ulsion. L ab ility  =  12-6.

Curves show percentage residual water content p lo tted  against d ry ing tim e. Con­
ditions as above.

Note th a t  the  in itial evaporation  w hen p lo tte d  in  th is  w ay is n o t linear, b u t slightly  
convex to  th e  tim e axis.

In  actual road work, however, it  is uncommon for the evaporation of the 
water to  be able to  proceed in a  quiescent manner. Norm ally the applica­
tion of the emulsion is followed by the scattering of stone chips over it, and 
these are then rolled, or possibly im m ediately opened to  the  passage of 
traffic. In  any case, the  application of the chips themselves and the action 
of passing vehicles, or of the roller, are sufficient to  disturb the evaporating 
film mechanically. This has been found to  produce an interesting effect 
on the point a t  which the bitum inous magm a ceases to  be a collection of
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packed, isolated particles and commences to  assume the properties of 
adhesive bitumen. This point, of course, is usually referred to  as the point 
of break of the emulsion. 11 does not mean the point a t which an anhydrous 
film of bitumen is obtained—and different emulsions yield bitum ens which 
commence to show adhesive properties a t different residual w ater contents— 
but, generally speaking, there is a  fairly considerable am ount of water 
remaining in the film a t the point a t which the norm al bulk properties of 
bitumen begin to be manifested. The point a t which a substantial coagula­
tion of the bitumen is first observed under conditions of mechanical dis­
turbance may be called the ‘ ‘ Lability Point. ” We shall discuss this further 
later in the paper. The effect of the mechanical disturbance, to  which 
reference has been made, is to produce coagulation a t an earlier stage : 
that is, a t a greater residual water content than  would be the case if the 
evaporation were entirely quiescent. Referring back to  Pig. 8, the points 
marked with crosses show the lability points for the emulsions the curves of 
quiescent evaporation of which have been traced, and the relation between 
the two can readily be seen.

2. Chemical Coagulation
In  the normal use of the emulsion it comes into contact with the stone 

surface of the road and also with the newly applied chippings. These stone 
surfaces are found to exert a breaking influence on the emulsion. In  other 
words, if a chip is suspended in emulsion, it wall be found, after a certain 
lapse of time, tha t a coating of coagulated bitum en is present round the 
stone. I t  was a t first thought th a t this phenomenon was due to  the 
presence of coagulating substances in the stone, such as lime salts or soluble 
calcium compounds. Investigation has shown, however, th a t the effect is 
by no means so simple, and w hat really takes place is th a t soap and alkali 
are adsorbed on to the surface of the stone. In  this connection it should be 
realized that although most stones do not possess any m arked porosity in 
the ordinary sense, they do undoubtedly possess a micro-porous structure, 
and, therefore, the extent of the coagulating surface of the stone may be 
very much greater than the mere external surface presented to the eye. 
Stones vary greatly in their power to  coagulate given emulsions, and, what 
is more, if a series of emulsions is placed in a certain order of stability, 
when submitted to the coagulating action of a given stone, it will frequently

T a b l e  II .

Aggregate.

Arnold’s limestone 
Mountsorrel granite 
Craig yr Hesg Sandstone 
Llandebie Limestone 
Alderney Granite 
Wickwar Limestone 
Forest Rock Granite 
Llanbedrog Granite

Percentage of B itum en Coagulated.

T ypes of Em ulsion :
Labile. Sem i-stable. Stable.

8-4
9 0

25-3
4 1

10-6
15-0
16-5 
20-7

b-b
4-2

10-9

1-7
1-8
2-3
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be found th a t by substituting another stone, even when it is of similar 
general reactivity, the emulsions are frequently placed in quite a different 
order of stability. The effect, therefore, is quite specific, and may be due to  
a combination of the chemical nature  and reactiv ity  intrinsic to  the  given 
stone surface and the dimensions and ex ten t of the micro-pores. Table I I  
shows typical coagulations with emulsions belonging to  the three main 
categories—labile, semi-stable, and stable— with a variety of British road 
stones.

I t  will be noted th a t the variations in coagulative power of the different 
aggregates are so great th a t the range of coagulations produced, as between 
the labile surface-dressing-type emulsion and the semi-stable emulsions 
which are normally prepared with much higher concentrations of soap, 
overlap. This is not so evident w ith the results with stable emulsions, which 
are not normally affected to  anything like the same extent by the stone, and 
may, in general, be said to  be alm ost completely immune to  this coagulating 
effect.

3. Capillary Effects.

This factor was, a t  one tim e, thought to  be very much more im portant 
than is now held to  be the case. I t  will readily be recalled how, in earlier 
days, the so-called filter-paper tes t was used as a  guarantee of quality of 
road emulsions. This test was supposed to  dem onstrate the  ra te  of break 
of the em ulsion; in fact, of course, i t  did nothing of the kind. All th a t 
happens when a drop of emulsion is exposed on filter paper, a t any ra te  for 
the first five or ten  minutes, is th a t a  certain am ount of aqueous phase 
passes out from the central drop into the pores of the paper, due to  the 
capillary forces acting in the fine capillaries. This effect is duplicated, to  a 
certain extent, on the surface of the  road, as m any road surfaces are either 
directly porous, as in the case of water-bound roads, or contain a percentage 
of dust or other fine m aterial, which serves as a  species of blotting-paper for 
the aqueous phase of the  emulsion. As a  means of reducing the water 
content, porosity is very much on an equal footing with quiescent evapora­
tion ; it separates the water, and the residual bitum en assumes its adhesive 
state a t a tim e dependent on the characteristics of the original emulsion 
and on the presence or absence of mechanical disturbance. There is this 
difference in theory : when the w ater separates, due to  porosity, it carries 
with it the emulsifying agent, whereas when it  evaporates, the  emulsifying 
agent is left behind, and in m ost cases will cause some retardation  in the  
appearance of coagulation. I t  is interesting, from the point of view of road 
construction with emulsions, to  discuss the relative im portance of the  three 
different main influences which have been enum erated. The problem is, 
however, very complex, because the ra te  of evaporation depends on m any 
circumstances, but, in the  first place, on the am bient tem perature and on the 
wind velocity a t the  road surface. Secondly, the degree of mechanical 
disturbance can never be predicted, and th is in tu rn  will have an influence 
on the ra te  of coagulation, due to  the mechanical disturbance factor. The 
degree of coagulation due to  the  stone aggregate depends, of course, on the 
type of stone, the specific stability  of the  emulsion to  th a t stone, and, as a 
practical factor of great im portance, on the am ount of stone and the am ount 
of surface of th a t stone exposed to  un it quan tity  of emulsion on the road.
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In  general, however, an analysis of the normal incidence of these factors 
leads to the conclusion th a t the first factor, sometimes referred to  as the 
lability factor, is normally at least as im portant as the chemical factor, and the 
porosity factor, in these days of re-treatm ent of already bitum inized roads, is 
of subsidiary importance. In  cases of favourable weather conditions it is 
easy to see tha t the lability factor may have an altogether preponderatingly 
important role in producing the final result.

Viscosity of Emulsions.
When allusion was made to the early difficulties encountered, due to a 

change of bitumen type, it was indicated th a t one of the chief difficulties 
introduced with the new type of emulsion was its lower viscosity. A t tha t 
time there had been small opportunity of giving detailed a tten tion  to  the 
influence of the viscosity of the emulsion on its road performance, but a 
little fundamental thinking soon rendered it  evident th a t th is was, in fact, 
a very important characteristic. Normally, the road surface has a certain 
camber, and this causes any fluid liquid applied to  the  crown to  tend to run 
down into the gutters. The less viscous the liquid, th e  more chance it  will 
have to run away off the effective road surface, before i t  is covered with 
chippings or otherwise prevented from doing so. Furtherm ore, if the 
emulsion is too viscous, the minimum quantity  which can be applied to a 
given unit of area is reduced and, therefore, its covering capacity may 
easily overstep th a t quantity  which corresponds to  the  am ount of bitumen 
necessary to bind the chippings w ithout the presence of excess. Excess, of 
course, manifests itself sooner or later, by the fatting  up of the surface, due 
to the rise of the bitumen under the pressure of the  traffic, until it partly 
or completely engulfs the stone, which should form the running surface.

Viscosity control, therefore, is obviously im portant. Once this point 
had been reached, the next step was evidently to produce emulsions of a 
range of viscosity found by experience to  be the  best, as being the mean 
between the two undesirable consistencies m entioned above. The precise 
value of this mean is, of course, a m atter of opinion, b u t there is a good deal 
of experience to show th a t for normal working in British conditions, and 
especially in this connection, when used as a  surface-dressing emulsion, 
the figure should lie between 10° and 12° Engler a t 20° C. A good deal, 
however, depends on the precise technique adopted by the  workmen 
responsible for using the emulsion, and a gang tra ined  to  use a thinner 
emulsion could probably produce a good result with an emulsion of 5-0° 
Engler. Nevertheless, in the view of the author, 10-12° Engler constitutes 
the best general range to adopt.

I t  was known a t an early stage in the m anufacture of emulsions th a t the 
most straightforward way of producing emulsions of greater viscosity was to 
increase the bitumen content. The way in which viscosity rises with 
increasing bitumen content is shown in Fig. 9, curve 1. I t  will be seen, in 
particular, th a t above a bitumen content of 55 per cent, or so, the slope of 
the curves rises steeply and, in other words, above this figure great increases 
in viscosity result from small increases in bitum en content.

However, it was not possible to  consider a variation in bitum en content 
as a final solution of the problem of producing emulsions of varying viscosity, 
because if any degree of precision is to  be obtained in apportioning the
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quantity  of emulsions used to  the area of road treated , i t  is necessary to  
have an emulsion of standard  bitum en content. The problem was, there­
fore, a rather more difficult one to  solve : th a t is, the increase or decrease in 
viscosity had to  be produced a t a  given bitum en content. In  order to  solve 
this problem, research work was done to  trace the origin of the variations in 
viscosity a t given bitum en contents, found in passing from one type of 
bitumen to  another.

In  curve 2 it  will he seen th a t the  slope is more gradual and, further, 
that a t any given bitum en content the actual viscosity is lower. A t first 
it was thought th a t the  differences experienced m ight have something to  
do with the am ount of soap adsorbed from the aqueous phase on to  the
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surface of the particles. W hen, however, careful measurements were made 
of the concentration of soap in th e  bulk aqueous phase, and from these a 
computation made of the am ount adsorbed, a striking fact was found in 
the case of Mexican bitum en emulsion : the  concentration of soap in the 
bulk aqueous phase was actually  higher th an  the  original concentration 
employed, and not lower, as would have been expected, had any con­
siderable quantity  of soap been adsorbed. This was true  for emulsions 
made with both sodium and potassium  soap. The actual concentrations 
found are shown in Table I I I .

R R
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W hat was the explanation of this ? I t  a t  once leapt to  the mind th a t 
in  some way or another, as it was impossible for more soap to  be present 
th an  was actually pu t in, the  converse m ust be true  and, in fact, a  certain 
proportion of water had somehow become fixed, so th a t it did not function 
as p a rt of the  hulk aqueous phase. A lengthy series of experim ents was 
carried out, which cannot be recorded here in detail, which resulted in the 
fact th a t this water was fixed by occlusion in the bitum en particles, and we 
finally succeeded in showing th a t this occlusion seemed to  be, a t  any rate 
as a first observation, the result of the  establishm ent of an osmotic equili­
brium  between the soap and electrolyte solution constituting the  final hulk 
aqueous phase and the  solution contained in the  interior of the bitum en 
particles. This solution, therefore, m ust have acquired a certain content 
of osmotically active substances. F inally it was shown th a t the source of 
these substances was the presence of a m inute am ount of micro-crystals of

T a b l e  I I I .

Soap C oncentration. Soap C oncentration in  Aqueous Phase.

In itia l Em ulsifier, Sodium  Oleate, P o tassium  Oleate,
% w t. % w t. % w t.

105 113 1-26
1-53 1-63 1-68
2-07 2-21 2-20

various water-soluble salts in the original bitum en employed. The effect 
of these micro-crystals of electrolyte (mainly sodium chloride) was to set up, 
as it were, a rather special type of semi-permeable m embrane, constituted 
by the bitum en of the disperse particles. This semi-permeable membrane 
m ust be distinguished clearly from the ordinary Dorman membrane, in 
th a t, whilst the la tte r is permeable to  certain ions, bu t impermeable to 
others, the  present type of membrane is permeable to  solvent, bu t not to 
solute. Bitum en is, of course, in bulk, one of the  m ost water-impermeable 
substances known, but i t  can be shown th a t films of bitum en of minute 
thickness—say of the  order one to  two microns—do exhibit th e  permeability 
to  water necessary to  account for the  establishm ent of th is type of osmotic 
equilibrium.

We have, therefore, as the result of this work, the  fact th a t the viscosity 
of this particular type of disperse system is governed m ainly by the volume 
concentration of disperse phase. The difference between an  emulsion of 
one type of bitum en and an equally concentrated emulsion of another type 
of bitumen, having a higher viscosity, is simply th a t the more viscous 
emulsion actually possesses a  higher content by volume of disperse phase 
than  the less viscous emulsion, this being due to  greater swelling of the 
bitum en particles in the case of the more viscous emulsion, owing to  the  
presence of w ater in th e  interior of the particles, due to  the  osmotic 
equilibrium.

H atschek, in 1911, developed the following formula governing the 
viscosity of disperse systems ;
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vs ~  i - m
where rjs — viscosity of the  disperse system. 

rj — viscosity of continuous phase.
cf> =  fraction of to ta l volume occupied by disperse phase, where 

cf) is assumed to  be greater than  0-5.
Sibree and others have subsequently shown th a t if <f> is substitu ted  by he/), 

where h is a numerical constant for a  given type of dispersion, th is formula 
gives a good approxim ation to  the observed results in m any different kinds 
of systems. (In  typical bitum en emulsions h shows values of the order of 
1-3—1-6.)

Now th a t the  phenomenon of water absorption has been dem onstrated in 
bituminous emulsions of this type, it is possible to  bring them  into line w ith 
the H atschek expression by interpolating the known percentage of w ater 
absorption to  get the  true percentage volume of disperse phase and, further, 
by interpolating a numerical factor h =  1-4 or thereabouts, as has to  be 
done w ith other types of disperse systems, when using th e  H atschek equa­
tion. Subj ect, therefore, to  the significance of this factor h being unravelled, 
it m ay be said th a t the  H atschek expression does give a good approxim ation 
to  the viscosity of disperse systems, even though the  viscosity of the  disperse 
phase in these systems m ay vary  from  th a t of air, in the  case of Sibree’s 
froths, through th a t of liquid paraffin to  th a t of the normally high viscosity 
of asphaltic bitum en of 200 penetration, or even higher.

Subsequently, this discovery has been used to  work out a system whereby 
a bitum en deficient in water-soluble constituents capable of giving these 
viscosity increasing effects m ay have this deficiency rectified by th e  addition 
of further quantities of suitably dispersed electrolyte, and thus any bitum en 
m ay be treated  to  produce emulsions of any reasonable viscosity, a t  a chosen 
bitum en content. This principle has now been used in practice in the 
production of m any thousands of tons of emulsion all over th e  world, and 
m ay be said to  be a very typical example of the  value of research, originally 
undertaken from a more or less abstract point of view, in developing an 
asset of considerable im portance to  the industry  as a whole.

A p p l ic a t io n s  o f  E m u l s io n s .

Having surveyed some of the  technical developments which have taken 
place in  th e  technology of emulsions themselves (and it should here be 
emphasized th a t these are merely one or two typical examples of the increase 
in our knowledge since the early days of the  industry), it is now proposed to 
indicate the  m anner in which the use of emulsions has developed during the 
same period.

I t  was made clear a t the  beginning th a t the first idea was to  use these 
products as dust-laying compounds, and from th is developed their use as 
surface-dressing binders. A t the  tim e th a t th is development was taking 
place, grouting of packed stone courses w ith hot bitum en was a very common 
procedure, and yielded excellent results in the  m ajority  of cases. Here 
again, however, the difficulty of controlling the exact viscosity of the heated 
bitum en and of combating the chilling effect when the bitum en touched the 
road-stone led to  difficulties of m anipulation. W hen bitum en emulsion
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became available, its great fluidity a t once indicated it as a product which 
m ight be very well employed for the  grouting or penetration process. 
Various adjustm ents of the working specifications had to  be devised to 
ensure th a t penetration of the emulsion, while adequate, did not proceed 
to  such an extent th a t it was able to  run  out underneath the layer of packed 
stone, and thus be wasted. This was, of course, achieved by placing a 
layer of sand below the  stone and, in some cases, of working it up as a slurry 
between the stone, by  rolling. A more economical form of grout was 
devised, usually known as semi-grout, which employed th is slurry of sand 
in such a way th a t it filled approxim ately half the depth of the packed-stone 
layer, the emulsion being used for the  remainder.

These processes—grouting and semi-grouting—continue to  find employ­
ment, even to  this day, and although supplanted on m any of our m ain roads 
by still heavier constructions, due to  th e  high dem and of traffic in recent 
years, grouting and semi-grouting still form a very im portant item  in those 
countries where the road system is being developed, in particular in some of 
the British Colonies.

W hen these processes had become established, a  further development of 
the  m arket took the form of an increased use of cutback bitumens, which, 
to  a certain extent, supplanted emulsion in th e  form of coated stone 
carpets. Then, a t a la ter period, these relatively coarse stone carpets were 
produced with finer gradings, and we now have quite a dem and for what are 
known as fine carpets. These are m aterials of varying composition, but all 
adapted to  present a final running surface w ith either a  sand-paper texture 
or, in some cases, w ith a tex ture  a little rougher th an  this.

Manufacturers of emulsion, therefore, began to  look round for methods 
of entering into this m arket, and emulsions were developed, in the first 
place, for purposes of mixing, in suitable forms of mixer, w ith graded stone 
aggregates, to  yield carpets similar to  those prepared with cutback bitumens. 
I t  is ra ther curious th a t these carpets have never found any great applica­
tion in Great Britain, bu t in other countries, notably  in Germany and also, 
to  a certain extent, in the U nited S tates of America and Canada, premix 
carpets and carpets mixed in  situ  on the road surface have developed to  a 
large extent, and sales of emulsion for th is type of work have extended 
greatly.

These emulsions are, of course, usually of the semi-stable type and, 
although similar in general properties to  th e  labile emulsions which are used 
for surface dressing and grouting, have higher concentrations of emulsifier, 
usually of the soap type, and are thus adapted  to  the  greater mechanical 
strains imposed upon them  in the mixing operations.

Another type of emulsion which has more recently come to  the fore, in 
connection with carpet construction, is a special type adapted  for use as the 
tack  coat which is normally applied to  cause the  fine carpet to  adhere to  the 
existing surface of the road, and to  defeat any tendency there m ay be for the 
carpet to  push under the  roller or traffic. The problem in designing a  tack- 
coat emulsion is th a t it should be capable of being brushed out to  a very high 
rate of coverage w ithout coagulating under the broom. This implies, of 
course, a  certain am ount of mechanical stability, which, however, m ust not 
be excessive, or the emulsion will not break quickly enough in unfavourable 
w eather conditions to  perm it of the superposition of the carpet.



These two types of emulsion, however, have to  yield pride of place, in 
the importance of the quantities sold, to  w hat is known as the  stable type  of 
emulsion. These emulsions are so prepared th a t they, have very high 
stability to  mixing with stone aggregates and usually, though not 
necessarily, there is associated with this high mixing stability  a  high 
chemical stability. They can, in fact, be mixed w ith acids and electrolytes 
in m oderate concentrations, w ithout exhibiting coagulation. The great 
stability  in mixing is used so th a t they m ay be incorporated with aggregates 
consisting largely of fine material. I t  is possible, for instance, to  mix such 
emulsions, under suitable conditions, with soils, fine sands, fillers, or even 
with Portland cement. These emulsions first appeared on the  m arket about 
1928, and were used during th a t year for the preparation of soil/bitum en 
carpets on footpaths, playgrounds, and light-traffic surfaces. I t  is interest­
ing to  note th a t, even a t th a t date, a considerable area of th is type of mix 
was constructed a t Croydon Aerodrome, and th a t th is remained in position 
for quite a few years, until alterations in the airport caused th e  carpet to  be 
abandoned. More recently this type of work, in which the natural soil, 
whatever it m ay be, is mixed with emulsions, with a view to producing 
a low-cost bituminized layer, which m ay form either the  actual running 
carpet, when reinforced with a suitable an ti-a ttrition  layer, or, alternatively, 
m ay be used as the sub-foundation of a  normal road construction, has come 
to  the fore very much in this country, more particularly under the  name of 
“ soil stabilization.” Actually, a  good deal of confusion has, in the  opinion 
of the author, been created by the indiscriminate use of th is term , as between 
this form of bituminous m ixture and the more general work on the  s tudy  of 
soils, which has been carried out by  Terzaghi, Hogentogler, and others. 
This work is largely devoted to  analysing the characteristics of soils and  to  
classifying them  into various types, so th a t methods m ay be deduced 
whereby they  can be rendered more suitable for supporting the actual 
running-carpet construction, which forms th e  useful surface of the road. 
These ideas m ay, of course, be applied quite generally, and th e  load to  be 
supported need not be a traffic load a t all, bu t a standing load, such as the 
weight of a building or other construction.

Now, one of the  problems which has engaged the  a tten tion  of these 
research workers on the stabilization of soil is the fact th a t only a certain 
number of soils are capable of sustaining any considerable load when 
exposed to  the  infiltration of w ater. Many of these soils are perfectly 
suitable a t low w ater contents, bu t if more th an  a certain quan tity  of w ater 
is allowed to  reach them , their bearing capacity falls sharply. If, therefore, 
means can be found to  reduce the  ra te  of infiltration of th e  w ater, certain 
soils, which otherwise would be unsuitable for employm ent to  carry loads, 
except in the best drainage conditions, become more suitable, and th is w ater­
proofing effect m ay be obtained by using bitum inous emulsion of high 
stability and mixing it w ith the soil. This is th e  proper employment of the 
term  “ bitum inous soil stabilization.”

Most of the  work, however, which has been done in this country, and even 
in the U nited States, where the idea has received wide application, is not, 
strictly speaking, of this type a t all, bu t consists in the  employment of th e  
soil as it is, or with the adm ixture of locally obtainable cheap aggregates, 
to  produce a low-cost carpet, which has only to  be finished with a stone
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surface layer, to  be able to  w ithstand a t  any ra te  light traffic. This type  of 
work is better referred to, for the sake of clarity, simply as “ soil m ix.”

The present paper is not one in which the difficulties m et with in the  use 
of bituminous emulsion and soil can be discussed in detail, and for the 
moment all th a t need be said in this connection is th a t, in order to  ensure a 
homogeneous mix of the stable emulsion with the fine aggregate, it is necessary 
to  work in the  presence of sufficient moisture to  give th e  m ixture a  fairly 
dam p consistency, as otherwise, even w ith these very stable emulsions, a 
certain am ount of coagulation occurs, due to the  intensive shearing of the 
disperse bitum en particles by the rubbing action of the aggregate particles in 
the mixing operation. I t  is, therefore, the  practice to  add w ater either to 
the emulsion or to  the soil or to  both, so th a t the  final mix has a consistency 
such th a t, when tam ped lightly, there is a ju st perceptible separation of 
w ater on the surface. I f  more w ater th an  th is is present, no great harm  is 
done from the coagulation point of view, bu t there is obviously the risk th a t 
dilute emulsion will drain  away from the mix w ith the excess of water.

I t  is really quite surprising w hat can be done w ith suitable types of soil 
and very low final percentages of bitum en, when incorporated by the use of 
stable emulsions. W ith an aggregate, for instance, of the  grading shown in
Table IV, a mix completely stable to  prolonged immersion in water may be

T a b l e  IV.
Passing 200 m esh I.M .M .

„  100 „
80 „
70 „

»» *70 ,, , ,

30 „
20 „
10 „ 

r > .

100-0 „

27-3 „  
12-3 „ 
14-4 „
10-7 „
10-6 „

5-3 „
6-7 „ 
6 0

obtained, with the use of only 3 per cent, of bitum en. In  actual fact, a 
portion of such a mix has been allowed to  soak in the  au th o r’s laboratory for 
seven years, and is still quite hard  and difficult to  cut w ith a penknife. 
This represents a particularly favourable soil, b u t w ith other types of soil 
similar degrees of waterproofness m ay be obtained—in some cases, however, 
only with the use of larger percentages of bitumen.

I t  will, of course, be understood th a t although th is degree of mechanical 
stability persists after prolonged immersion in w ater, it is not possible for 
the very limited quantities of bitum en indicated completely to  waterproof 
the mixed m aterial. W hat happens is th a t the infiltration of moisture is 
retarded, bu t th a t a t equilibrium moisture is present to  an  ex ten t approxi­
m ately equal to th a t necessary to  fill the voids in the  m ix ; bu t th a t the 
distribution of the bitum en throughout the mix has been effected to  such’ 
an extent th a t the individual particles are sufficiently bound together, so 
th a t the general cohesion and stability  of the mix are not affected by  the 
presence of the water.

The addition of clay to  mixes of this type is sometimes advocated, bu t 
it  should be stressed th a t, in the case of mixes containing appreciable
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percentages of true clay, the immersion in water of samples is usually 
followed by a pronounced loss of bearing capacity. This is due to  the  fact 
th a t the particle size of the clay is so fine th a t the binding power of the 
bitum en is inevitably small, and the capacity of the mixed m aterial to  
w ithstand the action of water is, therefore, not great. So long as the  mixes 
containing clay are not subjected to  immersion conditions, however, and 
the access of water is only to  a restricted extent, the  great bearing capacity 
which m ay be attained in suitable circumstances, due to  the addition of 
clay, m ay be an advantage. This type of mix, however, would seem not to  
be suited to  conditions where water has to  be reckoned with.

I n d u s t r ia l  S t a b l e  E m u l s io n s .

As has been sta ted  previously in this paper, the bulk of consideration 
has been given to  emulsions designed for road work. There is, however, 
another im portant sphere of use for bituminous emulsions for industrial 
purposes generally. These purposes include the preparation of insulating 
layers for the exclusion of moisture, the formation of compositions involving 
sand, cement, micro-asbestos, and other materials for heat insulation, 
electrical insulation, and similar purposes.

The type of emulsion used mainly for this work is, however, something 
quite different from those we have been discussing heretofore. These 
emulsions are usually prepared employing bentonite or some similar form of 
colloidal clay as the  emulsifier.

Almost any type of bitum en m ay be emulsified w ith a suitable clay, 
provided th a t appropriate conditions are selected. The clay suspension to  
be used as the  emulsifier is normally made up in a concentrated form a t  first, 
containing, for example, 15 per cent, of b en ton ite ; the  resulting high con­
sistency facilitates dispersion of the clay. The suspension, or “ clay slip ” 
as i t  is called, is subsequently diluted to  the required concentration and, 
when necessary, is flocculated to  some ex ten t by  the  addition of an  electro­
lyte. The conditions in any particular instance have to  be determ ined 
empirically, and depend on the properties of the  clay and of the bitum en, 
as well as on the characteristics desired in  the finished emulsion.

The m anufacturing process normally consists in running the  clay slip 
simultaneously with molten bitum en into a suitable form of mixer, which 
already contains some clay emulsion, the  tem peratures being adjusted so 
th a t the emulsion is produced a t  approxim ately the melting point (R. & B.) 
of the  bitumen. For proper dispersion of the bitum en it is necessary to  
m aintain a high consistency of the m aterial in the  mixer, since, to  a very 
large extent, the  emulsion itself is the emulsifying machine. In  these 
circumstances the  bitum en, which is added in a  th in  stream , is drawn out 
into th in  threads in the clay suspension, and ultim ately breaks up into cigar­
shaped particles. The la tte r are stabilized by clay particles concentrated in 
the bitum en/w ater interface, and in a good emulsion retain their shape 
perm anently, owing to  the rigid nature of the clay films. The elongated 
particles characteristic of clay emulsions are shown in Fig. 10 ; the spherical 
particles of a norm al soap type emulsion are shown in Fig. 11.

A rather p re tty  dem onstration of the  rigid character of the stabilizing clay 
films m ay be seen under the  microscope if soap solution is added to  a clay
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emulsion, and the treated  emulsion kep t under observation over a  sufficient 
period. The added soap displaces the clay from the bitum en/w ater in ter­
face, replacing the rigid clay film by a non-rigid stabilizing film of soap, and 
then, as a  result of interfacial tension forces, the  elongated bitum en particles 
are slowly drawn up into spherical globules.

As m anufactured, the  clay emulsions are thixotropic pastes containing 
50-60 per cent, of bitumen. They are extrem ely stable to  mechanical and 
chemical forces, and do not coagulate on drying until practically the  whole 
of the  w ater has been evaporated. The residual films obtained from the 
emulsions reta in  the clay emulsifier as a  kind of skeleton structure, which 
prevents flowing of the bitum en under heat. A surprising resistance to  flow 
can be developed, and it is possible to  heat such a  film until ignition of the 
bitum en occurs, w ithout flow taking place. This property renders the 
emulsions particularly valuable for the application of anti-corrosive coatings 
to  metal or other surfaces, and for the  waterproofing of all kinds of 
structures.

Owing to  their high stability, clay emulsions can be added directly to the 
paper pulp for the  m anufacture of bituminized paper, thus eliminating a 
second impregnating process, and they find a considerable application in the 
production of w aterproof wrappings, carton boards, panel board, etc. In 
conjunction w ith cement, aggregates, and a variety  of fillers, they  provide 
mastics and waterproof compositions for roofing and flooring.

The space a t our disposal does not perm it of more th an  this very brief 
sum m ary of the purposes for which bitum inous emulsions are used, but 
sufficient has been said to  indicate the  wide field which has been opened up.

C o n c l u s io n .

The general purpose of this paper has been to  show the progress of the 
bituminous emulsion industry and of the emulsions themselves, from the 
beginnings, which were purely empirical, to  the position to-day, where it 
m ay be claimed th a t the industry  is on a sound, scientific basis and the 
products are produced by precision-controlled methods. The emulsions, 
even in the early days, were found to  have a wide field of u tility , and the 
difficulties which had to  be overcome were m ainly those encountered in 
exceptional circumstances of application, or where the  demands placed upon 
the finished products were exceptionally heavy. Owing to  the increased 
knowledge of the  constitution and behaviour of these emulsions, even these 
exceptional circumstances m ay now be dealt w ith with a great degree of 
success and, in fact, it  m ay be said th a t bitum inous emulsions are 
standardized to  a degree certainly equal to  th a t of any other product sold in 
equal bulk.

Concomitant w ith th is development, a sound position has been built up 
in respect to  specifications with which all products of this type are required 
to comply. The labile type of emulsion for surface-dressing and grouting 
is dealt with in B ritish Standards Specification No. 434-1935 and this 
specification is specially noteworthy, in th a t it contains a first test for per­
formance. This is the Lability Test, and although, in itself, the  Lability 
Test is no t a complete guide to  performance, in th a t it deals only w ith the 
set of the emulsion due to  evaporation and mechanical disturbance, never­
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theless this is a good beginning. The bituminous emulsion industry  has 
formed, from its principal members, the  R oad Emulsion and Cold B itu ­
minous Roads Association, L td., and m any of the  technical advances which 
have taken place can be traced to the activities of the Technical Com­
m ittee of th a t body. Technical co-operation between the various members 
of the  industry is assured, thus providing the maximum degree of assistance 
and co-operation w ith the consumer, coupled with the beneficial effect of 
competition between the different m anufacturers, to  secure a satisfactory 
ra te  of technical and economic progress.

I t  is not often th a t it  is possible to  survey, in  so limited a period, the 
growth from the very beginning to  the fully equipped industry, of an 
industrial development of the degree of importance which has been assumed 
by the bituminous emulsion industry, and it is therefore hoped th a t the 
account which has been presented in this paper m ay he not only interesting 
to those in the industry, bu t also to  the wider public constituted by the 
membership of the Institu te  of Petroleum.

The author is greatly indebted to  his colleague, Mr. W. L. Peard, B.Sc., 
to  whom much of the experimental work referred to  is due, for his assistance 
in the preparation of this paper.
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THE RELATIVE VOLATILITY OF PETROLEUM 
FRACTIONS.*

By R. E d g e w o rth -Jo h n s to n e , M.Sc., M.I.Chem.E., F.I.C.

I n designing fractionating columns for complex m ixtures by  methods 
such as th a t of Underwood, 1> 2 it  is necessary to  know the relative volatility 
of adjacent narrow fractions. The relative volatility  of two substances 
a t any tem perature is the ratio of their vapour pressures a t  th a t tem per­
ature. In  the case of petroleum fractions, vapour pressures may be 
interpolated from a Cox or similar chart and the relative volatility thus 
calculated. Most vapour-pressure charts are based on data  for pure 
hydrocarbons.

An empirical relation has been found whereby the relative volatility is 
obtained directly from the absolute tem perature and the atmospheric 
boiling points of the components. Correlated on th is basis the relative 
volatilities of pure hydrocarbons lie approxim ately on a single curve.

The relation is :—
rr  2   rp  2

Log, a =  115 b 2TZ a- ...................................... (1)

rV 2   rp 2

or : Log10 a =  2-50 b y2 .................................(2)

Where :—
a =  relative volatility of component A  w ith respect to  component 

B  a t absolute tem perature T,

T a, T b =  absolute boiling-points of A  and B  a t atmospheric pressure, 
T a being the lower (in the case of narrow petroleum  fractions, 

the average boiling points).

Temperatures m ay be expressed either in degrees Kelvin (Centigrade -f- 
273) or Rankine (Fahrenheit -(- -160).

In  arriving a t this expression, relative volatilities were calculated for 
various combinations of twenty-one hydrocarbons, including normal 
paraffins, isoparaffins, cycZoparaffins, arom atics and a few olefins. Vapour 
pressures were taken from Rechenberg,3 P e r ry 4 and the International 
Critical Tables. The lowest-boiling hydrocarbon included was propylene, 
b. p. —47° C .; the highest, hexadecane, b. p. 287-5° C. The pairs chosen 
consisted of hydrocarbons both of the same group and of different groups. 
The relative volatility of each pair was calculated a t several tem peratures. 
These ranged from tem peratures corresponding to  vapour pressures of 
10-20 mm. up to or near the critical tem perature of the  lower-boiling 
component when data  for the la tte r region were available.

The correlation obtained is shown in Fig. 1, in which log a is plotted 
against (Tb2 — 7Ta2)/2T2. N inety points are represented, although all are

* P ap er received 19th M ay, 1939.
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not visible, owing to  overlapping. The greatest deviations from the average 
curve occur a t  very low vapour pressures, near the critical tem perature, 
or a t high values of the relative volatility.

At tem peratures equal to or near the arithm etic mean of the atmospheric 
boiling points of the components [(Tb T a)/2T  =  TO], equation (1) 
reduces to the simpler form :

Logf a =  11-5
T (3)
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This expression, with a slightly different constant, can be derived from 
the Clausius-Clapeyron equation and Trouton’s rule.

Let :
Pay Pb =  Vapour pressure of components A  and B  a t absolute

tem perature T.
M a, M b =  Molecular weights of A  and B.
Pay Pb =  L atent heats of vaporization of A  and B  a t  their respective

boiling points.
P  =  Gas constant (heat units) =  1-986.
Ta, T b, a are as defined above.



Integration of the Clausius-Clapeyron equation for component A, 
assuming constant molal heat of vaporization, gives :

__ M a La < T - T a 
L° g f ~ J? T T a

Combining this with T routon’s rule, M a L a\T a =  22 :

T „  P  22  - T  -  T 'L°ge * a rp

A similar equation is obtained for component B. I f  it be assumed that 
the latent heats of vaporization remain substantially  constant over the 
range of tem perature from T a to  T h, then the two equations may be 
combined, whence :

t  P a -  ?2 T b - T a
ge P b R  T

T 1 1 1  P 'b  ~  'P aor Loge a =  I I  I  ^ —

The assumption regarding constant la ten t heats of vaporization evidently 
cannot hold for tem peratures far removed from the atmospheric boiling 
points of the components, and equation (3) is then considerably in error. 
To secure correlation under these conditions it was found necessary to 
introduce the empirical factor (Tb +  Ta)/2T, giving equation (1).

In  petroleum distillation calculations involving complex mixtures of 
hydrocarbons, the range of relative volatilities and vapour pressures is 
normally much less wide than  th a t represented in Fig. 1. For narrow 
fractions it is believed th a t equation (1) or (2) will be found to give a 
satisfactory degree of approxim ation to  the relative volatility under all 
practical conditions.
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AN ACCELERATED OXIDATION TEST FOR OILS.*

By W. F r a n c is , M.Sc., Ph.D ., F.I.C ., and K. R. G a r r e t t , B.Sc.

S u m m a r y .

The various modifications of th e  Michie sludging te s t th a t  are in  use for 
measuring the oxidizability  of an  oil a re  difficult and  laborious m ethods.
A new m ethod for determ ining th e  ox id izab ility  of oil is described, using a  
solution of alkaline potassium  perm anganate  under s tan d ard  conditions 
as oxidizing agent. The whole determ ina tion  can  be carried  o u t in  a  few hours 
with a simple appara tus and  th e  resu lts  ob tained  on a  nu m b er of d ifferent 
types of oil appear to  be capable of correlation  w ith  th e  behaviour of these  
oils in practice. N ot only can th e  ox id izab ility  of new oils be determ ined  b u t 
the sta te  of oxidation of an  old oil can  read ily  be  ascertained  b y  th e  new  
method. The experim ental conditions can  be modified to  increase or 
decrease the severity of oxidation so as to  discrim inate m ore read ily  betw een 
oils of similar oxidizability a t  e ither end of th e  scale.

T h e  authors have recently pointed out the unsatisfactory nature  of the 
existing standard methods for the chemical exam ination of lubricating oils, 
particularly in their application to  the measurement of the changes occurring 
in such oils under operating conditions. In  an endeavour to  improve 
matters it has been suggested th a t the standard  methods should be modified, 
and followed by determining the oxidized groupings appearing in the oil 
during oxidation.

These methods are of value in measuring the effect of oxidation, and 
especially the rate of deterioration of oils in practice. I t  is, however, of 
greater advantage to  be able to  anticipate the course of events by the 
evaluation of the liability of oils to  oxidation. The authors’ atten tion  has 
now been focused on the measurement of th is property.

The oxidizability of oils is usually measured by the Michie te s t 2 or 
modifications of it. The general procedure is to  pass air a t a  standard  ra te  
through a standard volume of oil in which is placed a strip  of clean copper 
foil. The whole is m aintained a t a  constant tem perature, and the sludge 
formation, change in viscosity, or carbon residue is measured and assumed 
to give an indication of the tendency to  sludge. In  the standard  tests of the
B.E.I.R.A., the I.P .T . or the B.S.I. (loc. cit.) the ra te  of flow of air is two 
litres per hour, the tem perature of the  oil is 150° C., and the duration is 
45 hr. The sludge formation is estim ated by weighing the insoluble m atter 
produced by the addition of petroleum spirit. In  the British Air Ministry 
modification the rate of flow is 15 litres per hour, the tem perature is 200° C. 
and the duration of heating two periods of 6 hr. on consecutive days. The 
increase in viscosity or carbon residue value before and after oxidation is 
taken as an index of the oxidizability of the oil.

I t  is apparent th a t these tests are difficult and tedious to  carry out, and 
the errors in the determ ination of the  extent of change in the oils are 
relatively large.

Because of the success obtained by one of the authors 3 in the parallel

* P aper received 27 th  F eb ru ary , 1939.
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problem of determining the oxidizability of coal by means of its reactivity 
towards alkaline potassium perm anganate solution under standard condi­
tions, it was decided to explore the possibility of adapting this procedure 
to the determination of the oxidizability of oils. The problem differs from 
th a t of determining the reactivity  of coal m ainly because the available 
surface of interaction of a given weight of coal is determ ined by the size, 
shape, and uniformity of the coal particles, whereas with oil, which floats 
on the surface of alkaline perm anganate, th e  available surface is the surface 
area of the aqueous solution. The rate of oxidation of oil depends on the 
weight of oil taken, its oxidizability, the interfacial area between the oil 
and alkaline permanganate, the tem perature, the ra te  of diffusion of the 
oxidation products of the oil from the interfacial surface, and the concen­
tration of alkaline perm anganate a t the interfacial surface. Since the 
authors are a t the moment interested only in obtaining an index for the 
oxidizability of an oil, this can be done by fixing the factors arbitrarily 
in a manner capable of giving a significant reproducible numerical value 
to this property for the range of oils under examination.

After a preliminary investigation regarding the effect of the  above factors 
on the results, three methods a t different tem peratures were tried out.

(1) Samples of a turbine oil after varying periods of service were taken 
and 10 gm. of each were weighed into standard  sized 600 ml. beakers; 
100 ml. of A-potassium perm anganate (containing 31-8 gm. per litre) and 
25 ml. of A-caustic soda were added. After allowing to  stand for 72 hr. at 
laboratory tem perature (approximately 20° C.), the contents were filtered 
under suction through a  frittered  glass filter (25.G.3). The filtrate was then 
warmed to 60° C., acidified with sulphuric acid, and titra ted  rapidly against 
A-oxalic acid in the usual manner. A blank tes t was carried out with 
permanganate and caustic soda alone under the above conditions.

(2) 10 gm. of each of the above oils were weighed into th in  glass bulbs 
of capacity approximately 15 ml. Each bulb was broken by dropping it 
into a round-bottomed flask of capacity 4 litres : 50 ml. of A-caustic soda 
and 200 ml. of A-potassium  perm anganate were added. The flask was 
attached to a  Liebig condenser, by means of a ground-glass joint, and the 
contents were boiled as quietly as possible for 50 min. The solution was 
filtered and titra ted  as in (1).

(3) 20 gm. of each of the above oils were weighed into standard-sized 
flat-bottomed litre flasks and 40 ml. of A -caustic soda added, followed by 
150 ml. of A-potassium perm anganate. Each flask wras then placed on a 
boiling w ater-bath for 2 hr. The tem perature of the  solution during this 
period remained approxim ately constant a t 95° 0. The am ount of perman­
ganate used was estim ated as above.

The results obtained by the above three methods are given in Table I.
The results are comparable, in th a t the oils are arranged in the same order 

of oxidizability. While it is considered th a t m ethod ( 1 ) is the most accurate 
under our experimental conditions, the tim e taken is too long for a routine 
test. Method (2) gives significant results in the shortest time, and tempera­
ture control is simplified. U nfortunately, however, the  reaction is violent 
with highly oxidizable oils, and severe bumping m ay alter the interacting 
surface area to  an indeterm inate am ount.

Method (3) is a  compromise, in th a t the reaction proceeds quietly, and so
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ensures a constant interfacial surface, whilst the tim e required is considerably 
shortened compared with method (1) a t atmospheric tem perature. For 
extreme accuracy, of course, the  tem perature of the solution should be 
controlled by a therm ostat a t 95° C.

T a b l e  I .

m l. o f N -potassium  perm an g an a te  used.

Stage of 
Oxidation.

1. A fter stand ing  
for 76 h r. a t  
laborato ry  

tem pera tu re.

2. Boiling for 
50 m in.

3. H eatin g  to  
95° C. quiescently  

for 2 hr.

New Turbine Oil 0-5 2-4 2-3
I. 4-3 13-4 11-0
2. 11-9 35-0 13 6
3. 12-1 46-0 20-9
4. 14-8 47-9 28-3
5. 17-5

• 51-0 35-6

I t  is important to  titra te  as rapidly as possible, after acidifying the 
permanganate, bec-anse the acid perm anganate is unstable in the presence of 
any remaining reducing m atter left behind in highly oxidizable oils.

The authors advocate method (3) under controlled tem perature conditions 
as a standard for normal lubricating and insulating oils. The num ber of 
mLs. of normal permanganate used under these conditions is called the 
“ permanganate number,” and this is used as an index of oxidizability. 
To obtain this for extremely reactive oils, which would decompose all the 
permanganate under the standard conditions, less oil or more perm anganate 
may be taken. I t  is sufficient, in such cases, to  record the  perm anganate 
number as being greater than  150.

Table II  contains the results of the  exam ination of a num ber of oils by 
the standard method, and compares the perm anganate member w ith the 
Ramsbottom coke test before and after oxidation by the Mic-hie m ethod.

As would be expected, the  perm anganate num ber decreases w ith increased 
refining. With highly refined mineral oils the  perm anganate num ber is 
about 2, and with oils from the same source, bu t no t so highly refined, 
about 16. I  egetable oils decompose all the perm anganate, being more 
reactive and more liable to  sludge than  mineral lubricating or insulating oiLs.

I t  is interesting to  observe th a t some of the products produced by the 
deterioration of turbine oils in practice are much more oxidizable than  the 
oils themselves. Thus, some of the solid sludge removed from a centrifuge 
used to clarify such oils, reacted so readily w ith alkaline perm anganate 
under standard conditions th a t all the perm anganate was used up before the 
end of the experiment. On repeating, using only 1 gm. of sludge, 72 ml. 
of permanganate were decomposed. Moreover, some of th e  oxidation 
products removed by alcoholic extraction from a used oil, of acidity 
425 mgm. KOH/lOO gm. oil and perm anganate num ber 120, were rem ark­
ably reactive towards perm anganate. U nder standard  conditions of 
oxidation, but using 0-1 gm. of th is resinous m aterial, 85 ml. of perm anganate 
v ere decomposed. The perm anganate num ber of the extracted  oil was only
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Table II.

Oil. D escription.
P erm an ­
ganate

no.

R am sbottom .

Before
oxida­
tion.

After
oxida­
tion.

Olive oil. Vegetable oil, h igh sludg­
ing properties.

>150

Castor oil. Vegetable oil, high sludg­
ing properties.

>150

Low-grade American. L igh t s tra ig h t m ineral oil 
used for d ilu ting  cu ttin g  
oils and  flushing.

171 0-33 3-4

Low-grade American 
coastal.

M edium oil used  for b e a r­
ings an d  m achinery.

150

Low-grade American. General purpose heavy  
lubricating  oil.

• 14-2 0-33 3-4

M id-continent Am erican 
dewaxed.

General purpose lu b ric a t­
ing oil and  tu rb ines.

3 0 013 1-8

South American, highly 
refined by  selective sol­
ven t process.

Low sludging properties. 
Cylinder, gearboxes, etc.

2-9 017 0-77

American high-grade, se­
lective solvent process.

Turbines, bearings, etc. 2-7 011 117

M id-continent Am erican, 
highly refined, distilled 
and acid trea tm en t.

Turbines, general lu b rica ­
tion .

2-3 0-14 1-3

American high-grade. H ydrau lic  couplings, etc. 1-9 011 1-28

Transform er, N aphthene 
base.

G rade A.30. 1-3

Transform er, N aphthene 
base.

G rade B.30. 2-5

Transform er, N aphthene 
base.

Grade B.O. 4-8

14-6, showing th a t the alcohol-soluble products were responsible for the bulk 
of the reaction with perm anganate. Consequently, if all the oxidation 
products obtained in service rem ain in an oil, the  determ ination of the 
permanganate number appears to  be a measure of the degree of oxidation 
th a t has occurred.

Unfortunately, from the point of view of checking th is point, normal 
practice is to remove sludge or emulsions from turbine oils by the regular 
use of a centrifuge. Water-soluble products are constantly being removed 
from the system, and if the rate  of removal of insoluble products is greater 
than the rate of formation, the perm anganate num ber of the residual oil
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will not rise after equilibrium has been reached, and it  m ay even fall. This 
is, in fact, what has occurred with the turbine oils shown in Table I I I .

Table III.

Approx. no. of 
months in service.

Perm anganate
no.

m l. o f gas a t  N .T .P . 
lib e ra ted  b y  

G rignard  reagen t.

A cidity , m gms. 
KO H/lOO gm . oil.

0 2-3 2-0 0
4 110 9-7 8-9
7 13-6 12-8 15-9
9 20-9 17-7 34-7

11 24-7 2 1 0 45-3
15 27-3 22-4 64-9
19 33-7 24-4 711
22 35-6 241 711
29 311 21-5 65-0

The permanganate number, reactiv ity  towards Grignard reagent, and 
acidity are compared over a period of 29 m onths in service. During the 
first nineteen months the values of all three increased correspondingly, and 
then remained fairly constant for the next three months. After this period 
a slight decrease in all three occurred over a period of seven months.

The behaviour of a highly refined oil, containing an inhibitor, is also of 
interest. The new oil gave a perm anganate num ber of 4-4, the  inhibitor 
itself being mainly responsible for this small reactivity. After three years 
service the permanganate number was only 4-1, which suggests th a t little  
oxidation had occurred, but th a t some of the inhibitor had been lost. This 
is confirmed by the Grignard reaction,1 in which the am ount of gas liberated 
from the new oil was 2-3 ml. and from the  used oil 1-3 ml. The appearance 
and usual tests on the oil confirmed the  absence of any m arked degree of 
oxidation; the acidity, for example, only reaching the value of 5 mgm. 
KOH/lOO gm. oil during this period.

The authors feel justified in concluding th a t the standard  m ethod described 
above gives a measure not only of the relative oxidizability of new oils, bu t 
also the extent to which an oil has deteriorated in service. I t  is offered as 
an additional method for the examination of oils in the hope th a t it will be 
helpful where further evidence on oxidation is required or where a  rap id  
determination of oxidizability is desired.

References.
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A NEW LABORATORY METHOD FOR RATING 
AVIATION FUELS OF HIGH OCTANE NUMBER.

By R. S t a n s f i e l d ,  A.M .Inst.C.E., M .Inst.Pet., and H. B. T a y l o r ,
A.E.R.Ae.S.

It has been recognized for some years th a t laboratory ratings of aviation 
fuels are unsatisfactory with existing equipm ent and technique, and many 
attem pts have been made to  improve correlation w ith aero-engine be­
haviour. The problem has been complicated because of lack of really 
satisfactory means for examining full-scale performance as regards detona­
tion, and opinion differs sharply on the relative m erits of various proposals 
for full-scale knock testing, upon the results of which any laboratory 
test must be based.

The first tentative standard m ethod adopted for fuels to  meet British 
Air Ministry specifications was the outcome of tests in single-cylinder 
aero-engine units, knock being determ ined under conditions of maximum 
economy and for fuels of lower octane num ber th an  now prevail. The 
laboratory method based on these results depended on the use of the C.F.R. 
engine running under Motor Method conditions, except th a t the mixture 
temperature was adjusted to  260° F. instead of 300°. As the use of 87 
and 100 octane-number fuels became more im portant i t  was found that an 
increase of mixture tem perature to  the  Motor Method value was desirable, 
and alteration to  this method has recently been recommended by the 
Knock Rating Panel of the In stitu te  of Petroleum.

This change is no t considered to  be a  complete answer to  the correlation 
problem, as it is known th a t fuels of equal knock rating under cruising 
conditions may differ considerably when the  engine is running under more 
highly supercharged and rich-m ixture take-off conditions where mixture 
strength is used for limiting detonation.

I t  is not intended here to  give a complete sum m ary of the several pro­
posals for improved ratings, bu t it  is notable th a t practically  every attempt 
has been influenced by the assum ption th a t lack of correlation with the 
C.F.R. engine is due very largely to  the great dissim ilarity between this 
unit and an aero-engine cylinder. Thus the tes t engine has been modified 
by altering cylinder dimensions to  perm it an aluminium piston to be used at 
high rotational speeds, with or w ithout increase of jacket temperature; 
supercharging has been provided for, and the valve system and carburettor 
have been altered to give greater breathing capacity ; the bouncing pin 
has been replaced by a tem perature plug, or a  piezo-electric indicating unit, 
and even audibility methods have been used according to  the ideas of the 
experimenters concerned. British and some Continental work has been 
influenced largely by the results of single-cylinder aero-engine tests under 
rich-mixture conditions, while American developments appear to he 
directed more by full-scale engine tests in which the tem perature rise of 
suitably placed thermocouples is assumed to  be the  criterion of failure, 
although pre-ignition and other factors have also received attention.

Ihe  development work leading to  the m ethod to  be suggested is based
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on two premises : first, th a t any fuel m ust exceed a  definite minimum 
anti-knock value appropriate for its class when used under lean-mixture 
cruising conditions, and, secondly, th a t it  m ust exceed a second minimum 
when used under rich m ixture conditions appropriate for take-off, the two 
minima not necessarily being the same in term s of the reference fuels 
adopted. Only data from a full-scale British-designed aero engine of large 
cylinder capacity have been considered, bu t there does not seem to be 
any valid reason why more than  minor modifications should be needed to 
give correlation for other im portant aero-engine types.
^ Development of the m ethod started  from two assumptions : that the 
Motor Method, itself a weak-mixture te s t and, so far as our present in­
formation goes, agreeing with aero-engine weak-m ixture ratings, should be 
fairly readily capable of alteration to  suit rich-m ixture conditions, and that 
instrumentation, such as provided by the bouncing pin, the temperature 
plug, or oscillograph pressure diagrams, was unsuitable. The latter 
assumptions were made as a result of a series of instrumentation tests 
carried out some two years ago in connection w ith the rating of motor 
fuels. Figs. 1, 2 and 3 are reproductions of oscillographs showing the 
rate of change of pressure in a C.F.R. engine under smooth running, fight 
knock, and heavy knock conditions, respectively. The bouncing pin cannot 
respond to the knock of Fig. 2, because the ra te  of pressure rise of the general 
combustion is greater than  th a t of the knock effect a t the point of measure­
ment. I t  may not respond even to  the knock of Fig. 3 if the engine is 
being run at a high compression ratio, because then  the  pre-knock rate of 
pressure rise may be great enough to  throw the pin away from control of the 
diaphragm before the knock itself takes place. This does not mean 
tha t reproducible ratings cannot be obtained, b u t they will be influenced 
by the general combustion process before the  knock, and not by the knock 
itself, and will therefore often be false.

These and other considerations led to  the decision to  use a cathode-ray 
oscillograph and an indicating un it showing ra te  of change of pressure 
diagrams, and to take as the measure of knock the height of the first wave 
of the detonation, the maximum observed height in a minute being re­
corded, and the mean of three such observations giving the required knock 
intensity.

Since absolute height of the detonation w’ave on the oscillogram can be 
affected by very small alterations to  engine condition, even though com­
pression ratio, m ixture tem perature, m ixture strength, and running speed 
be held constant, the usual m ethod of comparison against secondary 
standard fuel blends has been adopted. For example, if a  series of 87- 
octane-number fuels is being tested, each fuel is compared for peak height of 
detonation wave with the height given under identical running conditions 
by a blend of C and F secondary reference fuels, and the  rating is first 
given as a knock ratio. Thus if an 87-octane-number blend of C and F 
gives a height of 3 in. and a sample a height of 2 in., the sample is rated as 
having a knock ratio of 0-67. These ratios m ay be converted into equiva­
lent octane numbers by testing a series of C and F  blends which cover the 
required range.

big. 4 shows the results of a comprehensive set of tests made on several 
fuels ranging from 87 to  91 octane num ber Motor Method, and the full-
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scale behaviour of which was known in an im portan t design of air-cooled 
engine under both weak- and rich-m ixture conditions. Considering the 
curve for fuel A, this sample was run through a je t-type flow-meter to  the

M R X . K N O C K . M IX T U R E . S T R E N G T H .

F ig . 4.

C.F.R. engine, and the m ixture strength adjusted  to  give m axim um  knock 
as measured by the height of the detonation  wave of th e  oscillogram. 
The mixture tem perature was m aintained a t  300° F . and the speed a t 900 
r.p.m., as for Motor Method testing. The compression ratio  was adjusted



so th a t the detonation wave was about the same height as th a t of the pre­
knock pressure rise, although the setting is no t critical.  ̂ After determining 
the mean of three separate observations of the  maxima occurring in a 
minute, a similar test was made on a 91-0-octane-number blend of C and F. 
The height ratio was 1-35, which is the starting  point of the curve for fuel 
A. The other samples were all tested similarly against 9T0-octane-number 
reference blend, and it was found th a t the knock-ratio ratings agreed in 
order very closely with the Motor Method ratings, and they are therefore 
appropriate for the aero engine under weak-m ixture conditions.

The fuel flows for maximum knock were recorded and a mean value was 
determined for all the fuels. From th is mean value were calculated the 
flow-meter readings required to  give 25 per cent., 35 per cent, and 45 per 
cent, rich mixtures, the richness figures being nom inal in so far as no account 
was taken of possible small changes of volum etric efficiency under the rich- 
mixture test conditions. The fuel flows were made equal by volume, as 
this was found to give slightly better agreem ent th an  control on a weight 
basis.

Each fuel was then tested in  comparison w ith th e  91-0-octane-number 
blend of C and F  a t the 25 per cent, rich m ixture, the compression ratio 
being raised to obtain about the same height of detonation wave for the 
C and F  blend as used for the weak-m ixture tests. Some of the fuels 
depreciated, whilst others appreciated, and tests a t the  still richer mixture 
further spread the relative ratings. A t 45 per cent, rich the compression 
ratio for the poorer fuels had to  be kept below th a t used for the better fuels, 
to prevent unduly heavy knocking. I t  was established, however, that 
relative ratings were not affected by the necessary small alterations of 
ratio, and thus the working conditions are no t critical.

A test of one fuel a t  55 per cent, rich resulted in  a m arked increase of 
knock ratio. I t  was noted th a t running was then  very erratic, and it is 
probable th a t a state of incipient pre-ignition had been reached, possibly 
one which could have been alleviated by reduction of knock intensity. 
Investigation of this aspect of the m ethod has no t been completed, as it 
occurs beyond the m ixture strength required for correlation.

Although the Motor Method octane num bers of the samples tested varied 
only between about 87 and 91, the spread under the 45 per cent, rich 
conditions was about 15 octane num bers as determ ined by tests on ap­
propriate blends of C and F  a t this strength. The knock ratio depends, of 
course, on the secondary reference fuels used, “ C ” and tetraethyl lead 
giving entirely different ratios, bu t rating all fuels in relatively the same 
order.

Fig. 5 shows the knock ratios a t 45 per cent, rich p lotted  against ratings 
made on the aero engine under take-off conditions, and agreement is within 
the accuracy of the aero engine tests themselves. Ratios for 40 per cent, 
are indicated by the dotted line.

The samples examined include paraffinic, naphthenic, and aromatic 
types, all with T.E.L. in am ounts varying from 21 to  4 ml. per Imp. Gall.

Should further work confirm -the suitability  of th is type of test, the speci­
fication for knock testing of an aviation fuel wrould include a minimum 
octane number blend of specified secondary reference fuels which it must 
match under weak-mixture conditions, and a second minimum number for
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a match at, say, 45 per cent. rich. W eak-mixture ratings could probably 
be determined better by rating a t a definite engine power drop below opti­
mum, rather than at a rather flatly defined m axim um  knock, although such

M B X I M U M  TR K g  - O F F  B M  g . P  

W I T H  I N C I P I E N T  K N O C K .

F i g . 5 .

technique requires a dynam om eter for load absorption, or the use of 
•C. generator with which the  speed falls w ith fall of engine output, 

r  the examples given in Fig. 4 the  specification m ight be 11 no t les



than 87 octane weak ” and “ not less th an  95 octane a t 45 per cent, rich,” 
the latter corresponding to a knock ratio  of no t more than  0-55 in terms of 
the 91-octane blend of C and F  under th e  te s t conditions from which Fig. 
4 was obtained. Such a specification would be m et by  fuels A, E, G and H.

In  common with the Motor Method of tests for automobile fuels, the 
proposed method is not assumed to  reproduce actual engine conditions. 
I t  is a laboratory device which makes use of an existing engine with only 
simple modifications and easily obtained instrum entation, and no claim is 
made th a t it can be extended further than  to  obtain suitable correlation 
with aero-engine fuel ratings under cruising and take-off conditions.

The authors wish to thank  the Chairman of the Anglo-Iranian Oil Co. 
for permission to publish the results of the C.F.R. experimental work 
described, and which was carried out in the Company’s research laboratory 
at Sunbury.

N o t e .

Since the above was w ritten further research has been carried out in 
connection with the method described, and correlation between rich mix­
ture ratings on full scale engines and the  rich m ixture C.F.R. ratings has 
been shown to exist for 100 octane fuels w ith about the  same accuracy as 
for the 87 octane number range.

The C.F.R. engine has been adjusted to  run  with a 19° fixed spark advance 
and with the inlet air heated to  150° F. the m ixture being then heated in 
the usual manner to  give a m ixture tem perature of 300° F. on a reference 
fuel under the appropriate m ixture strength conditions, the heat input 
required for this being m aintained constant for all fuels tested under the 
same conditions. The carburettor has been modified, the  throttle plate 
being removed and a properly shaped venturi added which includes the 
jet and which gives about the  same volumetric efficiency as when running 
without venturi or th ro ttle  plate. The flowmeter system and adjustable 
orifice control have been redesigned. The shrouded inlet valve has been 
retained as it improves stability, while the unshrouded valve gives no 
greater test range.

Modified as described, the engine is suitable for testing fuels a t mixture 
strengths up to 45% rich a t least up to  the equivalent of F  plus 2 ml. 
T.E.L./Imp. gal. w ithout supercharge. R ecent ratings have been expressed 
in terms of the matching blend of C and F  with 2 ml. T.E.L./Imp. gal. 
required to give the same height of detonation wave on the oscillogram 
as the sample when used a t the same m ixture strength. This selection of 
reference fuels covers the entire commercial range from 87 octane number 
upwards.
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Geophysics.
849. Care and M aintenance of Seism ic Exploration Instrum ents. E. C. Stuedle.
Oil W kly, 29.5.39, 93 (12), 23.—In s tru m e n t up-keep em braces : (o) norm al care which 
is or should be given to  in stru m en ts  by  th e  field personnel in  th e ir  daily w ork; (b) 
additional care which m ay be supplied  by  specially tra in ed  personnel detailed for this 
p u rp o se ; (c) m ethods by  which obsolescence a n d  run-dow n condition of instruments 
m ay be minim ized ; (d) factors of design which affect m ain tenance ; (e) general benefits 
derivable from a  system atic m aintenance program m e.

Field conditions profoundly affect th e  problem . F orem ost am ongst routine care 
duties come cleanliness and  lubrication . T he sp ring  ad ju s tm en t of seismometers is 
im portant w ith  regard  to  record character, a n d  a tte n tio n  m u st be paid  to  damping. 
Good light-sources and  clean m irrors help tow ards good photographic  records.

The various item s of electrical equ ipm ent in  th e  tru c k  require a  certain  amount of 
looking after. I n  cold w eather m oistu re  is a p t to  condense on th e  m etal parts and 
cause trouble. These effects can be m inim ized by keeping th e  in terio r of the truck 
warm  a t  n ight. The com plete equ ipm en t m ay  include fifty  or s ix ty  vacuum tube 
circuits, and  th u s  a  m ulti-purpose m eter is desirable, w hich m ay  be used as an ohm- 
m eter of various ranges, as a  D.C.—A.C. v o ltm ete r an d  m illiam m eter, and  as a condenser - 
tester. A tu b e-tes ter is also of some value. F acilities should  be provided for testing 
the  geophone cables, and  all tem porary  splices o r repairs m ade in  th e  field should be 
placed in good order before th e  n e x t d ay  of field work.

Three diagram s show th e  developm ent of seism ic in s tru m e n ts  during  the past few 
years.

A system atic program m e of inspection  an d  m ain tenance  is essential. An instrument 
inspector should be in general charge of th e  in s tru m e n ta l equ ipm ent of the  company. 
H is duties are outlined . In s tru m en ta l design a n d  th e  lay o u t of equipm ent should 
have regard to  field conditions. G. D. H.

850. Preliminary M icrom agnetic Survey of the E ola Structure. W . P . Jenny. Oil
W kly, 29.5.39, 93 (12), 34-35.—T he s tru c tu ra l in te rp re ta tio n  show n on an accompany­
ing m ap takes in to  consideration  a  regional increase in  th e  m agnetic  in tensity  which is 
due to  down-dip th ickening of th e  m agnetic  W ilcox section. The interpretation 
has been sub stan tia ted  by drilling.

I n  th e  Gulf Coast area i t  appears th a t  th e  Lower Miocene ac ts  as th e  m ain magnetic 
s tra tum . In  South-w est Texas th e  m agnetic  m ethod  is credited  w ith  the  discovery 
of a  num ber of oil-fields, an d  ran k s am ong th e  generally  accepted  geological tools.

I t  is probable th a t  in  th e  near fu tu re  accu ra te  regional m agnetic surveys will be 
accepted as a highly effective reconnaissance m eth o d  u n d er a lm ost any geological 
conditions, and  th a t  a  deta iled  m icrom agnetic  m ap of a  prospect will be considered 
one of th e  essentials bofore locations a re  m ade for w ildcats as well as extensions to 
proved fields. G. D. H.

851. Geothermal Gradients in Californian W ells. R . W . French. Oil O asJ., 27.4.39, 
3 7  (50), 43.—-Oil-well tem pera tu res based  on tru e  geo therm al g rad ien ts are im p o r ta n t
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for reservoir con ten t stud ies. Geological corre lation  is possible a t  tim es, an d  su b ­
terranean w ater m ovem ents have been de tected  th ereb y . T he tran s ie n t tem pera tu res 
in wells affect m ud  perform ance an d  sta b ility , an d  also th e  chem ical trea tm en t of 
wells ; they  ind ica te  th e  progress of cem en ta tion  an d  th e  position  of cem ent, and  are 
significant w ith  regard  to  th e  therm odynam ic  analysis of flow-tube design an d  th e  use 
of phase-equibria tables.

Maximum registering m ercury  therm om eters an d  resistance therm om eters are 
commonly used, th e  la t te r  being  th e  m ore accu rate  an d  sa tisfac to ry . O ther typ es are 
employed. Curves a re  given w hich show th e  d is to rtio n  effects on  th e  th erm al g rad ien t 
due to  m ud circulation  an d  production , an ti which pe rm it th e  location of cem ent. 
Tables give th e  approx im ate  d e p th  of th e  175° F . isogeotherm  in th e  Californian 
fields, and  th e  tem p era tu res a t  th e  b o tto m s of deep wells in  some C alifornian fields.

G. D. H .

852. Structures in  Sparta - WUcox Trend D isclosed by M agnetics. W . M. B arre t. 
Oil IVkly, 15.5.39, 93 (10), 42-43.— R ecent re su lts  show th a t  th e  m agnetom etrie  
method m ay be well su ited  for disclosing an tic linal s tru c tu re s  in  th e  S parta-W ilcox  
trend. The m ethod  is capable of covering large areas rap id ly  a t a com paratively  
low cost. In  th is  area, because of th e  feeble m agnetic  p roperties of th e  surface 
m aterials, deeper m agnetic  effects are n o t m asked, w h ilst th e  basem ent rocks are so 
deep th a t their m agnetic effects do n o t in terfere  w ith  th e  anom alies traceab le  to  fold­
ing in th e  sedim entary section. T he W ilcox is  th e  shallow est lithological u n it  in  th e  
trend which carries appreciable q u a n titie s  of m agnetic  m ateria l. Because of i ts  
great thickness an d  properties, th e  p rincipal m agnetic  anom alies of local areal ex ten t 
are probably due to  folding of th e  W ilcox.

In  the  Cheneyville and  E ola fields th e  p resen t o il-producing areas are em braced by 
closed contours which represen t m agnetic  “  h ighs ” o r m axim a.

Experience shows th a t  anom alous h o rizo n tal-in tensity  m easurem ents, in  ad d ition  
to vertieal-intensity  d a ta , are needed in  d e term in ing  th e  p a tte rn  of th e  s tru c tu re .

The Sparta-W ilcox tren d  m ay  cover 25,000,000 acres, of which only a t in y  frac tion  
will enclose W ilcox s tru c tu re s  of economic im portance . 10,000 acres/day  can  be 
covered w ith  1 \  m l. spaced m agnetom eter s ta tio n s , which are considered sufficient for 
locating pronounced W ilcox s tru c tu re s . T h is w ill cost less th a n  2 cents/acre.

G. D. H .

853. Geological Mapping from  the Air. L . D esjard ins a n d  S. G. How er. Oil Gas J
11.5.39, 37 (52), 44.—-The trac in g  of ou tcropp ing  beds is now being done stereoscopically 
with far greater facility  th a n  th e  equ ivalen t ta s k  can  be accom plished in th e  field by 
the usual plane tab le  procedure. In d iv id u a l beds p resen t in  th e  stereoscopic m odel 
definite characteristics b y  w hich th e y  m ay  be recognized a n d  traced . T he com m onest 
criterion is th e  change in  slope w hich th ey  produce. Scarps w hich in  th e  field are 
vague, or because of perspective lose th e ir  id e n tity  to  an  observer, are traced  easily 
with the aid of a  stereoscope. T he vertica l interv al betw een beds is also characteris tic , 
and helpful in  obscure patches. C orrelation is facilita ted . W ith  colour pho tography  
it may be possible to  add  such criteria  as soil an d  vegeta tional colours. T he location 
and type of vegetation are significant.

Highly accurate topographical m aps can  be produced from  aerial p h o to g rap h s by 
mechanical m eans. M any of th e  in s tru m e n ts  fo r th is  pu rpose are expensive an d  
cumbersome, b u t th e  a u th o rs  have developed a  techn ique  w hich requ ires only  a 
Zeiss Pocket stereoscope. Allowance m u st be m ade for t i l t ,  an d  w ith  p ractice , th is  
can be done w ithou t in s tru m en ta l a id  w ith  sufficient accuracy for m ost geological 
purposes.

From  the  geological ou tcrops an d  th e  topograph ica l con tours , th e  s tru c tu ra l contours 
can be constructed . G. D. H .

Drilling.
854. Thixotropy and its Industrial Applications. H . F reundlich . Chem. d- In d ., 
1939, 58, 469—470.— In  some cases (sols of oxides) th ix o tro p y  m ay  be considered as 
the first stages of coagulation, in  o th e r cases (e.g., ben to n ite  suspensions) th ix o tro p y  
is closely related to  th e  h y d ra tio n  of th e  particles.
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An interesting application  of th ix o tro p y  is in  petro leum  drilling m ud. Some 
drilling m uds cause trouble by  se ttlin g  to  a  b a rd  cake, a  th ixo trop ic  m ud forms a 
soft gel which is readily re-liquefied.

Pain ts p rin ting  inks, an d  certa in  honeys afford in d u stria l exam ples of thixotropy.
T. C. G. T.

855. Drilling Patents. J- J- Jakosky . U .S .P . 2,150,169, 14.3.39. Appl. 9.3.37. A
m ethod for determ ining v a ria tions in  an  electrical p ro p e rty  of th e  s tra ta  a t different 
depths.

F. J . H inderliter. U.S.P. 2,150,221, 14.3.39. A ppl. 15.7.35. R o ta ry  tool joint.

R. C. Baker. U .S.P. 2,150,311, 14.3.39. A ppl. 12.12.38. W ash-down and
cementing shoe for well casings.

G. Trem olada. U .S.P. 2,150,529, 14.3.39. A ppl. 14.7.37. R o ta ry  swivel.

R. A. Mueller and  R . Sm ith . U .S.P. 2,150,887, 14.3.39. Appl. 13.1.36. Method 
and apparatus for com pleting h igh-pressure wells.

J . Suth. U .S.P. 2,151,057, 21.3.39. Appl. 7.10.36. H y d rau lic  lift for the boom 
of a portable well drilling rig.

R. P. Fisher. U .S.P. 2,151,347 an d  2,151,348, 21.3.39. A ppl. 14.2.38 and 13.4.38. 
R otary drilling b it.

J . A. Zublin. U .S.P. 2,151,544, 21.3.39. A ppl. 21.3.39. Composite bit for 
wells.

P. Subkow and L. Dillon. U .S.P. 2,151,646, 21.3.39. Appl. 28.6.38. A drilling 
mechanism enabling th e  b i t  to  be ro ta te d  a t  a  speed g rea te r th a n  th a t  of the stem 
and a clutch to  enable th e  b i t  to  be locked a n d  so ro ta te  a t  th e  same speed as the 
drill stem.

C. A. Baker. U .S.P. 2,152,341, 28.3.39. A ppl. 25.4.36. Core catcher.
L. V. W. C.

Production.
856. Production Patents. N.V. de B ataafsche P e tro leum  Mij. E .P . 506,904,
6.6.39. Appl. 29.12.38. Process of sealing a n d /o r solidifying w ater bearing strata 
by causing a solution of a sp h a lt b itum en  in  an  organic solvent or m ix tures of solvents 
which are completely miscible w ith  th e  w a ter a t  th e  tem p era tu re  of th e  s tra ta  to be 
treated , to  penetrate  in to  th e  s tra ta . W . S. E. C.

L. F. Lam b. U .S.P. 2,150,228, 14.3.39. A ppl. 31.8.36. W ell packer.

R. C. Baker. U .S.P. 2,150,310, 14.3.39. A ppl. 12.13.38. P rotective housing
for deep well packers.

C. C. Taylor. U .S.P. 2,150,406, 14.3.39. Appl. 22.4.36. W ell cleaner, consisting 
of two swabs encircling a tu b in g  s tr in g  a n d  m eans to  m ove th e  swabs in opposite 
directions w ith respect to  th e  casing by m ovem ent of th e  tub ing .

J . P. Black. U .S.P. 2,151,416, 21.3.39. A ppl. 3.5.38. Perforation  cleaner
having a num ber of wire bristles a round  th e  periphery .

J . A. Em erson. U .S.P. 2,151,588, 21.3.39. A ppl. 28.6.37. Deep-well pump.

O. A. Brown. U .S.P. 2,151,681, 28.3.39. Appl. 5.6.34. Casing perforator of
the mechanical type.

H. C. Y arbrough. U .S.P. 2,152,008, 28.3.39. A ppl. 24.11.32. Mechanical
easing perforator.

B. P. W ininger. U .S.P. 2,152,298, 28.3.39. A ppl. 24.8.38. Connector for bailers 
and sand piunps. p  y .  W. C.



ABSTRACTS. 291 A

Crude Petroleum.
857. Hydrogen Sulphide in Ishim baevo Crude. V. G. P lu sn in , E . A. N ikonova and  
S. S. Spasski. N eft. Khoz., F eb ru ary  1939, 20 (2), 46-49.— I t  has been found th a t  
Ishimbaevo and  K rasnokam sk  (upper horizon) crudes con ta in  dissolved hydrogen 
sulphide. O ther su lp h u r crudes, however— for in stan ce  Chussov, Sam arskaya L uka 
and Krasnokam sk (lower horizon) crude— do n o t con tain  hydrogen sulphide.

In  the first four of th e  above-m entioned crudes fo rm ation  of pyrogenetic  hydrogen 
sulphide s ta r ts  a t  tem p era tu res  in  th e  ne ighbourhood  of 200° C., an d  only w ith  
Krasnokamsk (lower horizon) crude a t a b o u t 300° C.

Ishimbaevo crude, during  non-destructive  d is tilla tio n , liberates g reat qu an titie s 
(up to  7 kg. per 1 to n  crude) of pyrogenetic  hydrogen su lphide. A t 300° C., hydrogen 
sulphide form ation is a lm ost finished w ith in  1 h r. A t 350° C., pyrogenetic  hydrogen 
sulphide is form ed from  elem entary  su lp h u r and  su lp h u r com pounds of th e  d isu lphide 
type.

Up to  68% of th e  pyrogenetic  hydrogen sulphide liberated  a t  low tem pera tu res 
from Ishim baevo crude is form ed from  su lp h u r com pounds con ta ined  in th e  asphalt- 
bitum inous fractions, an d  only  32%  from  those  of th e  kerosine-lubricating  oil fractions.

L. R .

858. Examination of K usyapkulov Crude. E . A. K azm ina. N eft. Khoz., A p ril-  
May, 1939, 20 (4-5), 58-60.— The K usyapku lov  field is s itu a te d  in  th e  B ashk ir R epublic 
of the U.S.S.R. on th e  rig h t b an k  of th e  B yelaya river, n o t far from  S terlitam ak .

Kusyapkulov crude differs from  o th e r crudes of th e  S terlitam ak  rayon  by i ts  h igher 
specific gravity , viscosity , a n d  C onradson coke, an d  also b y  i ts  considerably h igher 
contents of asphaltenes, resinous substances, an d  sulphur.

Distillation of th e  crude resu lted  in  : 16%  gasoline—ligroine frac tions (I.B .P .
200° C.), 22% kerosine fractions (200-300° C.), 31%  gas-oil an d  lubricating-oil fractions, 
and 31% bitum en residue.

The gasoline, ligroine, a n d  kerosine frac tions have  high  su lp h u r contents. The 
lubricating-oil fractions have a  re la tive ly  h igh  specific g rav ity , a h igh  pour p o in t, 
and high sulphur con ten ts. T he residual oil is a  h igh-quality  road b itum en  (Russ. 
Standard No. I I I ) .  L. R .

859. Patent on Crude Oil. C. M. B lair, J r .  U .S.P. 2,159,312 an d  U .S .P . 2,159,313,
23.5.39. Appl. 13.12.37. B reaking n a tu ra lly  occurring  o il-in-w ater em ulsions from 
crude petroleum  using as em ulsifier glue an d  calcium  chloride. W . S. E . C.

Gas.
860. Dangerous Gases in D istillation  and R efining Processes. E . Le Q. H erb ert. 
J. Inst. Petrol., 1939, 25, 323-346.—-A paper, w ith  tw en ty -n in e  references, which 
discusses th e  effects of th e  various gases an d  so lven t vapours th a t  m ay  be encountered 
in a petroleum  refinery’ an d  th e  p recau tio n a ry  m eans th a t  a re  ad o p ted . G. R . N.

861. Protection against D angerous Gases in the Operation of Cracking U nits. E . J .  M.
Tait. J . Inst. Petrol., 1939, 25, 347-355.— Gas produced  in  th e  c racking operation  
is discussed under th e  item s, gas-m asks, d raw ing sam ples, pum p-houses, trenches, 
sumps, etc., pressure relief, d rop  o u t an d  d ra in  lines, clean o u ts  a n d  repairs, furnaces 
corrosion, and  safety  in s tru c tio n s . G. R . N.

862. Detection of Gas in Field and Refinery in Iran. A nglo-Iran ian  Oil Co. J .
Inst. Petrol., 1939. 25, 356-358.— T he m ethods em ployed for th e  de tectio n  of hy’drogen 
sulphide and  su lp h u r d ioxide by  th e  A ng lo -Iran ian  Oil Co. a re  described.

G. R . N.

863. Safety of Electrical Apparatus for U se in  Inflam m able Gases and Vapours. C. B.,
P la tt. J . Inst. Petrol., 1939, 25, 368-376.— A rep o rt, w hich deals w ith  design of bells, 
telephones, and  lam ps, which are in trin sica lly  safe for use  in a tm ospheres co n ta in in g
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petroleum  vapours. The difference betw een in trin sically  safe electric apparatus and 
flame proof enclosures is indicated . G. R. N.

864 Flame Arrestors. i 1. H . R adier. J . In st. Petrol., 1939, 25, 377—381.—The
“ gravel box ” type of flame a rresto r is described. G. R. N.

865. Physiological Effects of Toxic Gases and Vapours. T. M cClurkin. J . Inst. 
Petrol., 1939, 25, 382-391.—A paper in  tw o p a r ts , th e  first dealing w ith  those gases 
and vapours likely to  be encountered  in  th e  pe tro leum  in d u stry , and  th e  second with
a group of o ther toxic gases and vapours. G. R. N.

866. Detection of Toxic Gases in Industry. R . B. V allender. J .  Inst. Petrol., 1939, 
25, 392-409.—A com prehensive paper on  in d u s tria l gases w ith  p articu lar reference 
to their effects on th e  health  of th e  w orker an d  to  th e  m ethods th a t  can be employed 
for their detection. G. R. N.

867. Detection of Toxic Gases and Vapours in Industry. R . B. Vallender. Chem. 
and Ind., 1939, 58, 330-333.— The sense of sm ell an d  th e  behaviour of animals are 
both unreliable as general m ethods for d e tectin g  th e  presence of traces of toxic gases 
in industrial atm ospheres. The need for sim ple, rap id , sem i-quantitative tests, 
sensitive to  very low concentrations of gases an d  vapours, is po in ted  out, and the 
suitability  of existing m ethods of gas d e te rm ination  discussed.

A series of colorim etric te s ts  have been developed, a n d  those  for detecting  hydrogen 
sulphide, hydrogen cyanide, arsine, su lp h u r dioxide, phosgene, n itro u s  fumes, chlorine, 
carbon disulphide, aniline, benzine, carbon m onoxide, an d  chlorinated  hydrocarbons 
are described. Lead ace ta te  paper is used  for H 2S, H 2S 0 4 contain ing  formalin for 
C0HS, iodine pentoxide or palladium  chloride for CO, w h ils t th e  halide lamp, which 
produces a green flame in  th e  presence of halide, is u sed  for ch lorinated  hydrocarbons. 
Pam phlets describing th e  te s ts  are to  be issued b y  H.M . S tationery  Office on behalf 
of the  D .S.I.R . " T. C. G. T.

868. Handling of Petroleum  Spirit and Solvents. F. N. H arrap . J . Inst. Petrol., 
1939, 25, 359-367.—A sum m arized account of th e  various p recau tions taken by the 
petroleum industry  and  its  custom ers aga in st th e  va rio u s risks a ttach ed  to  the handling 
of toxic gases. G. R. N.

869. Vertical Retorts with Continuous W ater Gas Production. A. T hau. Oel u. Kohle, 
1939, 15, 419-425.—By far th e  m ost w idespread ty p e  of gas-producing oven is the 
vertical r e to r t ; a table is given show ing th e  increasing  production  from Dessauer 
vertical re to rts from th e ir in troduction  in  1906 to  an  o u tp u t of 16 million cubic metres 
daily in  1938 (in Germ any). More recen t developm ents include independent con­
tinuous water-gas producers w hich can be connected  in  series w ith  coke-ovens to 
give gas of the  desired calorific value. A n o u tline  is given of recent developments 
in production th a t  have been m ade by th e  lead ing  G erm an gas concerns.

T. T. D.

870. Thylox Process for the Recovery of Sulphur from  Gases containing Hydrogen 
Sulphide. G. E. Foxwell and  A. G rounds. Chem. & In d .,  1939, 58, 163- 170.—The
Thylox process is reviewed. The process m ay  be o p erated  to  rem ove 100% of the 
H„S in industrial gases, b u t th e  au th o rs  consider th a t  th e  m o st economical procedure 
is to  remove 98% of th e  sulphide by th e  T hylox process a n d  th e  rem aining 2%  by use 
of oxide catch-boxes.

The Thylox process depends on th e  ab so rp tio n  of H 2S by am m onium  thioarsenate 
solution, and the  regeneration of th e  h igher th io a rsen ate , so form ed, by oxidation 
with the liberation of su lphur. The process m ay  be represen ted  :—

Absorption : (NH4)3A s0 2S2 + H 2S =  (N H 4)3AsOS., +  H 20
Regeneration : (NH4)3AsOS3 +  J 0 2 =  (N H 4)3A s 0 2S2 +  S.

Ih e  process is finding favour even in  cou n tries like Ja p a n  an d  America, w h ic h  have 
natural supplies of sulphur.
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Among the exam ples quo ted  of p la n t op era tin g  is one which rem oves 99-99% of 
the H ,S from a gas con ta in ing  410 gra ins of H ,S  per 100 cu. f t., an d  represen ting  an- 
absorption of 4£ to n s  of H 2S p er day.

The Thylox process also rem oves HCN.
The economies of th e  process an d  th e  uses of th e  su lp h u r p roduced are outlined.

T. C. G. T .

871. Gassing Accidents. S. H . W ilkes an d  D . M atheson. Chem. dt- In d ., 1939, 
5 8 ,316-323.—The au tho rs , as H .M . E ngineering Insp ec to rs  of Factories, receive reports 
on all factory accidents, a n d  in  m an y  cases tak e  a  d irect p a r t  in  th e  subsequen t in ­
vestigations. I n  th is  pap er th ey  in d ica te  how an d  where gassing accidents have 
occurred during  recen t years, an d  th e  s tep s tak en  to  p rev en t them . The m edical 
aspect and  th e  ap p ara tu s b o th  for b rea th in g  an d  for te s tin g  poisoned a tm ospheres 
are no t discussed.

Gassing accidents over th e  period  1932-37 are tab u la ted . I n  1937, of 196 rep o rted  
accidents, 92 were due to  carbon  m onoxide, a n d  of these  37 were connected  w ith  b la s t­
furnaces. Of o th er tox ic  gases, chlorine accounted  for 19 cases, trich lo rethy lene  7, 
benzol 4, petro l an d  benzine 1, an d  b itu m en , creosote, oil, an d  t a r  for 1.

A warning is stressed to  those  recovering solvents by  d is tilla tion . The d istilla te  
should no t be received in  a  w orkroom , an d , to  ensu re  adeq u a te  cooling from  th e  
start of th e  d is tilla tion , th e  con tro l for s ta r tin g  th e  h ea t should  be locked to  th e  
condensing w ater-contro l valve. T . C. G. T .

872. Patents on Gas. G. B udan . E .P . 504,579, 27.4.39. Appl. 10.1.38. Device 
for determ ining th e  co n ten ts  of poisonous gases in  a ir, e.g., w ar gases, which are n o t 
physically perceptible.

T. D. Kelly. E .P . 504,751, 1.5.39. Appl. 1.11.37. C ondensing hydrocarbon  
gases and vapours for storage a n d  tran sp o rt purposes in  light-w eight containers using  
low pressure, by  m eans of ab so rben ts su rrounded  by  solid CO, an d  arrang ing  for th e  
circulation of cold a ir  th ro u g h  a n d  a ro u n d  th e  condensing vessels.

H. Dreyfus. E .P . 505,121, 5.5.39. A ppl. 6.11.37. M anufacture  of hydrocarbons 
and their oxygen-containing deriva tives from  CO and  H , a t high  tem pera tu res using  
as catalyst Co prom oted w ith  th o ria .

W. H . W alton . E .P . 505,302, 9.5.39. Appl. 10.3.38. A p p ara tu s for detecting , 
indicating, or recording th e  presence of inflam m able gas in  m ines of th e  ty p e  in  which 
the catalytic action  a t  th e  surface of a n  e lectrically-heated  P t  o r P t alloy filam ent, 
causes a change in  tem p era tu re  of th e  filam ent.

Oldham & Sons, L td ., an d  H . H o lt, J r .  E .P . 505,565, 11.5.39. Appl. 11.11.37. 
Apparatus for use in  d e tectin g  inflam m able gas a n d /o r vapour.

G. L. M ateer an d  W . H . R u p p . U .S .P . 2,157,343, 9.5.39. A ppl. 18.9.36. Process 
of recovering gasoline from  hydrocarbon  gas m ix tu res.

F. E. Frey. U .S .P . 2,159,434, 23.5.39. A ppl. 27.6.36. Separation  of isobu tene 
from butene-2 b y  passing  th e  hydrocarbon  m ix tu re  con ta in ing  butene-2  an d  ¡isobutene 
past one side of a ru b b er m em brane w hen th e  butene-2  dissolves in  and  passes th rough  
more readily th an  th e  isobutene. T he gases con ta in ing  butene-2 in  a  m ore concen­
tra ted  s ta te  are th e n  rem oved from  th e  opposite  side of th e  m em brane.

W . S. E . C.
See also A bstract Xo. 948.

Cracking.
873. Effect of Gravity of Oil on Cracking P lant Costs. W . L. X elson. Oil Gas J ..
6.4.39, 37 (47), 55.—T he re la tio n  betw een th e  equ ipm en t cost a n d  p ro fitab ility  of 
three cracking p lan ts  of capacity  1500 brl. p er d ay  of reduced crude an d  th e  g rav ity  
of their in takes (213, 24°, a n d  273 A .P .I., respectively) is discussed. L ow -gravity  
intakes produce less gas-oil, so th a t  sm aller c rack ing  u n its  a re  requ ired . A d iagram
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illustrates th e  to ta l cost an d  break-up  in to  m ateria l, labour, overhead, and profit 
for reduced crude of different g rav ities . F o r 1500-brl. p lan ts  operating on 21°, 24°, 
and 27J A .P.I. reduced crude, th e  to ta l cost is given as §195,049, §203,310, and 
§206,643, and  th e  profit in cen ts p er b arre l charge as 10-9, 6-6, an d  2-7, respectively. 
For each of th e  above p lan ts  to  m ake a  profit of §60,000 p er year i t  would be necessary 
to obtain reduced crude a t  50, 51, and  52 cen ts per barre l, respectively, and in order 
to make any profit, th e  raw  gasoline m u s t be evaluated  a t  3-39 c., 3-67 c., and 3-88 c. 
per gallon, instead of th e  4 c. tak en  in  th e  p rev ious estim ates. The break-up cost of 
a 1500-brl.-per-day cracking u n it  is given as : p ipe s till, stack , etc., 25-2% ; fractionat­
ing tower and  shell vessels, 8-3% ; h ea t exchangers, 1-7% ; condensers and coolers, 
7-4%; pum ps, 8-8% ; pum p-house an d  instrum ent-room , 1-2% ; pipe, valves, and 
fittings. 12-2% ; instrum ents, etc ., 3-2% ; u tilitie s , 0-9%, tools, etc., 0-6% ; super­
vision and operation, 2-8% ; d rafting , 1-7% ; insurance, liab ility , etc., 4-5% ; over­
head and profit 21-0%. C. L. G.

874. Safety in the D esign, Construction, and M aintenance of Combination Cracking 
Units. C. W . Nofsinger an d  J .  V. H ightow er. Refiner, 1939, 18, 73 and 123.— 
Safety records in  th e  petroleum -refining in d u stry  disclose, over th e  last decade, a 
m arked decline in  th e  ra te  of accidents a n d  fa ta litie s . T he above authors give a 
comprehensive general discussion on th e  progress in  th e  evolution  of safety measures 
as directed tow ards th e  in sta lla tion  of a  com bination  cracking u n it  under safety in 
design, pum p installations, p ro tec tion  of p ipe, contro l in stru m en ts , electrical equip­
ment problems, safety in  construction , h o istin g  m achinery , maintenance, and 
instrum ents. G. R. N.

875. Use of a Salt-Rem oval Drum  to R educe Corrosion. J .  C. Albright. Petrol 
Engr, May 1939, 10 (6), 80.—The in sta lla tio n  of a  salt-rem oval d rum  between the 
charge pum p and  th e  m ain  frac tiona ting  colum n of a  crack ing  p lan t v irtually  eliminated 
corrosion in th e  p lan t. The oil charge is h ea ted  an d  m ixed w ith  a  controlled amount 
of w ater to  dissolve th e  sa lt, b leating  of th e  m ix tu re  b reaks th e  oil film surrounding 
the  salt crystals. The operation  of h ea ting , m ix ing  an d  se ttlin g  is autom atic when 
the proper balance has been established. T he cost of th e  operation  is more than 
offset by th e  saving in  th e  life of th e  equ ipm ent. R. J. E.

876. Patents on Cracking. H oudry  Process Corp. E .P . 505,368, 9.5.39. Appl.
9.11.37. Production of m otor fuel by  cata ly tic  cracking an d  pyrolysis of hydrocarbons 
of wide boiling range. The cracking an d  py ro lysis a re  carried  out in independent 
stages and th e  p roducts blended from bo th  stages.

Universal Oil P roducts Co. E .P . 506,849, 6.6.39. A ppl. 1.2.38. Reforming of 
hydrocarbon-oil d istillates of th e  gasoline boiling range, accom panied by thermal 
trea tm en t of relatively high-boiling norm ally  gaseous hydrocarbons, including propene 
and/or butenes, for th e  production  of h igh  y ields of gasoline of controlled vapour 
pressure and good anti-knock value.

C. C. Chaffee. U .S.P. 2,158,353, 16.5.39. Appl. 19.4.35. Production of motor 
fuel by a combined process of cracking and  polym erization  of high-boiling normally 
liquid hydrocarbons and  norm ally gaseous hydrocarbons.

W. T. Hancock. U .S.P. 2,158,365, 16.5.39. Appl. 4.3.38. Oil-refining system 
in which cracking stock is p reh ea ted  below cracking tem p era tu re  and cracked and 
then  followed by fractionation.

V. Voorhees. U .S.P. 2,160,239, 30.5.39. Appl. 10.7.34. A pp ara tu s for the heat 
treatm ent of hydrocarbons consisting  of a  com bustion  cham ber in  which the hydro­
carbons are rapidly raised to  high tem p era tu res  by  heat-exchange relation  w ith molten 
material.

H. E. Drennan. U .S.P. 2,160,249, 30.5.39. A ppl. 25.7.36. P r o c e s s  of increasing 
the anti knock qualities of hydrocarbons boiling in  th e  gasoline range by contacting 
them  in the  vapour phaso a t  500-1500° F . w ith  gypsum  a t  a flow ra te  to  cause only 
a m inor am ount of cracking. ' W. S. E. C.

See also A bstract No. 923.
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Hydrogenation.
877. Liquid-Phase H ydrogenation of Pittsburgh Seam Coal. L. L. H irst an d  o thers. 
Irulustr. Engng chem., 1939, 31 (7), 869.— Q u a n tita tiv e  procedures for th e  hy d ro ­
genation assay of A m erican coals have  been developed. T h is w ork involved th e  
perfection of m echanical equ ipm en t for con tinuous operation  of th e  experim ental 
plant and th e  developm ent of re la tive ly  sim ple an d  accurate  q u an tita tiv e  tes ts . 
All the work rep o rted  was carried  o u t on P ittsb u rg h  seam  coal from  th e  B ureau of 
Mines experim ental m ine a t  B ruceton , P ennsy lvan ia . A ssay w ork on th is  coal has 
been completed. F u r th e r  m odifications which have been found necessary for the  
smooth operation  of th e  p lan t are  reported . D a ta  are p resen ted  concerning th e  
effect of varying tem p era tu re , co n tac t tim e, pressure, an d  hydrogen recirculation 
rate.

The assay com prised d e te rm in a tio n  of th e  op tim um  conditions in  liquid-phase 
hydrogenation for th e  m axim um  yield  of a  “ m iddle ” oil consisten t w ith  th e  complete 
regeneration of th e  vehicle used  in  m aking  p as te  w ith  th e  original coal.

For B ruceton coal th e  o p tim um  conditions found were, tem pera tu re  400° C., pressure 
200-300 atm ospheres, 2-75 h r. co n tac t tim e, an d  hydrogen c ircu la tion  ra te  100 cu. 
ft. per hour (m easured a t  20° C. an d  760 m m. pressure). U nder these  conditions a 
yield of 66%  of “  m iddle ” oil (contain ing  20%  boiling in  th e  gasoline range and 
80% boiling below 330° C.), an d  20-25%  of hydrocarbon gases (m ethane-bu tane) is 
obtained in  a single p ass th ro u g h  th e  converter. The loss 9-14%  consists of 6 -8%  
of unreacted carbonaceous m ate ria l (fusain an d  opaque a tt r i tu s )  and  3 -6%  of oxygen, 
nitrogen, and  su lp h u r hy d ro g en ated  to  w ater, am m onia, an d  hydrogen sulphide. 
The “ middle ” oil con ta ins 15-18%  of t a r  acids an d  from  3 to  5%  of ta r  bases, and  
the rem aining n eu tra l oil con ta in s 6 -8 %  d efines, 67- 70%  arom atics, and  22-27%  
saturated  hydrocarbons. H . E . T.

878. Patents on H ydrogenation. G. W . Jo h nson . E .P . 504,349, 19.4.39. Appl.
19.10.37. Process for low -tem perature  carbonization  or d is tilla tio n  of carbonaceous 
residues contain ing  oil an d  solids such as are form ed in th e  destructive  hydrogenation  
of coal-tars or m ineral oils, in  a  ro ta tin g  d ru m  supplied  w ith  filler bodies.

P. M areeaux. U .S.P. 2,159,281, 23.5.39. Appl. 26.5.36. H ydrogenation  of 
carbonaceous substances co n ta in ing  su lp h u r in  th e  presence of a ca ta ly st ad ap ted  to  
transform  carbonaceous com pounds in to  carbonaceous p roducts of lower boiling 
point. The m ix tu re  is sub jected  d u rin g  hydrogenation  to  th e  action  of an  absorbing 
substance ad ap ted  to  absorb  H 2S so as to  keep th e  H 2S con ten t of th e  m ix tu re  betw een 
0 1 %  and  1%.

M. Pier, W . Sim on an d  P . Jaco b . U .S .P . 2,159,511, 23.5.39. Appl. 9.1.35. 
Hydrogenation of carbonaceous substances heav ier th a n  gasoline in  th e  presence of 
metal sulphide ca ta ly s ts  p repared  from  th io  sa lts . W . S. E . C.

Polymerization.
879. Thermal Poly Process Adapted to Sm all Gasoline P lant. A non. (Sum m ary 
of Paper by  D. M. W ilson to  N a t. Gas Assoc.). N a t. Petrol. News, 17.5.39, 31 (20), 
R. 194—R . 202.— A sm all th e rm al po lym eriza tion  p la n t has been  in  operation  for some 
time, producing 17,000 gals, po lym er gasoline from  40,000 gals, b u tan e  daily . The 
plant is typical of those designed for in sta lla tio n  a t  n a tu ra l gasoline p lan ts. Cost and  
yield figures in com parison w ith  th ose  p e rta in in g  to  tw o larger p lan ts  are presented.

880. Midget Polym erization U nits. W . B. Shanley  an d  G. Egloff. Oil G asJ.,,18.5.39, 
38 (1), 116.—-A selection of five o u t of th e  fifty  U .O .P . ca ta ly tic  polym erization u n its  
in commercial operation , u n d er design or u n d er constru c tio n , has been stud ied  from 
the point of view of differences in  c rack ing  stock , effect of com bination  topp ing  and  
cracking, v a ria tio n  of olefin co n ten t of gases (19-41% ) an d  size of p lan t (125,000 
cu. ft. to  800,000 cu. ft. p e r  diem ).
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W hile th e  to ta l cracked gases m ay  be polym erized, th e  stabilizer gas represents 
only one-third of th e  to ta l  volume, b u t  con ta ins tw o-th irds of th e  polymerizable 
hydrocarbons. However, owing to  th e  lower olefin con ten t of the  to ta l gas, it is 
sim pler to  control th e  tem p era tu re  in th e  cata lyst-bed , which falls as the  activity of 
the  catalyst decreases. A ca ta ly st life of over 70 gals, per lb. has been attained, 
3870 lb. being an  average figure. T he u tilitie s  requ ired  for a  u n it  processing 500,000 
cu. ft. of gas are : fuel 650,000 B .Th.U . pe r h r., w ater 4000 gals, per hour, process 
steam  550 lb. per hour, an d  com pressor pow er 35 h.p.

W here th e  su lphur con ten t of th e  polym er gasoline is im p o rtan t, H 2S should be 
removed from th e  in take, as i t  reac ts w ith  olefins to  give m ercaptans. As a rule a 
su lphur content of 0-3-0-4%  in  th e  polym er gasoline is perm issible, and th is may be 
obtained by trea tm en t w ith  stro n g  caustic  so lu tion  or by  th e  U .O.P. copper-sweetening 
process.

Olefin conversions am ount to  85-95% , th e  ¿sobutene polym erizing rapidly, butene 
2 less so, and  butene 1 w ith  some difficulty. Sufficient C4 fraction  is retained in the 
polym er gasoline to  give a  vap o u r p ressure  of 18-8—30-9 lb.

The effect of catalyst-bed  tem p era tu re  is show n by  a  tab le  in  which an olefin con­
version of 95% a t  452° F . is reduced to  76-5% a t  406° F .

In  two of th e  u n its  th e  percentage conversion of ind iv idua l hydrocarbons was : 
ethylene 44%  an d  35% , propene 89%  an d  98% , b u ten e  1 and  2, 71% and 92%, and 
isobutene 92-3% and  94% . Deep stab iliza tio n  of cracked gasoline is recommended 
in  order to  release th e  m axim um  q u a n tity  of b u ten es for polym erization, and allow 
the m axim um  q u an tity  of un reac ted  b u tan e  to  be re ta in ed  in  th e  polygasoline. The 
end-point of th e  gasoline varies w ith  th e  a c tiv ity  of th e  ca ta ly st, b u t is fairly easy to 
control.

In  the  case of a reform ing u n it  p roducing 76%  of 70 O.N. gasoline the  yield was 
increased to  84%  and  th e  O.N. by 1-5 to  2, on  th e  a d d itio n  of a polymer plant, the 
blended gasoline showing, however, an  actu a l road -ra tin g  equivalent to  75 O.N.

Several m idget iso-octane p lan ts  are u n d er co n struction , operating on butane- 
bu tane from th e  stabilizer, which is cau stic -trea ted  before processing and selectively 
polymerized a t  700 lb. and  260-325° F . The crude polym er is distilled  to  give 90- 
95% of an  ¡so-octenes frac tion  of 85-5 O.N., th e  fso-octenes being hydrogenated at 
75 lb. and  325° F. in th e  presence of a  nickel c a ta ly s t, y ield ing  m ixed iso-octanes of 
95 O.N. The bottom s m ay be hydrogenated  to  give safe ty  av ia tion  fuel. At present 
m idget iso-octane p lan ts  are uneconom ic in  th e  U.S.A. a lth o u g h  required in other 
countries. They also represen t a  valuable p o ten tia l source of fu rth er supplies of 
aviation fuel. C. L. G.

881. Patents on Polym erization. S tan d ard  T elephones & Cables, L td ., and S. G. 
Foord. E .P . 504,765, 1.5.39. Appl. 24.12.37. M ethod of stabilizing  styrene against 
fu rther polym erization.

H oudry  Process Corp. E .P . 505,369, 9.5.39. A ppl. 9.11.37. Process of poly­
m erization of hydrocarbon gases con tain ing  olefines an d  cracking or dehydrogenation 
of gases to  produce olefines capable of polym erization .

V. N. Ipa tieff an d  R. E . Schaad. U .S .P . 2,157,208, 9.5.38. Appl. 20.9.37. Poly­
m erization ca ta ly st for th e  po lym erization  of norm ally-gaseous olefines present in 
cracked gas m ixtures. The ca ta ly s t is p repared  by m ixing tetra-phosphoric acid and 
a siliceous adsorbent and  calcining th e  re su lta n t m ix ture .

H . C. Schutt. U .S.P. 2,157,220, 9.5.39. A ppl. 26.3.34. M otor fuel prepared by 
blending a stabilized m otor fuel co n ta in in g  cracked an d  polym erized distillates.

C .R . W agner. U.S.P. 2,157,224, 9.5.39. Appl. 21.4.33. Process of simultaneously 
polymerizing hydrocarbon gases rich in  olefines an d  reform ing naphtha.

C. R. W agner. U .S.P. 2,157,225, 9.5.39. Appl. 21.4.33. Polym erization of gases 
rich in olefines a t  850-1100° F . an d  u n d er 500-2000 lb ./sq . in . pressure in a t  least three 
stages, th e  second and th ird  stages being a t  lower p ressures th an  th e  first.

H. H aeuber and  J .  H irschbeck. U .S .P . 2,159,148, 23.5.38. Appl. 30.6.38. Pro­
duction of hydrocarbon oil by sub jecting  to  polym erization  (Friedel C rafts’ reaction),
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gases containing m ore th a n  30%  of gaseous d e fin es chiefly bu ty lenes and  am ylenes, 
and subjecting th e  p ro d u c t to  b o th  a  hydrogenating  trea tm e n t an d  trea tm en t w ith  
superheated steam  in  th e  p resence of cau stic  a lakli.

P. A. Maschwitz. U .S .P . 2,159,746, 23.5.39. A ppl. 31.5.35. M ethod for p ro ­
moting and  controlling th e  po lym erization  of hydrocarbon  gases to  heav ier h y d ro ­
carbons.

R. F. R uthruff. U .S .P . 2,160,286, 30.5.39. A ppl. 17.12.34. Im proved  com ­
bination of an  oil cracking u n it,  u tiliz in g  preferab ly  crude oil as charging stock, and  
eliminating gasoline an d  heavy  fuel o il a s th e  p rincipal liqu id  p roducts , together 
with one or two polym erization  u n its  fu nc tion ing  to  convert gas from  th e  cracking 
unit into additional liqu id  p roducts .

R. F . R uthruff. U .S .P . 2,160,287, 30.5.39. Appl. 17.12.34. P ro d uction  of 
gasoline from hydrocarbon  gases co n ta in ing  d e fin es an d  b u tan e  by  first separating  
these gases in to  a  fraction  con ta in ing  e thy lene  as th e  p redom inant co n stituen t which 
is therm ally polym erized to  o b ta in  g a so lin e ; a  second frac tion  con ta in ing  higher- 
boiling norm ally gaseous olefines a n d  b u ta n e  is sub jected  to  cata ly tic  polym erization 
to produce gasoline. T he H 2 a n d  CH4 from  th e  th erm al polym erization , together 
with the rem aining p ro d u c ts  a n d  th ose  from  th e  ca ta ly tic  polym erization, are passed 
to a common frac tio n a tin g  system . T he unconverted  gases an d  th e  gasoline con­
taining substan tia l q u an titie s  of b u tan e  are recovered an d  recycled to  th e  th erm al 
polymerization system . W . S. E . C.

Synthetic Products.
882. Synthesis of K ogasin  and Paraffin W ax in Aqueous Phase. F . F ischer an d  H . 
Pic-hler. BrennstChemie, 1939, 20 , 247-250.— The syn thesis of kogasin and  paraffin 
wax from CO an d  H  by m eans of c a ta ly s ts  can  be carried  ou t w ith  success only w ith in  
a narrow tem pera tu re  range. The h e a t of reaction  m u st therefore be co n stan tly  
removed w ith  b u t  l it t le  tem p era tu re  fall.

I t  has been investiga ted  w hether th e  kogasin syn thesis could be carried o u t suc­
cessfully in  the  aqueous phase, w ith  th e  ca ta ly s t suspended in  superheated  w ater 
(about 200' C.). Fe , l i i ,  Co, a n d  R u  were tr ie d  as ca ta ly sts , b u t only th e  la tte r  tw o 
were found to  be effective, an d  to  re ta in  th e ir  a c tiv ity  in  weak acid solutions. R u  
is best, optim um  re su lts  being  o b ta ined  a t  high  gas p ressures an d  tem pera tu res under 
200° C. Q u an tity  and  q u a lity  of p ro d u c ts  o b ta ined  on Co and  R u  are sim ilar to  
those found in  th e  m ean-pressure syn thesis.

In  the  aqueous phase  th e  h ea t of reac tion  is effectively rem oved, for, w ith  th e  pipe 
sections employed, y ields w ould be very  sm all in  th e  absence of w ater. C atalyst 
activity d im inishes m ore rap id ly  in  th e  aqueous phase th a n  in  th e  d ry  phase, possibly, 
because th e  cata ly st collects in  less a g ita te d  p o rtio n s of th e  liqu id  in  th e  ap p ara tu s , 
and is consequently gradually  w ithdraw n from  th e  reaction .

I t  is concluded th a t  syn thesis in  th e  aqueous phase is  p ractically  n o t feasible, 
because (a) re su lts  a re  n o t b e tte r  th a n  in  th e  d ry  phase, (6) m ore space is needed, (c) 
the apparatus m u st be lined  w ith  acid-proof m ateria l, which m akes it  expensive, 
(d) a considerable am oun t of energy is consum ed for v io lent ag ita tio n , an d  (e) con­
tinuous removal of p ro d u c ts  of reac tion  is  difficult. L. R .

883. Patent on Synthesis. R uhrchem ie A.-G. a n d  O. E v an s . E .P . 504,910, 27.4.39. 
Appl. 27.7.37. C ataly tic  conversion of m ix tu re s  of CO an d  H 2 a t  o rd inary  pressures 
a t 160-1755 C. to  increase th e  co n ten t of solid  hydrocarbons th a t  boil a t  h igh  tem ­
peratures. Cobalt c a ta ly s ts  a re  used , acti%'ated by  th e  ad d itio n  offthorium  oxide or 
magnesium oxide, a n d  th e  speed of flow of th e  gas over th e  ca ta ly st is  n o t m ore th a n  
20 litres per litre  of ca ta ly s t pe r hour. I n  th is  w ay 50%  or m ore of th e  CO en tering  
the  reaction is converted  in to  paraffin  w ax. M . S. E . C.

Refining and Refinery Plant.
884. Catalytic Refining Methods. V . X. Ipatieff. Oil Gas J ., 30.3.39, 37 (46), 86.— 
A comprehensive survey of th e  tw o processes used  for th e  syn thesis of a lipha tic
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hydrocarbons, a lky la tion  an d  polym erization, in  th e  pe tro leum  in d u s try  is given. 
The a lky la tion  process differs from  th e  F riedel-C rafts ty p e  of a lk y la tio n  in  th a t  a n  
olefine is  used  as a lk y la tin g  agen t ra th e r  th a n  a n  a lky l halide. T he m echanism  of 
th e  reaction  is  explained by th e  in te rac tio n  of an  a lum in ium  chloride/olefine com plex 
w ith  th e  paraffin. Sim ilar re su lts  are ob tained  w ith  boron fluoride as ca ta ly s t. T he 
com position of th e  p roduct ob tained  by  th e  a lk y la tio n  of isobutane w ith  e thy lene  
u n der given conditions shows th a t  th e  hexanes are th e  p red om inating  fraction . The 
m ethod  adopted  for th e  separa tion  of th e  hexanes from  one a n o th e r is  described. 
The form ation  of isopentane is a ttr ib u te d  to  a  secondary reac tion  consisting  of a u to ­
d estructive  a lky lation . The failure to  a lk y la te  p ropane  is  a tt r ib u te d  to  th e  absence 
of a te rtia ry  C-atom, an d  th e  im possib ility  of isom erization to  a com pound con tain ing  
such an  atom . Support for th is  th eo ry  is given by  th e  re su lts  o b tained  in  th e  a lk y la ­
tio n  of naph thenes. A lum inium  chloride affects th e  a lk y la tio n  of cycZohexane by  
isom erization to  methyleyeZopentane. B oron fluoride fails to  produce isom erization , 
an d  hence does n o t affect th e  a lk y la tio n  of cycZohexane. T he m echanism  of th e  
a lky la tion  of arom atic  hydrocarbons w ith  various c a ta ly s ts  is described.

I n  th e  descrip tion  of th e  ca ta ly tic  po lym erization  of d efines, th e  effect of v a ria tio n  
of reacting  condition  is fully discussed. T he h y p o th esis of th e  in te rm ed ia te  fo rm ation  
of unstab le  esters w ith  th e  acid ca ta ly st is su pported  b y  th e  iso lation  a n d  iden tification  
of such esters u n d er m odified reac tion  conditions. R . J .  E .

885. Efficiency of a Rotary D istillation Column. B. J .  M air a n d  C. B. W illingham .
Bur. Stand. J . Res. Wash., 1939, 22 (5), 519-527.— Of th e  m ajo r charac te ris tics  which 
describe a  d istilla tion  colum n— th e  he igh t equ ivalen t to  a  th eo re tical p la te  (H .E .T .P .), 
th e  hold-up an d  th e  th ro u g h p u t— th e  la t te r  is of least im portance w hen th e  g rea tes t 
possible separa tion  is desirable.

T his paper describes te s ts  w ith  respect to  these  characte ris tics w ith  a  hydrocarbon  
m ix tu re  in  a ro ta ry  colum n, in  which th e  ty p e  of p la te , speed of ro ta tio n , an d  th ro u g h ­
p u ts  were varied.

A full descrip tion  is  given of th e  ro ta ry  d is tilla tio n  colum n w hich h ad  a  rectify ing  
section 56 cm. long an d  5 08 cm. d iam eter. T hree ty p es  of ro ta tin g  m em bers were 
used : (a) baske ts w ith  fine holes, (b) flat p la tes, (c) cones, an d  te s ts  of separa ting  
efficiency were carried o u t a t  speeds of ro ta tio n  from  250 to  1500 r.p .m . an d  th ro u g h ­
p u ts  1-10 ml. liqu id  p er m inute . T he hydrocarbon  m ix tu re  methylcycZohexane/w- 
h ep tan e  served as th e  te s t  liquid.

T he low est H .E .T .P . w as o b ta ined  w ith  th e  conical ro ta tin g  m em bers spaced 0-64 
cm. a p a rt, w ith  which th e  following average re su lts  were ob ta in ed  : H .E .T .P ., 1-04 
cm. ; hold-up, 1-3—1-6 ml. liqu id  p er theo re tica l p la te  ; m axim um  th ro u g h p u t, 10 ml. 
liqu id  pe r m inu te . W ith in  th e  rep roducib ility  of th ese  experim en ts th e re  w as no 
varia tion  in  H .E .T .P . for th ro u g h p u ts  from  2-10 ml. liqu id  p e r m in u te , an d  speeds of 
ro ta tio n  from  250-1500 r.p .m . D. L. S.

886. Theory and Developm ent of H igh-Vacuum  D istillation. C. R . B urch  a n d  W . J .  D.
v an  Dijck. J . Soc. Chem. Ind ., 1939, 58, 39-42.—-Molecular d is tilla tio n  is  characterized 
b y  th e  use of p e rm anen t gas p ressures so low (10—6 atm .) as to  p lay  no  essen tia l p a r t  
in  determ in ing  th e  speed of d is tilla tio n , o r even w hether d is tilla tio n  tak es place or 
not.

T he h istorical developm ent of th is  m ethod  of d is tilla tio n  an d  th e  theo re tica l con­
siderations governing th e  process are ou tlined , an d  factors lim itin g  th e  large-scale 
app lication  are discussed.

T he inven tion  of th e  “ self-pum ping s till  ”— i.e., a  s ti ll  in  which th e  d istillin g  
vapours them selves force th e  uncondensable gases to  th e  place a t  w hich th e  p um p 
can handle  th em —was of g reat im portance for fu r th e r  techn ica l developm ent. Two 
ty p es of “ self-pum ping ” s tills , w hich rem ove th e  lim its  se t b y  th e  fin ite  ra te  of gas 
flow in  th e  s till itself, are described.

N o t every d istillab le  p ro d u c t can  be d istilled  in  th e  u ltra -h ig h  vacuum  u n its . 
D uring experim ents b y  th e  au th o rs  i t  has been found th a t  some oils show sligh t d e ­
com position, p roducing only  traces of gas, which, however, u p se t th e  m olecular 
d istilla tion  by causing severe sp lash ing  an d  subsequent con tam ination  of th e  d is tilla te . 
T his la tte r  problem  appears to  be th e  only  lim ita tio n  to  th e  ap p lication  of m olecular 
d is tilla tio n  on a large scale. T. C. G. T.
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887. Carbonization of Acid Sludge. V. K. S hch itikov  an d  G. N. K ru tik o v . N eft. 
Khoz., March 1939, 20 (3), 34—38.—Acid sludge has been carbonized in  a  b a tc h  s till  
yielding coke, coking d is tilla te , acid w ater, an d  gas. The presen t rep o rt is concerned 
w ith  an  exam ination  of th e  coke an d  th e  coking d is tilla te  obtained.

The carbonization process produced, depending on th e  ty p e  of oil trea te d  : 14-2- 
19-7% coking d is tilla te , 33-3-34-8% coke, an d  27-3-37-3% gas +  loss. T he coke 
contains on a n  average 2-65-3-85% ash  an d  2-21-3-37% su lphur. I t  is n o t su itab le  
for electrode m anufactu re , b u t  can  be used as a  fuel.

The coking d is tilla te  con ta ins : 22-8-26-3% gasoline d is tilla te , 25-29-3%  kerosine 
d istillate , and  42-7-49-3% residual oil. B y trea tin g  th e  gasoline d is tilla te  w ith  
sulphuric acid (2%) a n d  w ith  Zikeyev filter clay in  th e  v apour phase, a  gasoline of 
good stab ility  was obtained. W ith  add ition  of a-naphthol (10 mg./lOO c.c.), th e  gasoline 
contained a fte r  tw o m o n th s storage 5-6 mg. gum , a n d  h ad  an  octane num ber of 79.

Similar trea tm en t of th e  kerosine d istilla te  d id  n o t give sa tisfactory  resu lts . The 
p roduct w as very  d a rk  an d  h ad  a  n a tro n  te s t  of 3-4.

The residual o il con ta ins 1-45% su lp h u r an d  can be used  as a boiler fuel. A sphalt 
produced from  i t  conform s to  th e  R u ss ian  S tan d ard  No. I I .  L. R .

888. D esign and Operation of Depropanising Plant. J .  C. A lbright. Refiner, 1939, 18 
(4), 131.—H ancock Oil Co. a t  Signal H ill, C alifornia have recently  in sta lled  a new 
gasoline p lan t. The chief featu res are th e  th ree  d is tilla tio n  colum ns. I n  th e  first 
column s tra ig h t-ru n  gasoline is stabilized  to  a  81-5% recovery an d  is sen t to  storage. 
In  th e  second colum n pressure  d is tilla te  is s trip p ed  to  approx. 91-6% recovery, and  
also goes to  storage. T he th ird  tow er han d les th e  overhead, chiefly b u tan e s  an d  
propane, from  th e  o th e r tw o tow ers p lu s th e  raw  gasoline from  an  ab so rp tion  p lan t. 
The stabilized  condensate  from  th is  stage is used  to  contro l th e  v apour p ressure and 
augm ent th e  final b lend  of s tra ig h t an d  cracked gasoline. I n  all th ree  colum ns th e  
reboiler fluid is h ea ted  refinery gas oil. G. R . N.

889. U ses of Oxygen and A cetylene in the Refinery. H . Jo u e tte . Refiner, 1939, 
18 (4), 161.—-A concise account of th e  uses of oxygen an d  acetylene, based on practical 
experience, in  welding, salvage, dem olition  an d  m eta l spraying. G. R . N.

890. Portable Heater for Small H eating Loads. F . L. K allam . Refiner, 1939, 18 
(4), 163.— The M illard h ea te r  is  described. I t  is a  readily  p o rtab le  u n i t  consisting  of 
a  rigid circular steel shell m ounted  on an  I-beam  skid. T he only foundation  required  
is a se t of tim bers o r concrete p iers. The h ea ter tu b es are placed a round  th e  periphery  
of th e  firing-cham ber an d  are connected  by  m eans of conventional jun c tio n  boxes. 
Gas or fuel-oil bu rn ers  can be used, an d  firing is  th ro u g h  th e  centre of th e  long com ­
bustion  cham ber or shell w ith o u t flame im pingem ent on  th e  tu b es . H ea tin g  is 
entirely  rad ian t, b u t h igher th erm al efficiency can be a tta in e d  by  ad d in g  a  second 
circular shell of identical constru c tio n , placing i t  d irectly  above th e  p rim ary  rad ian t 
heater, and  using  i t  as th e  convection section. A double h ea ter of th is  ty p e  w ith  
a heat release of 9,000,000 B .Th.U . per h o u r weighs only  40,000 lb. Since th e  h ea ter 
can be shop fabricated , a ir-se ttin g  refractory  is used. T his m ateria l is m uch ligh ter 
th an  firebrick or cas t refractories, an d  does n o t crum ble o r spall a t  furnace tem p era tu res 
of 2300-2400° F . T he h ea te r  can  be o p erated  up  to  300 lb. w orking pressure  w ith  a 
coil o u tle t tem p era tu re  of 650° F . B. R . N.

891. Solutizer Process for Extraction of Mercaptans. D. L. Y abroff an d  L. E . B order. 
Refiner, 1939, 18, 171.— S uitab le  organic so lven ts or so lu tizers have been found, 
which will im prove th e  m ercap tan  ex tra c tin g  power of aqueous alkaline solution. 
For commercial purposes a  so lu tizer m u st n o t be decom posed or changed in  e ith e r cold 
or ho t alkaline so lu tions, m u st be very  soluble in  aqueous caustic  b u t  only sligh tly  
soluble in  gasoline, an d  i ts  v ap o u r p ressure  a t  elevated tem pera tu res m u st be low, 
so th a t steam  regeneration  can be em ployed. Sodium  an d  po tassiu m  isobu ty rates 
are good solutizers w ith  th e  corresponding hydroxides— a ty p ica l trea tin g  reagent 
consists of SW -fsobutyrate sa lt in  4—6N -hydroxide so lu tion . Several ty p es of gasoline 
have been trea te d  in  a  250-brl. p ilo t p lan t. A 95-250° F . cracked gasoline, which
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could n o t be sw eetened w ith  40%  by  vol. of 15-45° Be. caustic , was read ily  sw eetened 
b y  three-stage ex trac tio n  using  20%  of th e  so lu tizer reagen t. T he regenerated  
solutizer has a  high m ercap tan  co n ten t, b u t  h a s no  adverse  effect on  i ts  su bsequen t 
use. Solutizer trea tm e n t does n o t affect oc tane  num ber, b u t  im proves th e  lead 
susceptib ility  of th e  gasoline. Solutizer reagen t rem oves effectively alky lphenols, 
leaving th e  gasoline unstab le . T h is can be overcom e b y  u sin g  a  m ixed  so lu tizer 
containing alkylphenolate sa lts , th e  trea te d  gasoline th e n  hav ing  a defin ite  a lkylphenol 
content. G. R- N.

892. Field Installation of Chromium Sheet Linings in Pressure V essels. J . T . Shaler. 
Refiner, 1939, 18, 183.—A com prehensive account of th e  experience of th e  S tan d ard  
Oil Co., California, in lin ing  pressure  vessels w ith  chrom ium  steel d u ring  th e  p a s t 
ten  years. P rim arily  in sta lled  for corrosion resistance, th e  lin ings described also 
possessed a  desirable h ea t in su la tin g  characteris tic , w hich  p ro tec ts  th e  vessel ag a in st 
therm al shock. I t  is show n th a t  uncon tro lled  in tro d u c tio n  of w a ter in to  u n lined  
vessels can induce stresses exceeding th e  p ro p o rtio n a l lim it of th e  shell m eta l, w hereas 
th e  lining lim its cooling ra te s  to  safe values. F u ll  d e ta ils  an d  draw ings a re  given.

G. R . N.

893. Multi-Layer Construction of Thick-W all Pressure Vessels. T. M. Ja sp e r. Refiner, 
1939, 18, 193.—-The largest vessel of m ulti-layer c o n stru c tio n  b u ilt  by  A. O. Sm ith  
weighs 110,000 lb. Vessels of th is  k in d  a re  used for hydrogenation  a t  h igh  tem p era tu res , 
high-pressure chem ical processes, etc . I n  co n stru ctio n , successive layers of s teel are 
wrapped a round  a  cylinder, being tig h ten ed  a n d  welded to g e th e r. T he o u te r  layers 
are usually  less th a n  \  in. in  th ick n ess ; th e  in n erm o st m ay  be th icker. T he in n erm o st 
layer m u st be leak-proof an d  be chosen for th e  purpose  desired , w hereas th e  o u te r  
layers can have perforations. W hen  th e  layers are in  place th e  ends a re  m achined 
for a welding groove. T he sections are assem bled a n d  w elded as solid-w all vessels 
are. One of th e  advantages of th is  ty p e  of con stru c tio n  is th a t  i t  gives o p p o rtu n ity  
for close sc ru tin y  of th e  m aterial. I n  a d d itio n , th e  cost of th e  p la n t necessary  for th e  
m anufacturing  process is also less. S tress-relieving is n o t necessary, an d  is  n o t re ­
commended. W hen failure of m ulti-layer vessels tak es place u n d e r p ressu re  th e re  is 
deform ation, an d  no sh a tte rin g  d a ta  an d  p h o to g rap h s are given. G. R . N.

8 9 4 . Metal Spray Protection of Refinery Equipment. D. R . Jo h n so n  a n d  E . K . 
Dewey, J r .  Refiner, 1939,1 8 ,199.—I n  Ja n u a ry  1934 th e  C on tinen tal Oil Co. m etallized 
tw o D ubbs reaction  cham bers to  check corrosion. I n  O ctober 1934 th e  coating  h ad  
peeled b ad ly  a t  th e  dom es, so th e  surfaces were sand-b lasted  a n d  re-sprayed  w ith  
ten  coats of alum in ium  to  a  to ta l  th ickness of 0 018 in . T h is proved  successful, an d  
since th e n  th e  average a n n u a l m etallizing  replacem ent h a s been 4 -5% , a  figure th a t  
would be lower b u t for th e  ro ta ry  cleaners. Sim ilar success w as o b ta in ed  in  m eta lliz ­
ing  th e  lower sections of bubble  tow ers, a  lubricating -o il co n tac t k e ttle , pum p-rods, 
etc. I n  sand-b lasting  a  surface of m etallizing, th e  b la s t shou ld  be d irec ted  a t  an  angle 
of ab o u t 60° to  th e  surface. F irs t-q u a lity  b las tin g  sand  only should  be used. B las t­
ing should only proceed a t  such a  ra te  th a t  sp ray ing  can quickly  follow i t.  All coke 
or oil m u st be removed. The a ir supp lied  to  th e  m etallizing  gun  m u st be d ry , and  
th e  coating m u st be evenly applied . T he b est re su lts  have  come from  apply ing  
ind iv idual coats from  0 0015 to  0 0020 in . th ick . Twelve-gauge w ire is preferred , 
b u t eleven-gauge is u n d er te s t.  Costs of m eta l sp ray ing  depend  in  th e  m eta l an d  th e  
area to  be covered, an d  m ay  vary  from  0-70 to  2-25 do lla rs pe r sq. f t . G. R . N .

895. Condenser Tube Alloys Improved by A ntim ony. A non. N a t. Petrol. News,
17.5.39, 31 (20), R . 208.—I t  is claim ed th a t  sm all a d d itio n s  of an tim o n y  to  brass, 
including alum inium  brass and  A dm iralty  M etal, increase w ater-corrosion resistance. 
0 02%  sb. added to  65%  o-brass p rev en ts  dezincification. As l i t t le  as 0 007%  sb. 
g reatly  increases w ater-resistance, a lth o u g h  dezincification s till  occurs. I n  th is  
respect antim ony  alloys are superior to  those con ta in ing  arsenic, since th e  la t te r  does 
n o t inh ib it dezincification an d  m ay induce in te r-crysta lline  corrosion. H . G,



ABSTRACTS. 301 A

896. Corrosion-Resistant Linings R educe Shutdown Tim e. A non. N at. Petrol. 
News, 17.5.39, 31 (20), R . 211.— Sum m ary of A .P .I. May papers.

J. T. Shaler. “  F ie ld  In s ta lla tio n s  of C hrom ium  Sheet L inings in Pressure Vessels.”

D. R. Johnson . “  M etal Spray  P ro tec tio n  of R efinery E q u ip m en t.”

R. K. H opkins. “  P ressu re  L in ing  of 11-13%  Chrom ium  Steel.”

The economic loss d ue  to  shut-dow n tim e can  be reduced by th e  use of w ater to  
cool the  vessels to  a  tem p era tu re  safe for opening. The use of corrosion-resistant 
linings, by lowering th e  m axim um  tem p era tu re  differential during  cooling, greatly  
reduces th e  w arping hazard . Vessels have been lined  in  situ  by  a  varie ty  of m ethods 
and w ith a  v a rie ty  of m ateria ls . Low carbon , 11-13%  Cr sheet spo t welded in to  
position, and  m etal-spray  coating  w ith  18-8 s ta in less steel or alum in ium  are typical 
examples of processes which have  p roved  to  be successful. H . G.

897. Stainless Steel Applications w hich Reduce Corrosion. K . E . Luger. N at. 
Petrol. News, 17.5.39, 31 (20), R . 221.— R ecent ap p lica tio n s of sta in less steel to  refinery 
practice include th e  use of sta in less-steel bubble caps, tray s , risers, and  hold-down 
bars. Costs have been reduced by  reducing tra y  th ick n ess to  as l ittle  as 0 0625 in., 
the necessary s tre n g th  being im p a rted  by  special designing. Im m u n ity  from  cor­
rosion, th e  m inim izing of coking a n d  reduction  of labour costs owing to  th e  weight 
reduction, an d  th e  ease w ith  w hich coke is rem oved from  a non-corroded surface are 
the principal advantages gained. Old reaction  vessels have been successfully lined 
with stainless steel “ on  th e  jo b .” 18-8 w elding-rod has been used for th e  bu ild ing  
up of worn p a r ts  such as valve-bodies, pum p-p lungers, an d  valves. H . G.

898. Light-m etal Fractionating Apparatus. J .  N. Belsen. Oel u. Kohle, 1939, 15, 
363-366.—-Corrosion te s ts  have show n th a t  p u re  a lum in ium  is a ttack ed  less by  th e  
sulphur- and  cyano-com pounds in  crude benzol th a n  is cast iron, so i t  is suggested 
th a t alum inium  should  be used  in  th e  con stru c tio n  of benzol p lan ts . I n  order to  
keep costs reasonably low, i t  is essen tia l th a t  frac tio n a tin g  colum ns, etc., should be 
constructed of a  num ber of serial u n its  of s ta n d a rd  dim ensions, so th a t  these u n its  
may be produced on a  com paratively  large scale, in s tead  of each colum n being m ade 
to  indiv idual specifications.

The construction  of a  u n it  on th ese  lines is described in  some d e ta il an d  th e  work 
illustra ted  w ith  p h o tographs an d  diagram s.

A de-benzolizing p lan t capable of dealing w ith  10 to n s  of wash-oil per hour weighs 
only 1 ton  when m ade of a lum in ium , com pared w ith  7-5 to n s  if of iron, costs little  
more in itially , an d  is cheaper to  ru n . T. T. D.

899. Dim ensions of Pipe-Stills. W . L. N elson. Oil G a s J .,  11.5.39, 37 (52), 63.— A 
m athem atical analysis of th e  cost of co n stru ctio n  of p ipe-stills is  presented in order 
to  provide a m ethod  of de te rm in in g  th e  m ost economical p ipe arrangem ent. T h is is 
based on factors such as th e  h igher cost of m any  sh o rt tu b es over th a t  of fewer long 
tubes, and  th e  h igh  cost of a  re tu rn  bend  (which is regarded as equivalent to  18 ft. 
of tubing, 3-4 sq. ft. of roof, 12-13 sq. ft. of floor, foundations, etc ., 4-5 sq. ft. of walls, 
header boxes, etc. C. L. G.

900. Steam and Air used to De-Coke Still Tubes in New Method. T. E . G arrard . 
Nat. Petrol. News, 19.4.39, 31 (16), R . 146.— In  th e  m ethod  described th e  furnace 
is heated to  a  tem p era tu re  of 1100-1300° F ., depending  on th e  n a tu re  of th e  coke 
deposit, and steam  a t  ab o u t 100 lb ./sq . in . in le t p ressure  is ad m itted . The ra te  of 
steam flow, which has a  m axim um  of a b o u t 3000 lb ./hour, is ad justed  according to  
the  character of th e  coke rem oved in  th e  steam  stream . The rem oval of coke usually  
commences in  ab ou t 1 h r. Too h igh  steam  pressure  a n d /o r ra te  of steam  flow m ay 
result in undue erosion of th e  tu b es if th e  coke is rem oved in  a coarse form. A ir is 
admitted in increasing q u a n tity  w ith  th e  steam  as th e  ra te  of coke rem oval d im inishes. 
The last of th e  coke is th u s  b u rn ed  off. T he m ethod  is claimed to  be no m ore ex ­
pensive th an  th e  conventional m eth o d s an d  m ay be m uch cheaper, th e  noise an d  d u s t
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nuisance associated w ith  th e  use  of ro ta to ry  scrapers is e lim inated , an d  con tinuous 
welded construction  of th e  tu b es is possible. The d isadvan tages of th e  system  are  :

(а) T h a t th e  coke seal betw een th e  old tu b es  a n d  th e  h e a te r  boxes is  burned  
away, re su ltin g  in  leaks a t  those  po in ts .

(б) W hether or n o t th e  high  tem p era tu res  reached re su lt in  accelerated  spreading, 
d isto rtio n  of th e  h eaters is  s till  debatable. T h is effect w ould be very  undesirable, 
b u t is ev iden tly  n o t g reat.

(c) The system  calls for skilled o perato rs. H . G.

901. Entrainm ent in P late Columns. E . M. B aker. In d u s tr . Engng Chem., 1939, 
31 (6), 717.— The M cCabe-Thiele graph ical m eth o d  for d e te rm in in g  th e  n u m b er of 
p lates required  for th e  separation  of a  b in ary  m ix tu re  is  m odified to  allow th e  effect 
of en tra in m en t to  be in troduced . P . D.

902. Choice of a  Low-Temperature Insulating M aterial. K . M. R itch ie  a n d  C. C. 
V ogt. Industr. Engng Chem., 1939, 31 (7), 821.— T he conditions of service to  be 
m et b y  a  su itab le  low -tem perature  in su la tio n  include, besides th ose  com m on to  
m ost in su la tin g  problem s, th e  question  of th e  p ossib ility  of m oistu re  condensing inside 
th e  lagging, an d  so spoiling i ts  efficiency. T h is can  som etim es be overcom e by  placing 
th e  lagging on th e  inside of th e  cham ber.

A general d iscussion  of th is  an d  o th e r effects is  given. P . D.

903. H eat Insulation. J .  Z. F inck . Industr. Engng Chem, 1939, 31 (7), 824.— The 
th ree  m eans by  which h ea t is tra n sm itte d  th ro u g h  a n  insulation-—nam ely , th e rm al 
con d u ctiv ity  of th e  solid m ate ria l a n d  th e  a ir, convection  in  th e  a ir  spaces, an d  
rad ia tio n —are discussed. E q u atio n s are given for calcu lating  th e  q u an titie s  of h e a t
tra n s m itte d  by  these  m eans, to g e th e r w ith  illu s tra tiv e  exam ples. P . D.

904. Silica Aerogel. Effect of variables on Thermal Conductivity. J .  F . W hite . Industr. 
Engng Chem., 1939, 31 (7), 827.— The conductance of silica aerogel rises w ith  tem p era ­
tu re , owing to  th e  fact th a t  i t  is tra n sp a re n t. T h is  m ay  be overcom e b y  inco rpora ting  
in  th e  gel some opaque m ate ria l, w hich  m ay  be e ith e r  reflecting  o r non-reflecting. 
I t  was show n experim entally  th a t  th e  form er ty p e  was b e s t, th e  b e s t lagging being  
produced by th e  in co rp o ra tio n  of 15% silicon, w hich  gives a  gel w ith  co n d u ctiv ity  
near th a t  of s till  a ir.

The effect of th e  a p p aren t specific g ra v ity  of th e  aerogel on  th e  th e rm al co n d u ctiv ity  
was also in vestiga ted . P . D.

905. Reflective Insulation. G. B. W elkes. Industr. Engng Chem., 1939, 31 (7),
832.—The theo ry  of reflective in su la tio n  is given, a n d  th e  re su lts  of te s ts  on  a lum in ium  
foil in su la tions are described. Typical figures for h ea t losses from  roofs, ceilings, an d  
walls are also given. P . D.

906. R elation between Catalytic A ctivity and Size of Particle. E . W . Thiele. In d u str .  
Engng Chem., 1939, 31 (7), 916.— I n  th e  case of reac tio n  ta k in g  p lace on  th e  surface 
of a  solid ca ta ly st w hich is  u sed  in  th e  form  of po rous g ra in s , tw o regions can  be 
considered. I f  th e  reac tion  ra te  is h igh  a n d  th e  g ra in  size o r p a rtic le  size is sm all, th e  
ac tiv ity  is p ro p o rtio n a l to  th e  am o u n t of c a ta ly s t p resen t, since th e  whole surface, 
b o th  ex ternal an d  in te rn a l, is operative . As th e  g ra in  size is  increased, th e  effects of 
diffusion of th e  reac tan ts  in to  th e  in te rio r  of th e  g ra ins a n d  of th e  p ro d u c t ou tw ards 
become noticeable, th e  a c tiv ity  of th e  cen tre  of th e  g ra in  decreasing, u n til  in  th e  lim it 
th e  a c tiv ity  depends only  on  th e  ex te rn a l surface of th e  grains.

The problem  is trea te d  m athem atically  considering th e  ca ta ly s t g ra ins to  be flat 
p lates or spheres. Several cases a re  considered  for a  first-order reac tion , no  change of 
volum e, reaction  increases volum e, a n d  reac tio n  decreases volum e.

I  he case of a second-order reaction  w ith  no change of volume usin g  flat p la te s  of 
ca ta ly st is also trea ted .
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I t  is shown th a t  for a  first-o rder reaction  th e  ra tio  of ac tu a l a c tiv ity  to  m axim um  
activity rem ains h ig h  (i.e., above 0-7) for values of th e  m odulus xaV (c /rk )  less th an  
unity, using consisten t u n its .

xa =  rad iu s of g ra ins (spheres), 
c =  a c tiv ity  of u n it  in te rn a l surface of th e  pores, 
r =  h ydrau lic  rad iu s  of th e  pores, 

k  =  diffusion coefficient.
P. D.

907. Patent on D istillation. A. R . N ev itt. U .S.P. 2,159,566, 23.5.39. Appl. 24.9.36. 
Distillation ap p ara tu s  for hydrocarbon  oils. W . S. E . C.

Fire Prevention.
908. Modern F ire-Fighting. J .  R . H ow croft. Chem. & Ind ., 1939, 58, 323— 329.—  
The use of vaporizing liqu ids— e.g., carbon te trach lo ride— of carbon dioxide, chemical 
foam, and  m echanical foam  for ex tin g u ish in g  fires is traced  from th e  infancy of each 
to present-day equipm ent an d  techn ique. T he su itab ility  of each type  for special
purposes is discussed. T. C. G. T.

909. Recent D evelopm ents in Apparatus for A utom atic Extinction of Fires. Anon. 
Chem. <k Ind., 1939, 58, 439.—A u tom atic  sprink lers based on th e  fusion of low-m .-pt. 
alloys, or th e  ru p tu re  of a  heat-sen sitiv e  d iaphragm  are well know n. The technique 
of light-sensitive cells, which, in  th e  presence of a  flame release a fire-extinguishing 
material, is developing, an d  lends itse lf to  cases w here in stan tan eo u s action  is v ita l— 
e.g., in th e  m anufacture  of h igh ly  inflam m able com positions by  kneading on ho t rollers.

An in teresting  ap p a ra tu s  involves th e  ig n itio n  of a  sm all am ount of explosive to  
give in stan t ru p tu re  of a  d iaphragm  a n d  subsequen t release of large volum e of fire- 
extinguishing m aterial.

French p a te n ts  826,050 a n d  826,882 are  reviewed. T. C. G. T.

910. Modern System of Fire Protection. A non. Chem. & Ind ., 1939, 58, 439.— A 
general review of th e  advantages of th e  C 0 2 m ethod  of fire extinguishing. P a rticu lar 
stress is laid on th e  fact th a t  some fire-extinguishing m ateria ls are liable to  cause 
more damage th a n  th e  fire th ey  ex tin g u ish . Such possib ilities are obviated  by the  
use of C 0 2. T. C. G. T.

911. Some Methods of Fire Extinguishing. A. M.. Cameron. Chem. dc In d ., 1939, 
58, 522-527.—M ethods of ex tin g u ish in g  fires are traced  from th e ir  infancy, when w ater 
alone was used, to  p resen t-day  technique. D ry-pow der ex tingu ishers are s till in  use. 
These depend on e ith e r th e  evolution  of an  in e r t gas on heating  or on th e  form ation 
of a  fire-proof c ru s t on  th e  b u rn in g  m ate ria l— e.g., sodium  bicarbonate, silicates, 
phosphates, borax, an d  m icrocosm ic sa lt.

The plunger and  tu rn o v er ty p es  of b icarbonate-ac id  ex tinguishers are reviewed. 
Halogen ex tinguishers receive due a tte n tio n , an d  i t  is po in ted  o u t th a t  carbon 

tetrachloride has been used  w ith  safety  on sh o rt c ircu its  up  to  200,000 vo lts. The 
non-conductivity of these  m ate ria ls  m akes th em  very  su itab le  for electrical fires. 
Methyl brom ide is finding ex ten d in g  use, particu la rly  for a ircraft, a lthough  it  is more 
costly th an  CC14.

I t  is evident th a t  th e  C 0 2 system  has m any  advantages, especially i ts  cleanliness, 
great dielectric s tre n g th , an d  no n -to x ic ity . I t  is n o ted  th a t  certa in  m etals— e.g., 
magnesium and  th e  alkalis-—w ill b u m  in  C 0 2.

Chemical foam system s are largely used  in  th e  oil in d u stry . A n exam ple is a lum inium  
sulphate or ferric a lum in ium  su lp h a te  an d  sodium  b icarbonate. A foam stabilizer 
such as saponine or liquorice is  added. General p ractice  is to  keep tan k s  full of th e  
necessary solutions and  to  ru n  m ains th ro u g h  th e  ta n k  farm s o r to  use powder which is 
fed through hoppers in to  th e  w ater-hose. T he necessary p recau tions for th is  la tte r  
technique are outlined.

Mechanical foam has developed over th e  la s t twelve years. I n  th is  case only a  very 
small q u an tity  of foam  stab ilize r is  requ ired , and  i t  is fed by  a  special device in to  th e  

Y
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w ater-jets, to gether w ith  a controlled am o u n t of a ir. 2 lb. of stab ilizer an d  100 gal. 
of w ater will p roduce a  1000 gal. of foam. T he stab ilize r is carried  in  a  sm all ta n k  on
th e  back of th e  firem an.

“  X a u s t Suds ” is a  ty p e  of m echanical foam  w hich u tilizes p e tro l eng ine e x h au s t 
gas in stead  of a ir  for th e  p ro d u c tio n  of th e  foam.

T he “ M ulsifyre ” system , w hich is  applicable m ain ly  to  o il fires, d epends on  th e  
ab ility  of a  num ber of je ts  to  im pinge w ater on  th e  surface of th e  b u rn in g  oil in  a  m an n er 
sufficient to  cause a  surface em ulsion. W ate r p ressu res of 40 lb. a re  req u ired  for heavy 
oils, an d  a som ew hat higher p ressu re  for petro l.

T he sprink ler system , alarm  valves a n d  sto p  valves, to g e th e r w ith  th e ir  au to m atic  
accessories, are briefly ou tlined . T . C. G. T.

Chemistry and Physics of Petroleum.
912. A uto-oxidation of Simple Hydrocarbons in R elation to the A uto-oxidation  of 
Lubricating Oils. H . H ock. I I me Congrès M ond. Pétrole, 2 (Sect. 2), Proceedings I I ,  
803-806.— A uto-oxidation  of solid  fuels, of ta r s  a n d  ta r-o ils , a n d  of m o to r fuels is 
discussed, th e  ageing of oils being regarded as connected  w ith  au to-ox idation .

T he au to -ox idation  of m in eral oils is com plex, b u t  a  so lu tio n  of th e  prob lem  h as been 
a tte m p ted  by  q u a n tita tiv e  d e te rm in a tio n s of th e  peroxides con ta ined  in  th e  m ineral 
oils. J .  L . E .

913. Oxidation of Mineral Oils. N . I .  Tchernojoukov. I I me Congrès M ond. Pétrole, 
2 (Sect. 2), 797-802.— The a u th o r  h a s in v es tig a ted  th e  o x id atio n  of ind iv id u a l h y d ro ­
carbons an d  m ix tu res. N aph then ic  hydrocarbons show increasing  ten d en cy  to  
oxidize w ith  increasing  m olecular w eight an d  num ber of side-chains. T he principal 
ox idation  p ro d u c ts  are acids, m ain ly  insoluble in  e th e r, w hich form  deposits  in  th e  
course of ox idation . H igh ly  refined oils con ta in ing  no arom atics a n d  resins a re  m ore 
liable th a n  o thers to  ox idation . The ox idation  of m ix tu re s  of arom atic  an d  nap h th en ic  
h ydrocarbons has been s tud ied . T he presence of a rom atics reduces th e  ten d en cy  of 
n ap h th en es to  oxidize an d  p reven ts th e  fo rm ation  of deposits . I t  is concluded th a t  
th e  s ta b ility  of oils tow ards ox idation  is  essen tia lly  de term ined  b y  th e  arom atic  
con ten t. R esinous bodies have been found  to  ac t as in h ib ito rs  in  p rev en tin g  th e  
fo rm ation  of acid p roducts . M odern m eth o d s of refining w hich are  based on th e  
rem oval of arom atic  hydrocarbons b y  so lven ts are consequently  n o t en tire ly  s a tis ­
factory . S. R .

914. Oxidation of N aphthene-Base Oils by Oxygen. Parts 2  and 3 . K . I .  Iw anow .
Petrol. Z ., 1938, 34 (33), 1-7 ; (34), 1-6.—-The w ork  described in  P a r t  1 (see A b s trac t 
No. 164, 1939) was ex tended  by  v a ry in g  th e  co n d itio n s of th e  experim en t singly , th e  
following observations being m ade :—

1. Influence of T im e : T. =  150° C. ; p (0 2) =  15 a t .— R a te  of p ro d u c tio n  of 
carboxylic-acid g roups was determ ined , th e  acids being  iso la ted  a n d  th e ir  u ltim a te  
analysis carried o u t a t  successive stages. I n  ad d itio n , unsaponifiable oxygen com pounds 
were iso lated , determ ined , a n d  sub jected  to  u ltim a te  analysis.

T he re su lts  of th is  investiga tion  in d ica te  th a t  th e  ra te s  of ox id a tio n  of sim ilarly  
refined paraffinic an d  n ap h th en ic  oils are equal o r nearly  so.

I n  all cases, reaction  s ta r ts  only  a f te r  a  sh o rt in d u ctio n  period , th e n  proceeds 
rap id ly , w ith  a  subsequent re ta rd a tio n  in  ra te .

The m ore h ighly  refined frac tions are in  each case th e  m ore rap id ly  oxidized.
I n  th e  case of th e  low-grade raffinâtes, l i t t le  change in  y ie ld  of acid  bodies o r in  

saponification value was observed u n d er th ese  cond itions a f te r  3 h rs . u p  to  th e  final 
tim e of 14 h rs. T he a u th o r a ttr ib u te s  th is  fact to  negative  ca ta ly tic  ac tio n  on  th e  
p a r t  of ta r ry  reaction  p ro ducts .

Carboxylic acids are th e  p rincipal p ro d u c ts  of th e  o x id ation . T he ra te  of p roduction  
of high-m oh-w t. acids is g reater th e  m ore h igh ly  refined th e  oil. T he q u a n ti ty  of 
carboxylic acids produced is a t  first p ro p o rtio n a l to  th e  period  of ox id a tio n , b u t rem ains 
co n stan t or decreases a fte r a  few hours. W ith  th e  h igh ly  refined frac tions, th e  q u a n tity  
decreases a fte r a b o u t 4 h rs., th e  fu r th e r  increase in  a c id ity  being  d ue  to  fo rm ation  of 
low-m ol.-wt. hydroxy-acids. I t  is suggested  th a t  th e  la t te r  are o x id a tio n  p ro d u c ts  of 
th e  high-m ol.-w t. acids.
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In  all cases th e  unsaponifiable residue was shown to  have a sm all b u t definite oxygen 
content.

2. Influence o f p (0 2) : t =  3 h r s . ; T. =  150° C.— Oxygen an d  also a ir  were em ployed 
a t various p ressures and  p a r tia l p ressures of 0 2. T he ox idation  products from all 
four fractions were exam ined as in  1 (above).

I t  was found th a t  th e  e x te n t of ox id a tio n  is d irectly  p roportional to  p ( 0 2). The 
coefficient is slightly  h igher w ith  th e  paraflinic oils. I t  is also h igher th e  m ore highly 
refined the  oil fraction .

E xam ination of th e  p ro ducts , as before, shows th a t  a lte ra tio n  of pressure of oxygen 
(2-15 at.) o r a ir  (25-60 a t.)  does n o t sensib ly  a lte r  th e  course of th e  reaction  in  a m anner 
comparable w ith  th e  effect of changing tim e a t  co n stan t p (0 2) (1, above).

The observed p ro p o rtiona lity  betw een p (0 2) an d  ra te  of oxidation  excludes the  
possibility of heterogeneous reaction . T he ox idation  is homogeneous, and  is brought 
about by 0 2 dissolved in  th e  liqu id  phase.

3. Influence o f Ratio : Exposed Surface I Volume.—In  th e  cases of th e  low-grade 
raffinates, increase of th e  surface-volum e ra tio  affects th e  reaction  in  a  m anner sim ilar 
to increase of tim e a t  co n stan t p ( 0 2) an d  T . (1, above).

The highly refined frac tions were n o t com pletely exam ined. U nder certain  
conditions th e  reaction  proceeded w ith  explosion.

4. Influence o f Temperature.— Over th e  range exam ined (130-160° C.), increase in  
T. a t  constan t p (0 2) an d  tim e produces a  strong ly  m arked acceleration of ox idation , 
and affects th e  y ields, p roperties , a n d  ra tio s  of carboxylic and  hydroxy-acids in  a 
m anner com parable w ith  th e  changes p roduced by  th e  tim e v a ria tio n  above. The 
maximum tem pera tu re  coefficient of ox id a tio n  ( =  2) is show n betw een 130° C. an d  
150° C., th e  ra te  of acceleration  being reduced a t  h igher tem perature.

5. Influence o f Container Surface .— Increase  in  area of o il-g lass interface, o th e r 
conditions rem aining equal, w as found to  re ta rd  ox idation . I t  is concluded th a t  th e  
reaction contains a t  least one stage in  which ox idation  involves a  chain reaction , th e  
reaction chains being broken  a t  th e  so lid -liqu id  interface.

N um erous g raphs and  tab les of analysis figures are given, together w ith  an  extensive 
bibliography. C. G. G.

915. 2 : 6-D im ethylheptane : its Synthesis, Properties, and Comparison w ith  an iso- 
Nonane from  Petroleum . J .  D. W hite , F . W . Rose, J r . ,  G. C alingaert an d  H . Soroos. 
Bur. Staiul. J .  Res., W ash., 1939, 22 (3), 315-319.— The iso lation  from  a m id-continent 
crude of an  isom eric nonane, b. p t .  135-2° C., ten ta tiv e ly  identified as 2 : 6-dimethyl- 
heptane, has a lready been described. I n  order to  e stab lish  m ore definitely th e  id en tity  
of th is  m aterial, sy n th e tic  2 : 6 -d im ethy lhep tane w as prepared  by coupling ¿sobutyl 
m agnesium brom ide w ith  e th y l form ate, p roducing  2 : 6-dim ethylheptanol-4 in  a  74% 
yield.

This was hydrogenated  in  th ree  s teps, an d  th e  p roduct purified by  trea tm en t w ith  
98% H 2S 0 4, w ashing, d ry ing, an d  refluxing over sod ium -potassium  alloy, and  finally 
fractionating  carefully in  a  colum n packed w ith  crushed carborundum .

The purity- of th e  sy n the tic  hydrocarbon  was found to  be 99-6 m ole-% , and  its  
properties, ex trapo la ted  to  a  p u r ity  of 100 m ole-% , were found to  be as follows : 
b. p t. a t  760 m m. Hg. 135-21° i  0-02° C .; f. p t .  in  a ir  — 102-95 ±  0-10° C .; d en sity  a t  
20° C. 0-70891 i  0-00003 g ./m l .; refractive  index  n® 1-400 73 ±  0-00005 ; an iline  p o in t 
80-0° ±  0-3° C.

The p roperties of th e  isononane  from  petro leum  are in  good accord w ith  th ose  of th e  
sy n the tic  p ro d u c t. D . L . S.

916. Separation of Hydrocarbons of H igh  M olecular W eight by Adsorption on Silica  
Gel. C. B. W illingham . B ur. Stand. J .  Res., W ash., 1939. 22 (3), 321-327.—Preferen tia l 
adsorption by  silica gel has been u sed  for several years for separat ing m ix tu res of hy d ro ­
carbons, b u t no d a ta  have so far been rep o rted  concerning th e  effectiveness of separat ion 
of hydrocarbons of h igh mol. w t.

The ap p ara tu s used  for th is  w ork w as essen tia lly  th e  sam e as th a t  described in a 
paper by Mair and  W h ite  in  1935, except th a t  b o th  th e  silica-gel tu b e  and  th e  receiver 
were equipped w ith  a  heating -jacket. T he fou r hy-drocarbons used  were syn the tic  
m aterials, and  experim ents wex-e carried  o u t on  binary- mixtui-es. A sharp  separation
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of 5-(7-tetrahydronaphthyl)docosane from  5-(2-decahydronaphthyl)docosanO  a n d  of 
n-dotriacontane from  l-(p-diphenyl)octadecane w as ob ta ined . Some se p a ra tio n  of 
1 -(p-diphenyl)octadecane from  5 -(7-tetrahydronaphthy l)docosane was found , b u t th is  
was n o t so sharp  as w ith  th e  tw o preceding m ix tu res . No sep ara tio n  of n -d o triaco n tan e  
from 5-(2-decahydronaphthyl)docosane w as ob tained .

For th e  first th ree  m ix tu res  c ited  above, th e  capacity  of 20 gm. of th e  gel to  absorb  
preferentially  th e  m ore arom atic  com ponents w as found  to  be 1-8, 3-3, a n d  0-8 gm ., 
respectively. -L- 8-

917. H eats of Combustion of Tetram ethylm ethane and 2-M ethylbutane. J . W . K n o w lto n  
a n d  F . D. R ossin i. Bur. Stand. J .  Res., W ash., 1939, 22 (4), 415-424.— R eliab le  values 
for these therm ochem ical co n stan ts  are needed because of th e  p resen t-d ay  im p ortance  
of th e  pentanes. S ynthetic  te tram e th y lm eth an e  w as purified  u n t il  th e  final p ro d u c t 
contained only 0-3 mole % -im purity  w ith  a  C /H  ra tio  n o t fa r rem oved from  th e  h y d ro ­
carbon itself. The 2-m ethy lbu tane w as p repared  a t  B russels, an d  con tained  im p u ritie s 
e stim ated  a t  less th a n  0 1  m ole-% .

B oth  com pounds were tho rough ly  d ried  a n d  b u rn t  in  purified  oxygen. T h eir h e a ts  
of com bustion in  th e  gaseous s ta te  in  0 2 a t  25° C. a n d  a  c o n stan t to ta l  p ressu re  of 
1 a tm . to  form  gaseous C 0 2 an d  liqu id  H 20  were found  to  be : te tram e th y lm eth an e  
3516-53 +  0-94 in te rn a tio n al k ilo jou les/m ole; 2-m ethy lbu tane, 3528-03 +  0-62 in te r ­
national kilojoules /mole. Converted in to  kilocalories b y  m eans of th e  generally  accepted 
factor 1/4-1833, these  values become 840-61 +  0-23 an d  843-36 ±  0-15, respectively .

Com bining these  values w ith  th ose  previously  reported  for w -pentane shows th a t  in  
th e  gaseous s ta te  a t  25° C. an d  1 a tm . th e  energy con ten t of n -pen tane  is g reater 
th a n  th a t  of te tram e th y lm eth an e  b y  19-59 +  1-29 kilojoules or 4-68 +  0-31 k ilo ­
calories /mole, an d  g reater th a n  th a t  of 2 -m ethy lbu tane  by  8-09 ±  1-08 kilojoules 
o r 1-93 ±  0-26 kilocalories/m ole. D . L . S.

918. Type Analysis of H igh B oiling Hydrocarbon Oils. A. V. Grosse. Refiner, 1939, 
18 (4), 149.— T he a u th o r discusses th e  theo ry  und erly in g  th e  analysis of paraffinic and  
m ono- an d  poly-naphthen ic  oils. T he specific refraction  m ethod  of W aterm an  a n d  h is  
co-workers is exam ined, an d  i t  is  show n th a t  th e  hydro g en /carb o n  ra tio  can be used  
w ith  g reater theore tical ju stifica tion , accuracy, a n d  sim plic ity  in  th e  d e te rm in a tio n  
of th e  num ber of rings p er molecule in  sa tu ra te d  oils th a n  th e  specific re frac tion . I t  
is considered th a t  th e  percentage of paraffinic o r n ap h th en ic  hydrocarbons p resen t in  
a  sa tu ra ted  oil can n o t be determ ined  b y  ex is tin g  m ethods. A n a p h th e n ic ity  index  
and  an  aro m atic ity  index  are proposed. T he form er is defined as th e  difference 
betw een th e  hydrogen /carbon  ra tio  of th e  oil a n d  th a t  of th e  paraffin  hav in g  th e  
sam e num ber of carbon a tom s, m ultip lied  by  100. G. R . N.

919. H igh-O ctane isoParaffinic Fuels. S. F . B irch , A. E . D u n s ta n , F . A. F id le r,
F . B. P im  an d  T. T ait. Industr. Engng Chem., 1939, 31 (7), 884.— I n  th e  presence of 
concen tra ted  su lphuric  acid th e  lower olefins, w ith  th e  excep tion  of e thy lene, reac t 
w ith  considerable ease w ith  isobutane to  yield  p ro d u c ts  consisting  essen tia lly  of iso­
paraffins. The reaction  carried o u t in  th e  liqu id  p hase  a t  tem p era tu res  in  th e  range 
— 10° to  30° C., is  exotherm ic, th e  h ea t of reac tio n  being  of th e  order of 500-600 
B .T h .U .’s/lb . of u n sa tu ra ted  C4 hydrocarbon  reacting . F rom  th e  reac tion  p ro d u c t a  
fully sa tu ra ted  fraction  (boiling from  27° to  185° C.) m ay  be iso lated  by  d is tilla tio n , 
consisting  a lm ost en tirely  of isoparaffins from  isopentane to  isodecanes a n d  higher. 
The high octane ra tin g , roughly  9 0 +  of th is  frac tion , coupled w ith  i ts  low su lp h u r 
co n ten t, renders i t  an  excellent m ate ria l for 100-octane av ia tio n  gasoline. P ropylene, 
isobutene, 1- an d  2-butene, trim e th y leth y len e , an d  th e  lower polym erides of iso- 
bu tene , di- and  tri-isobutene all react sm oothly  w ith  isobu tane  to  give good yields of 
sa tu ra ted  p roducts . Of th e  paraffins used  in  th e  reaction , isobutane, isopentane, and  
isohexane (2-m ethylpentane) reacted  sm oothly , a lth o u g h  th e  oc tane  nu m b er of th e  
sa tu ra ted  p ro d u c t decreased rap id ly  w ith  increasing len g th  in  carbon  chain  of th e  
isoparaffin used  in  th e  reaction . B y repeated  frac tio n a tio n , in d ica tio n s were o b tained  
of th e  presence of 2 : 4 an d  2 : 5 -d im ethylhexanes a n d  2 : 3 : 4 -  a n d  2 : 3 :  3 -trim e th y l- 
pen tanes, an d  fu rth e r sm all q u an titie s  of isopentane, 2 : 3 -d im ethy lpen tane , 2 : 3- 
an d  2 : 4-d im ethylpentanes an d  2 : 2 :  5 -trim ethy lhexane  have been iso lated  from  th e  
reaction  m ix tu re  in  th e  polyisobutene—isobutane reaction .
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The effect of va ry in g  th e  reac tion  conditions, upon th e  yield an d  n a tu re  of the  
product is ou tlined . I t  has been d em o n stra ted  th a t  th e  u n sa tu ra ted  four-carbon 
fraction obtainable from  norm al cracking operations is a  sa tisfac to ry  s ta rtin g  m aterial 
for commercial operation  w hen used w ith  an  isobutane concentra te  from  n a tu ra l 
gasoline stab iliza tion . The acid consum ption  and  th e  h ea t evolved in  th e  exotherm ic 
reaction are also discussed. H . E . T.

920. Attempts to Prepare the M ethylene R adicle by Thermal D ecom position of Hydro­
carbons. F . O. Rice. J .  Am er. chem. Soc., 1939, 61, 213.— An a tte m p t to  prepare 
methylene by passage of m ethane o r o th e r hydrocarbons over heated  filam ents resulted  
in the  production  of a  large enough supp ly  of d im ethy l tellu ride  from  Te m irrors to  
identify it (m. p . — 19-5°). T he a tte m p t to  p repare  ketene by passing  a  m ix tu re  of 
carbon monoxide an d  m ethane  or o th e r hydrocarbons over a  h o t filam ent was u n ­
successful. T he conclusion is th a t  triv a len t carbon radicles are th e  prim ary  p ro ducts 
of organic dissociations, and  even in th e  few cases in which m ethylene is th e  prim ary  
product it passes readily  in to  th e  triv a len t s ta te . R . D. S.

921. Kinetics of Decom position of n-B utane. I .— Normal Decom position. L. S. Echols 
and R. N . Pease. J .  Amer. chem. Soc., 1939, 61, 208-212.—-This is th e  first of a  series 
of papers on th is  sub ject, th e  investigation  being p rom pted  by suspected com plications 
in the pyrolyses of p ropane and  th e  b u tanes, which, from  flow experim ents a t  1 a tm ., 
appear to  be hom ogeneous dissociations of th e  first order. I t  was found th a t  pure 
nitric oxide inh ib its n -bu tane  decom position, an  effect th a t  is p a rtly  tran s ien t, th u s  
confirming th e  belief th a t  th e  m echanism  is a radical chain reaction. L ater, i t  was 
found th a t  propylene, a  reaction  p ro d u c t, also effects tran s ien t inhibition. K inetic 
data  were obtained from  pressure  m easurem ents a t  constan t volume. The norm al 
decomposition was investiga ted  betw een 480 and  535° C. and  from  100 to  600 m m . 
pressure, and it was found th a t  th e  reaction  was n o t s tric tly  of th e  first order ; initially, 
an order of 5-6 is required, and  com parison of tim es to  10% decom position for different 
initial pressures indicated  a n  order of ab o u t 1-3. I t  was dem onstra ted  th a t  th e  
complexity of th e  reaction  was n o t due to  im p u rity  in th e  bu tane  em ployed. A semi- 
empirical equation  is given to  fit th e  d a ta . R . D. S.

922. Bromination of Trim ethylethylene. (1) W . E . V aughan and  F . F . R u s t. J .  
Amer. chem. Soc., 1939, 61, 215—216. (2) J .  B. Conn, G. B. K istiakow sky and  E . A. 
Smith. Ibid., 1939, 61, 216—217.— W hen 1 vol. chlorine and  2 vols. isobuteno reacted  
together a t  70°, V aughan and  R u s t  found 99%  consum ption  of chlorine, 93%  by 
substitu tion  ; b u t w hen th ese  gases were passed  tog eth e r over granular calcium chloride 
a t 109° th e  chlorine com pletely d isappeared , 19% of it  producing hydrogen chloride by  
substitution. These au th o rs , therefore, c as t d o u b ts  on th e  valid ity  of th e  figure for 
the  heat of cata ly tic  add ition  of brom ine to  trim ethy lethy lene  obtained by Conn, 
K istiakowsky an d  Sm ith  (J. Am er. chem. Soc., 1938, 60, 2764-2771 ; J . In stn  Petrol., 
Abstr. No. 310, 1939), as th e  la t te r  te s te d  th e  effluent gas in th e ir experim ent s for u n ­
reacted halogen and  for su b s titu tio n  by tes t-p ap ers  and  relied on refractive indices 
as criteria of th e  p u rity  of th e  p ro ducts , th ere  being no lite ra tu re  value for tr im e th y l­
ethylene dibrom ide. B y such te s ts  th e  last-nam ed au th o rs  detected  su b stitu tio n  
occurring during  dynam ic brom ination  of isobutene and  cyc/ohexane, a lthough 
trim ethylethylene seemed to  react cleanly. V aughan and  R u st, in an  a tte m p t to  confirm 
this, passed brom ine, trim ethy lethy lene , n itrogen, and  carbon dioxide over calcium 
bromide—asbestos a t  82°. T est-papers show ed no un reac ted  brom ine or acid, and  th e  
catalyst was found to  be uncon tam inated  w ith  liquid condensate. A fter topp ing  of 
the product to  rem ove un reac ted  olefin th e  residue w as fractionated . T his showed 
definitely th a t  th e  p ro d u c t of reaction  is a  m ix tu re , and  th e  difficulty of avoiding 
substitu tion  reactions when halogenating  te r tia ry  olefins.

In  reply, Conn, K istiakow sky and  Sm ith  ad m it th e  correctness of th e  criticism , b u t 
believe th a t  th e  error th u s  in troduced  is ra th e r  sm all, as th e  ca ta ly st they  used was 
inactive owing to  previous ex tended  use, so th a t  th e  secondary reactions described 
above may easily have been less p ronounced  in th e ir  experim ents. E ven  if th e  yield 
of monobromides was considerable, th ey  argue th a t  th is  could n o t seriously have 
affected their therm al d a ta , and  so th e  original e stim ate  of th e  over-all erro r is adequate .

R . D. S.
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923 Cracking of Kerosine as Function of Pressure and Temperature. C. O tm  an d  S.
Savencu. M onit. Pétr. roum., 1939, 40 (10), 635-639; (11), 705-708.— A kerosm e w as 
heated  for varying periods of tim e a t  different tem p era tu res  and  p ressu res, alone and  
w ith cata lysts , and  afte r each trea tm e n t th e  p roperties of th e  p ro d u c t were com pared 
w ith  th e  original. F irs t, i t  w as h ea ted  alone for 2, 4, 6, 8, and  10 h rs . (1) a t  170° C. 
and  atm ospheric pressure, (2) a t  115° C. and  10 k g ./cm .2 p ressu re , (3) to  a n  in itial 
tem peratu re  of 240° C. a t  20 k g ./cm .2 pressu re . On exam ination  of th e  physical and  
chemical constan ts of th e  p roducts , including d istillation , th e  a u th o rs  concluded th a t  
th e  only factor favourably  influencing th e  yield of ligh t p ro d u c ts  w as tem p era tu re . 
N ext, th e  kerosine was h eated  to  various tem p era tu res  for 2 h rs. a t  norm al, a t  10, 
and  a t  20 k g ./cm .2 p ressure  w ith  5%  concentra tion  of finely divided, chem ically p u re  
m etals, oxides, chlorides, an d  su lphates. E x cep t for chlorides, th ese  h ad  only  a feeble 
cataly tic  effect on th e  cracking. T he chlorides of m agnesium  a n d  iro n  h a d  a  n o tice ­
able influence, b u t alum in ium  chloride h ad  a  m ost p ronounced  effect. To in v estig a te  
th e  la tte r  more fully, th e  tim e w as also varied  to  4, 6, 8, an d  10 h rs. w ith  5%  a lum in ium  
chloride an d  a t  p ressures of 1, 10, an d  20 kg ./cm .2 ; a n d  1%  a n d  10% con cen tra tio n s 
of alum inium  chloride were used a t  th e  sam e pressu res for 2 h rs . I n  a ll these  
experim ents increased tim e an d  p ressu re  ten d ed  to  increase th e  y ield  of lig h t bodies, 
b u t th e  effects of tem p era tu re  an d  increase in  p ro p o rtio n  of c a ta ly s t were th e  m ost 
profound. Of o th e r c a ta ly sts  tr ied  only  a lum in ium  brom ide gave re su lts  com parable 
to  alum inium  chloride.

The au th o rs’ conclusions are th a t  only  tem p era tu re  h as a  favourable effect on  
cracking, particu la rly  if no ca ta ly s t or a  bad ly  chosen ca ta ly st be em p lo y ed ; b u t  if 
th e  ca ta ly st is correctly  chosen, th e n  tim e  an d  p ressu re  m ay also have a  m arked  effect.

R . D. S.

924. Comparative Efficiency of Catalysts in Polym erising U nsaturated Hydrocarbon 
Gases under Pressure. D. R udkovsk ii, G. Shevtsova an d  G. Pem eller. Petrol. Engr, 
A pril 1939, 10 (7), 65.— Laboratory-scale experim ents for com paring  th e  efficiency of 
c a ta ly sts  in  th e  polym erization  of d e fin es are described. Of th e  c a ta ly s ts  exam ined, 
clay h ad  a  poor ca ta ly tic  action  an d  w as rap id ly  poisoned. M olten zinc chloride w as 
h ighly active, b u t  w as quickly poisoned by  so lu tion  of po lym erization  p ro ducts . 
Z inc chloride deposited  on cham otte  carrier proved  a  v ery  effective c a ta ly s t, b u t  
rap id ly  dete rio ra ted  owing to  th e  deposition  of coke. Phosphoric  acid  on a  solid  carrier 
w as th e  m ost efficient of th e  c a ta ly s ts  exam ined. I t s  efficiency is explained b y  th e  
assum ption  th a t  in te rm ed iate  phosphoric  e sters are form ed w hich soon decom pose 
w ith  regeneration  of th e  acid an d  grow th  of th e  olefine molecules. Of th e  th ree  
phosphoric acids th e  pyro-acid was th e  m o st effective. R . J .  E .

925. Industrial U se of the A lkaline W aste Liquors D erived from  R efining Cracked 
Naphthas. C. N. Dacu. M onit. Pétr. roum., 1939, 40, 151.— M ercap tans a n d  phenolic  
com pounds were ex trac ted  (on a  lab o ra to ry  scale), by  m ethods w hich lend  them selves 
readily  to  in d u stria l applications, from  alkaline so lu tions derived from  tre a tin g  cracked 
n ap h th as.

B y en tra inm en t w ith  steam  a t  ab o u t 100-110° C. ap p ro x im ate ly  2-5% m ercap tans 
were ob tained , boiling w ith in  th e  range 120-250° C.

Subsequently , a fte r  ob ta in in g  th e  m ercap tan s, th e  pheno ls were e x trac ted  from  th e  
sam e so lu tion  by  th e  following m ethods :—

(а) E n tra in m e n t w ith  superhea ted  steam .
(б) T rea tm en t w ith  su lphuric  acid of various con cen tra tio n s .
(c) T rea tm en t w ith  hydrochloric  acid of v a rious co ncen tra tions .
(d) T rea tm en t w ith  carbon dioxide.

Of th e  above m ethods (6) gave th e  h ig h est y ields, w ith  ab o u t 27%  of pheno ls on  th e  
original solu tion . The op tim um  sulphuric-acid  co n cen tra tio n , in  respec t to  y ields and  
resu lting  phenol q u a lity , w as found  to  be 20% . M ethod (d ), how ever, is m ore likely 
to  find app lication  in  refinery p ractice  (about 19% p h eno l y ield) because of th e  av a il­
a b ility  of C 0 2 in th e  stack  gases. G. S.

926. Arom atisation of som e H om ologues of cycfoPentane and Paraffins. B. A. K azan sk i 
and  A. F . P la te . N a t. Petrol. News, 5.4.39, 31 (14), R . 134.— I t  h as been  show n th a t
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cyeZopentane and  its  sim plest hom ologues are hydrogenated  in th e  presence of 
platinized carbon in a n  a tm osphere  of hydrogen a t  a  tem p era tu re  of 300-310° C. 
The higher hom ologues such as norm al an d  secondary butylcyciopentane an d  ¿«oamyl- 
eycfopentane suffer n o t only hydrogenation , b u t  a  m easure of arom atization . In  an  
atmosphere of C 0 2 o r nitrogen, y ields of arom atics as high as 35%  have been obtained. 
Is it assum ed th a t  th e  side-chain is cyclicized, th e  hydrindane  form ed ru p tu rin g  in 
the presence of excess hydrogen, to  form  O -ethyltoluene. N -octane in  an  atm osphere 
of nitrogen yields 10% of arom atics, th e  perm anganate  oxidation  p ro d u c ts  of which 
are benzoic an d  p h thalic  acids. M ethyl-, e thy l-, and  propyl-cyclopentane do n o t 
show th is  reaction. H . G.

927. Preparation o! Low-Temperature H ydrogenation Catalysts. B. D udley Sully. 
Chem. & Ind ., 1939, 58, 282-284.— T he d isadvantages of th e  R aney ca ta ly st have led 
to the  developm ent of a  nickel c a ta ly s t  by  o th e r  m eans. T he ca ta ly s t h as been 
developed prim arily  for th e  liquid-phase hydrogenation  of cro tonaldehyde to  b u ty l 
alcohol. Nickel carbonate  is p rec ip ita ted  from  a  so lu tion  of th e  su lphate  by  th e  
addition of sodium  carbonate . T he nickel carbonate  is readily  reduced a t  310° C.

The colloid m ill has been a d ap ted  for th e  p rep ara tio n  of m ixed copper and  nickel 
catalysts, th e  carbonates being passed  th ro u g h  th e  m ill in  a  m other-liquor of sodium 
sulphate.

The activ ity  of th e  c a ta ly s ts  is assessed by  te s tin g  th e  ra te  of hydrogenation of iso- 
pulegol to  m enthol. A su itab ly  active  ca ta ly s t will com plete 80%  of th is  hydrogena­
tion in 40 mins. u nder th e  conditions of te s t.  T. C. G. T.

928. Inflamm ation of M ixtures of Air w ith D iethyl Ether and w ith  Various Hydro­
carbons at Reduced Pressures : Green Flam es. M. S. H sieh and  D. T. A. Townend. 
J . chem. Soc., F eb ruary  1939, 332—337.— T his investigation  was carried o u t to  exam ine 
more fully th e  n a tu re  of “ green flam es ” w hich certa in  m ix tures of d iethy l e th e r and 
air produce a t  low pressures, th e  n a tu re  of th e ir  visible emission and  th e  inflammable 
ranges of e th e r-a ir  an d  h y d ro carb o n -a ir m ix tu res. T he la t te r  were determ ined in  a 
horizontally-m ounted glass tu b e  electrically  h ea ted  w ith  asbestos-covered nichrom e 
wire. The norm al flames were in itia ted  by  a  high-tension spark. As th e  p ressure was 
reduced th e  limits  of inflam m ability  approached  one an o th er and  green flames were 
produced, being m o st intense a t  th e  critical p ressure  where th e  higher and  lower 
limits coincide (90 m m . a t  20’ C. ; 80 m m . a t  100° C. ; 78 m m. a t  150° C., correspond- 
ing to  5%  e th e r in  air). Sim ilar phenom ena were observed w ith  n -hexane-air, p ro p a n e- 
air, and m eth an e-a ir m ix tu res. T he la t te r  series give th ree  p ressure  lim its  of in ­
flammability w ith in  a  very  narrow  range of m ix tu res near 12-8% m ethane in air. I t  is 
inferred th a t  th e  em ission of green flam es is com m on to  all hydrocarbons.

The green flames are a ttr ib u ta b le  to  th e  Sw an bands arising from  C2 molecules 
which emit a t  4381 an d  4737 A in  th e  green region of th e  spectrum , and  are favourably 
influenced by deficiency of oxygen and  b y  reduced pressure . T he C2 m olecules are 
present in an  excited s ta te  a t  tem p era tu res  a n d /o r  p ressures below  which there  is any 
evidence of aggregated carbon, b u t  how  th e y  arise is speculative. R . D. S.

929. Mechanism by w hich “  Cool ”  F lam es m ay give rise to “  Norm al ”  F lam es. 
Part I. Inflamm able R anges of E ther-A ir M ixtures in Closed Vessels. M. S. H sieh 
and D. T. A. Townend. J .  chem. Soc., F eb ru a ry  1939, 337-340.— T he ignition of 
certain hydrocarbons is b ro u g h t ab o u t in  th e  tem p era tu re  range 300—400 by a  two- 
stage process, th e  norm al flame occurring a fte r  th e  passage of a  cool flame and  a fte r 
a  definite sh o rt tim e in terval. I f  th e  p ressu re  is sufficiently high, th e  h igher h y d ro ­
carbons ignite in  th e  cool-flame range b y  a  one-stage process, ignition being a lm ost as 
violent as d e to n a tio n ; th u s  corre lating  engine-knoek w ith  th e  probable spontaneous 
ignition of th e  u n b u m t charge ahead  of th e  flame. I t  was fairly well established th a t  
spontaneous ignition arising from  p rio r  cool-flame form ation  is th e  same, w he ther th e  
cool flames are in itiated  b y  hot-w ire in  th e  cold o r b y  heating . A t th e  m inim um  
ignition p ressure th e  inflam m ability  range was greater, th e  h igher th e  tem perature. 
The minim um  pressures for norm al ignitions were m uch  higher th a n  for cool flames. 
The au tho rs consider th a t  th e  in itia tion  of norm al flames in  th e  cool-flame range a t  a 
critical pressure is a  sudden developm ent of p ressure  g reater th a n  th a t  which can be
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ascribed to  cool flames. W hen th e  lim iting p ressu re  for norm al flames in th e  cool- 
flame range was reached, ignition occurred some d istance  a f te r  th e  cool flame passed 
down th e  tube  and  th e  norm al flame trave lled  forw ard to , an d  replaced, th e  cool 
flame The au th o rs  believe th a t  th e  superposition  of th e  norm al-flam e range on th e  
cool-flame range arises by  a  sim ilar process for artificial as for spontaneous ignition.

930. M echanism by which “  Cool ”  F lam es m ay give rise to  “  Norm al ”  Flam es. 
Part n .  Inflamm able R anges of H igher Paraffin H ydrocarbons in Air : Establishm ent 
of “ Cool ”  Flam e R anges at Ordinary Temperatures and H igh Pressures. M. S. H sieh 
and  D. T. A. Townend. J .  chem. Soc., F e b ru a ry  1939, 341-345.— T he general tendency 
of increasing pressure on m ix tu res of com bustib le gases w ith  a ir and  oxygen is to  widen 
th e  lim its of inflam m ability , chiefly a t  th e  u p p e r lim it. P rev ious w ork  on h igher 
paraffin hydrocarbons showed also th a t  n o t only w as th e  widening progressively g reater 
as th e  series w as ascended, b u t in each case, on th e  a tta in m en t of an  ad equate  pressure, 
which decreased in th e  sam e order, i t  becam e accen tua ted  a b ru p tly . The h igher 
paraffins behave in a sim ilar m anner to  e th e r  in spontaneous ignition experim ents in 
th e  cool-flame ra n g e ; hence, from  th e  rela tionsh ip  betw een spontaneous ignition 
and  inflam m ability, observed in th e  preceding p aper, th e  corresponding cool-flame 
inflam m ation ranges o u g h t to  ex is t w ith  h igher paraffins a t  o rd inary  tem p era tu res  in 
a  w ay sim ilar to  those  know n to  ex is t w ith  e th e r-a ir  m ix tu res. F u rth e r , owing to
(a) m inim um  pressures and  (6) tim e-lags for spontaneously  developed cool flames, bo th  
being g reater for hydrocarbons th a n  for e th e r-a ir  m ix tu res, and  to  (a) and  (6) decreasing 
as th e  paraffin series is ascended, th e  cool-flame ranges should  be located  a t  progressively 
decreasing in itial p ressu res in  th e  sam e order. All these  predic tions were confirmed 
in re-determ inations of th e  lim its of inflam m ability  of hexane, bu tan e , and  p ropane : 
a t  100° C. th e  cool-flame ranges were : above 5 a tm ., above 9 a tm ., above 12 a tm ., 
respectively. R . D . S.

931. M echanism  of Additions to the D ouble Bond. Part V I. K inetics of Gaseous 
A ssociations. G. A. B enford an d  A. W asserm an. J .  chem. Soc., M arch 1939, 362- 
367.— T he velocity  coefficient (k) of a  b im olecular reac tion  can  be expressed in  term s 
of a  steric  factor (P ) and  a  collision frequency (Z) so th a t  k  =  A ~  ElRT =  P Z ~ B!ST, 
w here E  is th e  activation  energy. F o r gaseous reactions involving a to m s o r diatom ic 
m olecules P  =  ab o u t 1 an d  A  =  Z  approx im ate ly , b u t  in  th e  diene syn thesis in  th e  
gaseous phase P  is p robab ly  <  1. E xperim en ts a re  described in  which gaseous endo- 
dicycZopentadiene w as form ed from  th e  association  of gaseous cycZopentadiene. A 
s tu d y  of th e  kinetics of th e  reaction  betw een 79° and  150° a t  in itial p ressu res betw een 
154 an d  735 m m . confirm s th e  im pression th a t  P  is m uch  sm aller th a n  u n ity . A 
qu alita tive  exp lanation  for th is  is tendered . R . D. S.

932. M echanism  of Additions to the Double Bond. Part Vn. Chemical Equilibrium  
in  Solution and in the Gaseous State. G. A. B enford and  A. W asserm an. J .  chem. Soc., 
M arch 1939, 367-371.—T he co n stan ts  of tw o association  equilibria  (o) C2H 4 +  H 2 
C2H 6; (b) 2C5H 6 C 10H 12 (dicycZopentadiene) were com pared in th e  gas phase  and  in
so lu tion  b y  using  v an ’t  H off’s eq uation  involving th e  solubilities of th e  reac tan ts  and 
of th e  p ro ducts . T he re ac ta n ts  an d  th e  p ro d u c ts  of equilibrium  (a) possessed 
num erically  sm aller h e a ts  of so lu tion  and  larger s ta tis tica l weight of th e  condensed 
m olecules th a n  th e  m olecules of association  (6). I t  w as show n th a t  th e  h ea t changes 
of b o th  gaseous associations are n o t m uch a lte red  by  th e  presence of th e  solvent, and 
also th a t  th e  s ta tis tica l w eight of e th an e  is of th e  sam e o rder of m agnitude in bo th  
s ta te s , b u t  th a t  th e  s ta tis tic a l w eight of dicycZopentadiene is som ew hat larger in 
so lu tion  th a n  in th e  gas phase. R . D. S.

933. M echanism  of Additions to the D ouble Bond. Part V1H. Equilibrium  of Gaseous 
A ssociations. B. S. K h am b ata  and  A. W asserm an. J .  chem. Soc., M arch 1939, 
371-375.— T he non-exponential facto r (a function  of th e  tran s la tio n a l, ro ta tio n a l, and 
v ib rational p a rtitio n  functions) of th e  equilibrium  c o n stan ts  of th e  association of 
gaseous cycZopentadiene to  gaseous dicycZopentadiene w as de term ined  from  th e  kinetics
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of th e  form ation  an d  decom position of dicycZopentadiene in  B .P . paraffin. T he kinetic 
measurement s were carried  o u t b e tw een —  1° C. a nd  175° C. an d  th e  solubilit ies betw een 
27° C. and  111° C. T he tran s la tio n a l, ro ta tio n a l, and  v ib rational p a rtitio n  functions 
were calculated for b o th  re ac ta n t an d  p ro d u c t, and  it  w as deduced th a t  a t  80° C. th e  
vibrational p a rtitio n  function  of dicycZopentadiene is a t  least 500 tim es th e  square of 
th a t of cycZopentadiene. Q ualita tive  confirm ation of th is  calculation  is adduced by 
consideration of m odels. R . D. S.

934. M echanism of Additions to the Double Bond. Part IX . K inetics of the A ssociation  
of cycZoPentadiene in Carbon Tetrachloride Solution and in the Pure Liquid State.
G. A. Benford, H . K aufm ann, B. S. K h am b ata , and  A. W asserm an. J .  chem. Soc., 
March 1939, 3S1-387.— T he s tu d y  of th e  m echanism  of th e  association of cycZopentadiene 
in carbon te trach lo ride  so lu tion  show ed th a t  th e  kinetics of th e  reaction  were n o t 
measurably influenced by th e  presence of oxygen, peroxides, o r acetonitrile , and  th a t  
the reaction is of th e  second order a t  all tem pera tu res . I n  th e  pu re  liquid s ta te , how ­
ever, th e  second-order velocity  coefficients a re  constan t a t  — 2° C., b u t  th ey  increase 
at tem peratures up  to  39-4° C. T h is is considered due to  th e  fact th a t  a t  th e  beginning 
of the  ru n  th e  “  solvent ”  is cycZopentadiene, b u t a t  th e  end it is dicycZopentadiene. 
The mechanism of th e  association  is bim olecular in b o th  carbon te trach lo ride  and  th e  
pure liquid s ta te . R . D. S.

935. M echanism of Cracking. Part 1. K inetics of Inverse D iene Synthesis in Solution
and in the Pure Liquid State. B. S. K h a m b ata  an d  A. W asserm an. J .  chem. Soc.,
March 1939, 375-381.— T he k inetics of th e  decom position of cycZopentadienebenzo- 
quinone and  of cycZopentadiene-a-naphthaquinone were m easured  in  benzene solution 
and th e  cracking of dicycZopentadiene was s tu d ied  in  B .P. paraffin solu tion  and  in th e  
pure liquid sta te . T he experim ents wrere carried o u t a t  atm ospheric pressure betw een 
49° C. and 175° C. In  solu tion  all these  inverse diene syntheses are of th e  first order. 
No induction period occurred in th e  decom position of cycZopentadiene, n o r did peroxidic 
interm ediate com pounds, glass pow der, Hg, PbO.,, MoS2, and  SnS affect th e  ra te , 
indicating th a t  th e  decom position is n o t a chain  reaction. T he non-exponential 
factors of th e  velocity  coefficient s a re  of th e  o rder of m agnitude of in teratom ic v ib ration  
frequencies, and  i t  w as concluded th a t  th e  m echanism  of th e  inverse diene synthesis is 
unimolecular in so lu tion  and  in  th e  p u re  liquid  s ta te . R . D. S.

936. Physics of F lam es and E xplosions of Gases. B. Lewis and  G. von E lbe. J . A p p l. 
Phys., 1939, 10 (6), 344.—T h is p a p er p resen ts  a concise sum m ary of our p resen t 
knowledge. The sub jects dealt w ith  include ignition, flame propagation , detonation , 
flames resulting from  th e  diffusion of one of th e  reac tan t gases in to  th e  o ther, and  th e  
s ta te  of th e  b u rn t gas. P- D.

937. “  Transformation ”  and D etonation. O. H erstad . Oel u. Kohle, 1939, 15, 385- 
388.—In  th e  ordinary  s ta te , a d rop  of liquid on a h o t surface is in con tact w ith  th e  
surface on one side, an d  w ith  a m ix tu re  of a ir and  v apour on th e  o th e r ; in th e  “ t ra n s ­
formed ” s ta te  th e  d rop  of liquid is sep ara ted  from  th e  surface by  a th in  film of vapour. 
(For earlier work on th is  sub ject see A b s trac ts  Nos. 836 an d  1423 of 1938.)

The au th o r claims th a t  h is experim ental w ork  has show n th a t  for a com plete solution 
of the problem , knocking m u st be considered in re la tion  to  th e  transfo rm ation  properties 
of the  fuel. In  investigating  th e  ignition p roperties of fuels, th e  a u th o r  condem ns th e  
drop m ethod of analysis, since, owing to  v a ria tions in  physical p roperties betw een 
different liquids, d rops from  th e  sam e orifice will have different w eights and  volum es, 
and different ra tes  of form ation. C onsequently, as th e  te s t ap p ara tu s  has a com bustion 
space of fixed dim ensions, th e  sam e ra tio  of fuel v ap o u r to  a ir will no t be obtained on 
adding drops of different liquids, and  s tr ic tly  com parable re su lts  for th e  ignition 
tem peratures will n o t be obtained.

A diagram  is given of fou r ty p ica l S .I.T . curves as ob tained  on th e  Zundw ert- 
priifer,” one of which exh ib its  th e  “ Zundliicke ” first described by Jen tzsch . The 
explanation of th is  phenom enon by  Zerbe an d  E ck ert is re fu ted  and  replaced by one 
based on th e  transfo rm ation  concept. T he a u th o r  shows th a t  th e  tem p era tu re  a t  which



transform ation  se ts in in th e  case of gas oils m ay  v a ry  by  100° C. according as th e  
surface on which th e  d rops impinge is polished (300° C.) or rough  (400° C.) Citing 
th is  as proof of th e  num ber of ap p ara tu s  co n stan ts  necessarily  inh eren t in th e  
Z u n d w e r t p r ü f e r ,  th e  au th o r, while agreeing th a t  th e  te s t  engine is n o t ideal for th e  
determ ination  of ignition qualities, prefers th e  re su lts  ob tained  from  it  to  those  ob tam ed 
w ith  th e  form er ap p ara tu s , a lth o u g h  he finds i t  of in te res t in  investiga ting  tra n s ­
form ation. ■D'

938. Phase Equilibria in Hydrocarbon System s : Latent H eat of Vaporization of 
Propane and /(-Pentane. B. H . Sage, H . D. E v an s  an d  W . N . Lacey. Industr. Engng  
Chem.. 1939, 31 (6), 763.— The la te n t h e a t was determ ined  experim entally  over th e  
tem pera tu re  ranges 100-170° F . (propane) an d  80-200° F . (n-pentane). T he re su lts  
are com pared w ith  experim ental and  calcu la ted  values ob tained  from  th e  lite ra tu re .

P . D.

939. Separation Processes. Point T ransform ations of y  versus x  diagram s. M. R andall
and  B. L ongtin . Industr. Engng Chem., 1939, 31 (7), 908.— M ethods are given for 
transform ing th e  x  versus y  equilibrium  d iagram  to  give (y — x) v e rsu s y, (y — x) 
versus x, (y — x) versus (y +  x) and  (y — x ) versus (2x — y). T he usefulness of some 
of these, p a rticu la rly  th e  (y — x) versu s x  d iagram  w hen using  th e  McCabe and  Thiele 
m ethod  of designing frac tiona ting  colum ns for v o la tility  ra tio s  near u n ity , is 
em phasized. P . D.

940. Enthalpy-Concentration Charts from  Vapour-pressure D ata. W . H altenberger, 
J r .  Industr. Engng Chem., 1939, 31 (6), 783.—-The en thalpy -concen tration  c h a rt  for 
a  liquid so lu tion  m ay  be co n stru c ted  from  a  knowledge of h e a t capacities a t  one 
concentra tion  and  h e a ts  of d ilu tion  over th e  concentra tion  range. E xperim en tal d a ta  
for th e  la t te r  are scarce, b u t  calcula ted  values m ay  be ob tained  from  vapour-pressure  
d a ta . The m eth o d  is described an d  illu s tra te d  b y  th e  co nstruction  of th e  en thalpy- 
concen tra tion  c h a r t  for sodium  hydroxide so lu tion  u p  to  50%  b y  w eight of N aO H .

P. D.
See also a b s tra c t No. 958.

Analysis and Testing.
941. Testing of Used Motor Lubricating Oils by A.S.T.M . M ethods. G. B lank . Oel u . 
Kohle, 1939, 15, 341-346.—-The following A.S.T.M. m eth o d s of tes tin g  used  oils are 
described and  discussed : (i) M aterial Inso lub le  in  A.S.T.M. N a p h th a  an d  Chloro­
form  ; (ii) A sh ; (iii) C onradson Carbon R esidue ; (iv) W a te r C ontent ; (v) D eposits ; 
(vi) D iluen t C ontent ; (vii) V iscosity  ; (viii) N eu tra liza tio n  N um ber ; (ix) Saponification 
N um ber ; (x) Specific G rav ity  ; (xi) F la sh  P o in t. T. T . D.

942. Contamination of Lubricating Oil by W ater. M. G. D am any. I I me Congrès 
M ond. Pétrole, 2 (Sect. 2), 791-795.—-The a u th o r  describes an  a p p a ra tu s  designed for 
use on board  sh ip  for th e  de tection  of w a ter in  lub ricating  oil. T he a p p a ra tu s  consists 
of an  electrical condenser th ro u g h  w hich th e  oil is pu m p ed  an d  a  valve circuit for 
indicating varia tion  in  capacity  of th e  condenser du e  to  th e  presence of w ater.

R . R . F .

943. M iniature Grease Penetrom eter. G. K au fm an , W . J .  F in n  an d  R . J .  H arrin g to n . 
Industr. Engng Chem., A na l., 1939, 11 (2), 108.— Because of th e  relatively  large am ount 
of sam ple required, th e  A.S.T.M. grease pen e tro m eter is u n su itab le  for te s tin g  th e  
consistency of sm all am o u n ts such as used  grease from  b a ll o r ro ller bearings. A 
m iniature  penetrom eter was designed to  determ ine th e  consistency of sam ples weighing 
ab o u t 3-5 gm. The in stru m en t is described, and  follows th e  lines of th e  official 
te s te r, th e  cone and  p lunger being m ade of alum in ium  and  hav ing  a to ta l  w eight of 
20 gm. D a ta  ob tained on b o th  in stru m en ts  ind icated  th a t  th e  re la tionsh ip , if any, 
varied w ith  th e  tex tu re  of th e  grease, th e  p a rticu la r  soap used, o r th e  viscosity  of th e  
m ineral oil. I t  was concluded th a t  th e  m in ia tu re  in s tru m e n t shou ld  be regarded as a 
valuable ad ju n c t to  th e  official te s te r . G. R . N.

g j 2  a  ABSTRACTS.
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944. Mineral Oil D eterioration. A. G. A ssaf an d  E . K . G ladding. Industr. Engng 
Chem., A nal., 1939, 11 (3), 164.— Oxidized pe tro leu m  oils such  as used insulating  oiis 
have been stud ied  by  th e  G rignard  reagent (m ethylm agnesium iodide) m ethod  of Larsen. 
The present papor describes im provem ents in th e  a p p a ra tu s  and  procedure. I t  also 
gives resu lts which show th e  accuracy of th e  q u an tita tiv e  determ ination , by  th e  
Grignard reagent of th e  ty p es  of com pounds—ketones, esters, and  peroxides—which 
may occur in oxidized m ineral oils. G. R . N.

945. Determ ination of U ndissolved Sludge in Used Oils. H . Levin and  C. C. Towne. 
Industr. Engng Chem., A n a l., 1939, 11 (4), 181.— A fter exam ining various solvents th e  
authors find th a t  com m ercial p en tane  is th e  m ost su itable for separating  undissolved 
sludge from used or oxidized m o to r oils. T he p rocedure  is as follows : separate 10-gm. 
amounts of th e  sam ple before an d  a fte r  percolation  th ro u g h  absorben t co tton  (at 
60-75° C.) are a g ita ted  in conical flasks w ith  100 ml. pen tane. A fter stand ing  over­
night the  deposited sludge is filtered  off th ro u g h  a Gooch crucible and  w ashed w ith 
100 ml. pentane, th e n  dried  a t  110° C. for 1 h r. F rom  th e  difference in th e  w eights of 
insoluble m a tte r  th e  undissolved sludge is calculated as follows :—

where A  =  sludge undissolved by  pen tane, original sam ple (gm./10 gm.j.
B  =  sludge undissolved by pen tane, clarified sam ple (gm./10 gm.).
C — undissolved sludge (m g./10 gm.).

W hen A  is low (01)  for p ractica l purposes C =  1000(d  — B).
The m ethod gives re su lts  reproducible w ith in  5%  on th e  sludge basis when th e  

sludge content is high, b u t  dup lica te  te s ts  w ith in  4 nigm ./10 gm. are considered its  
limit of reproducibility . G. R . N.

946. Determ ination of D issolved Sludge in Used Oils. F . W . H all, H . Levin and  W . A. 
McMillan. Industr. Engng Chem., A n a l., 1939, 11 (4), 183.— T he criterion  set up  for 
characterizing dissolved sludge in used  oils w as th e  m ateria l insoluble in liquid propane, 
using as th e  sam ple th e  oil ob tained  by  percolation  of th e  used  oil th rough  absorbent 
cotton. A suitable lab o ra to ry  a p p a ra tu s  is described in  which 4 gm. of th e  clarified 
sample are contacted  w ith  64 m l. liquid  propane, th e n  w ashed w ith  th is  solvent in a 
closed system  u nder p ressure . A fter rem oval of th e  propane th e  insoluble m aterial 
is dissolved in  w arm  benzol, th e  resu ltin g  so lu tion  being filtered  in to  a  sm all beaker, 
then evaporated on a  s team -bath . T he insoluble m ateria l is finally dried  a t  110° C. 
for 1 hr. The m ethod  has yielded re su lts  reproducible w ith in  5%  on sam ples containing 
large am ounts of dissolved sludge, and  w ith in  5 m g m ./1 0  gm. on sam ples containing 
small am ounts. R e su lts  have  show n th a t  frequen tly  th e  dissolved sludge is g reater 
than  the  undissolved sludge (cf. preceding ab strac t). G. R . N.

947. Thermostatic B ath  for Low  Temperature V iscosity Determ inations. E . L.
Baldeschwieler and  L. Z. W ilcox. Industr. Engng Chem., A n a l., 1939, 11 (4), 221.—■ 
A therm osta t, which can be o p erated  a t  from  — 10° C. to  — 60° C. w ith  a  tem pera tu re  
control of i  0 03° C., is described. I t  consists of a  cooling-coil and  b a th , a H oeppler 
ultra -therm ostat, and  a  D ew ar ty p e  flask in which a Ubbelohde viscom eter is se t up. 
Alcohol-water m ix tu re  is used  as th e  recirculating fluid, w hilst isopropyl alcohol plus 
solid carbon dioxide is th e  refrigeran t. G- R- ^

948. Apparatus for M icroanalysis of Gas. C. H . P re sco tt, J r . ,  and  J .  M orrison. Industr. 
Engng Chem., A n a l., 1939, 11 (4), 230.— T his a rticle  describes m odern  refinem ents of 
apparatus and technique for th e  rap id  analysis of m inu te  am oun ts of gas. On sam ples 
of 5—25 cu. m m. a t  norm al tem p era tu re  an d  pressure , analyses m ay  be m ade w ith  
errors for each com ponent w ith in  2%  of th e  to ta l  sam ple. T he errors are w ith in  5%  
on quantities of gas as sm all as th e  proverb ial lim it of 1 cu. m m. The m ethods described 
are available for th e  gases, w ater, carbon dioxide, hydrogen, carbon m onoxide, and 
oxygen or m ethane. One h o u r is requ ired  for a  com plete general analysis. U nder
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special conditions th e  least de tectab le  q u a n tity  of a  com ponent m ay be pushed  to  a 
lim it of 0 025 cu. m m. equivalent to  th e  carbon m onoxide m  1 sq. cm. of a  mono- 
m olecular film. G - R - N ’

949 Composition of H igh-Solvency Hydrocarbon Thinners. E. H . M cArdle and  others.
Industr. Engng Chem., A n a l., 1939, 11 (5), 248.— D a ta  g a th e red  by  te n  laboratories 
working in six co-operating groups show  th a t  th e  refractive  index-su lphuric  acid 
ex tractio n  m ethod  for determ ining th e  a ro m atic ity  of com m ercial high-solvency 
hydrocarbon th inners, th e  evapora tion  ra te s  of which are sim ilar to  th a t  of toluene, 
and  which are su b stan tia lly  olefin free, provides re su lts  which a re  reasonably accurate, 
as shown by com parison w ith  sy n th e tic  blends, and  can  be duplica ted  by several 
sta tio n s w ith  a precision of ±  0-5%. A lthough th e  m ethod  does n o t determ ine the  
naph thene  or paraffin con ten t w ith  equal accuracy, th e  re la tively  g reater im portance 
of arom atic ity  is dem o n stra ted  by  a  reasonably  good concordance in  th e  viscosities of 
solutions of film-forming m ateria ls in  th e  com m ercial th in n ers  and  th e ir  synthetic  
m atches. The above m ethod  is n o t recom m ended for th e  p rox im ate  analysis of low- 
solvency th inners. A nom ograph connecting com position, average boiling poin t, and 
refractive index for an  a rom atic  free n a p h th a  is given. G. R . N.

950. Measuring Oxidation of Lubricants. V. R . D am erell. Industr. Engng Chem., 
A nal., 1939, 11 (5), 265.—-A sim ple te s t  for m easuring  th e  th ickening produced in 
hypoid  lu b rican ts b y  h ea t tre a tm e n t is described. I t  consists of no ting  th e  tim e of 
flow of a  5-gm. sam ple of th e  oil p laced in  a  cylindrical glass crystallizing  dish, 80 mm. 
d iam eter, 40 m m . deep, w hen th e  la t te r  is f irs t p laced on one side, se t u p rig h t, th en  
p laced on th e  o th e r  side. Two horizon tal lines in  ink  on th e  sides of th e  dish determ ine 
th e  ex te n t of th e  flow to  be recorded. F o u r advantages for th is  m ethod  are claimed, 
viz : (1) th e  change in flow tim e of th e  en tire  sam ple is determ ined, showing in a  sim ple 
m anner th e  tendency  of th e  lu b rican t to  th icken  in practice  ; (2) th e  m eth o d  is tim e- 
saving ; (3) th e  a p p a ra tu s  is s im p le ; and  (4) th e  sam ple m ay  be rehea ted  as m any  tim es 
as desired, giving a  curve (flow tim e or percentage increase in  flow tim e v. tim e of 
heating ) in stead  of a  single re su lt. G. R . N.

951 . Stedm an Packing for Close Fractionation. L. B. Bragg. Industr. Engng Chem., 
A n a l., 1939, 11 (5), 283.— The conical ty p e  of S tedm an packing is m ade of w ire c lo th  
w hich h as been em bossed and  trim m ed in to  flat, tru n c a te d  conical discs. A sem i­
c ircu lar hole is c u t o u t of one side of th e  cone an d  ex tends ab o u t tw o -th ird s of th e  
d istance  from  th e  edge of th e  cone to  th e  fla t in  th e  centre. T he discs a re  welded 
to g e th e r a lte rn a te ly  back to  back  an d  edge to  edge to  form  a  regu lar series of cells 
w ith  th e  holes, w hich serve as passages for th e  v ap o u r located  a lte rn a te ly  on opposite 
sides of th e  section of packing. I n  operation  th e  liquid  flows along th e  screen and  seals 
th e  opening of th e  m esh, th e n  o u t tow ards th e  w alls of th e  colum n on a  cone th a t  is 
concave dow nw ard, th e n  back to  th e  cen tre  of th e  colum n on a  cone t h a t  is concave 
upw ard , w hich is w elded to  th e  first cone a t  th e  o u te r edge. T he lower cone is welded 
to  a n o th e r s till lower cone a t  th e  centre, an d  th e  liquid  flows th ro u g h  th e  m esh a t  th e  
p o in t of junction . T he v ap o u r en te rs  th e  space betw een tw o cones which are  welded
around  th e  o u te r edges, th ro u g h  th e  v ap o u r hole in  th e  low est cone. I t  th e n  flows
th ro u g h  th e  space betw een these  tw o cones, practica lly  a t  rig h t angles to  th e  axis of 
th e  colum n and  o u t th ro u g h  th e  v ap o u r opening in  th e  u p p er cone of th e  p a ir. The 
v ap o u r th e n  divides and  flows a ro u n d  th e  p o in t w here tw o cones a re  joined back to  
back  an d  across to  th e  side of th e  colum n w here i t  firs t en te red  th e  packing. T hus 
th e re  is con tinual m ixing an d  separa tion  of liqu id  an d  vapour, so t h a t  channelling is 
negligible. T his packing was te s te d  (in th ree  sizes) u sing  benzene-ethy lene dichloride 
as th e  b inary  m ix ture , an d  it  is show n th a t  a t  com parable v ap o u r velocities it  is 
superio r to  all o th e r ty p es  of packing. G. R . N.

952. Glass H elices for Fractionating Columns. R . W . Price  an d  W . C. M cD erm ott.
Industr. Engng Chem., A n a l., 1939, 11 (5), 289.— G lass helices a re  freq u en tly  used  a t  
th e  p resen t tim e as packing for lab o ra to ry  frac tio n a to rs . Su itab le  m eth o d s for their 
m anufactu re  in th e  lab o ra to ry  e ith e r requ ire  considerable skill o r special equipm ent. 
T he au th o rs  describe a  stra ig h tfo rw ard  p rocedure  in  w hich only th e  o rd inary  tools of 
th e  lab o ra to ry  are  required . G. R . N.
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953. Determ ination of Lead Tetraethyl in Gasoline. G. C alingaert and  C. M. G am brill. 
Industr. Engng Chem., A n a l.,  1939, 11 (6), 324.— 50 ml. of th e  gasoline, 50 ml. of a 
straight-run kerosine, a n d  50 m l. of co n cen tra ted  hydrochloric  acid a re  refluxed in a 
special glass a p p a ra tu s  for 30 m ins. A fte r cooling, th e  acid is drained off, th en  50 ml. 
water are added to  th e  gasoline-kerosine and  refluxed for 5 m ins. A fter cooling the  
water is separated  and  ad d ed  to  th e  acid. T he aqueous so lu tion  so obtained is evapor­
ated to  dryness. T he lead chloride is tre a te d  w ith  n itric  acid u n til a  w hite  sa lt is 
produced. I t  is n e x t dissolved in  d ilu te  n itric  acid an d  th e  lead is determ ined  e ither 
gravim etrically as th e  ch ro m ate  o r volum etrically  as th e  m olybdate. I t  w as found 
th a t th is m ethod  yields re su lts  w ith  a  m ean erro r of only — 0 012 ml. P b E t4 p er gallon 
of gasoline, as ag ain st — 0-054 for th e  b rom ination  m ethod , th e  im provem ent being 
particularly noticeable in th e  case of cracked gasolines. G. R . N.

954. Traces of Copper in Gasoline Determ ined by New Test. G. H . Short and  W . A. 
Schulze. N at. Petrol. News, 19.4.39, 31 (16), R . 162.—The te s t  is quasi-quantita tive , 
and depends on th e  fo rm ation  of a  copper com plex of d iphenylthiocarbazone, and  
hence th e  gradual change in colour of th e  reagen t, which, in solution, is green. The 
reagent is prepared  b y  dissolving d iphenylth iocarbazone in C.P. benzene to  o b ta in  a 
concentration of 2 m gm. pe r 100 ml. solu tion . 100 m l. of th e  gasoline are filtered 
through paper into a  glass vessel and  1 ml. of th e  reagent is added and  th e  m ix tu re  
stirred gently. The tim e for th e  colour to  change from  th e  original vivid green to  yellow 
is determ ined in m inutes. The ra te  of colour change decreases w ith  increasing am ounts 
of copper present. P recau tions to  be tak e n  to  avoid th e  v itia tio n  of re su lts  are :—

(а) The te s t  m u s t be carried  o u t in  th e  m inim um  of ligh t com patible w ith  
proper observation.

(б) Alkaline solutions, m ineral acids, m ercap tans, and  m eta ls o th er th a n  Cu 
affect th e  ra te  of colour change.

(c) W ater, if p resen t, an d  especially if of p u  g reater th a n  7, accelerates th e  ra te  
of colour change.

(d) C ontact w ith  a ir an d  th e  inclusion of a ir in  th e  gasoline by  shaking or too 
vigorous stirring  should  be m inim ized.

(e) The te s t  should  be carried o u t a t  a  reasonably  co n stan t tem pera tu re.
H . G.

See also A b stracts Nos. 971, 792, 973 an d  978.

Motor Fuels.
955. Patents on Motor Spirit. S tan d ard  Oil D evelopm ent Co. E .P . 504,470, 26.4.39. 
Appl. 3.11.37. Im provem en t of m o to r sp irit b y  adding 5%  or m ore of a  norm ally 
liquid e ther which is misc-ible w ith  th e  hydrocarbon , having th e  form ula R O R ', in 
which R  is a branched a lipha tic  hydrocarbon  group and  R ' is an  e th y l group, e.g., 
tertiary bu ty l e th y l e th e r an d  a  sm all am o u n t of lead te trae th y l.

Standard Oil D evelopm ent Co. E .P . 504,837, 2.5.39. Appl. 3.11.37. M ethod for 
the improvement of m o to r fuel as described in E .P . 504,470 in which te r tia ry  b u ty l 
secondary b u ty l e th e r is added.

I. Lovens. E .P . 506,230, 24.5.39. A ppl. 23.4.38. P rep ara tio n  of a  p ro d u c t to  be 
added to  liquid fuels for use  in in te rnal com bustion  engines to  increase th e ir  efficiency, 
by treating  a  vegetable non-drying oil such  as olive oil, dissolved hi w hite  sp irit, 
benzol, toluol, etc., w ith  a  q u a n tity  of oxygen and  of hydrogen.

N .V .deB ataafsche Petro leum  Mij. E .P . 506,574, 31.5.39. A ppl. 15.10.38. R em oval 
of m ercaptans from  m o to r sp irit by  m eans of aqueous caustic  alkali containing di- 
amino alcohol.

D. L. Yabroff and  E . R . W hite. U .S .P . 2,156,577, 2.5.39. Appl. 8.2.37. R em oval 
of mercaptans from petro leum  d istilla te s by  m eans of a n  aqueous solution of alkaline 
metal hydroxide containing a  su b s tan t ial am o u n t of a dissolved sa lt of am inocarboxylie 
acid having 4r-7 C atom s.

E. D. Sutton. U .S .P . 2,157,223, 9.5.39. A ppl. 17.6.35. Sweetening hydrocarbon  
oil by mixing it w ith  an  aqueous alkaline p lum bite  so lu tion  containing an  oil-insoluble 
soap in the  solution.



M M ueller-Conradi and  R . U lo th . U .S.P. 2,159,175 23.5 39. A ppl. 24.1.35 Process 
of dividing liquid hydrocarbon m ix tu res boilmg w ith in  th e  b. p t .  ranges of benzine 
into fractions of different octane values by  trea tm e n t w ith  aee to m tn le .

H  E  Bode U  S P . 2,160,110, 30.5.39. A ppl. 16.8.37. M ethod of trea tin g  n a p h th a  
to  remove m ercap tans by  m ixing 100 p a r ts  of n a p h th a  contain ing  1%  of m ercap tan , 
2 p a r ts  of dextrose, and  2 p a r ts  of HC1 (sp. gr. 1-19), to  p rec ip ita te  glucose m ercaptan .

W . J .  D. van  D ijck. U .S.P. 2,160,607, 30.5.39. A ppl. 1.7.35. Refining of cracked 
distillates to  rem ove su lp h u r com pounds by  solvent e x trac tio n  w ith  th iopene aldehyde
or cyanothiophene.

D. L. Y abroff an d  E . R . W hite. U .S.P. 2,160,632, 30.5.39. A ppl. 7.5.37. Separation  
of m ercaptans from  hydrocarbon  d istilla te s  by  tre a tm e n t w ith  an  aqueous so lu tion  of 
ethylene glycol containing n o t less th a n  25%  of w ater. T he so lu tion  is sa tu ra ted  w ith 
an  iilkali m etal hydroxide, th e  am oun t of glycol being sufficient to  p reven t sa lting  ou t 
of th e  alkali m eta l m ercap tides from  th e  solu tion . W . S. E . C.

See also A b s trac ts  Nos. 953, 954.
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Gas, D iesel and Fuel Oils.
956. H igh-speed D iesel Fuels Less A cute. M. G. V an Voorhis. N a t. Petrol. News,
19.4.39, 31 (16), R . 156.— T he advances m ade in  high-speed diesel-engine design are 
reflected in  th e  m ore general ch arac te r of fuel specifications and  in  th e  elim ination 
from  th e  specifications of special item s which have  o ften  involved th e  refiner in 
difficulty. T he w idening of th e  v iscosity  specification m akes it possible, in  some cases, 
to  m eet th e  dem ands for certa in  grades of dom estic h eating  oil and  diesel oil w ith  a 
single grade. V iscosity, in  certa in  instances, h as been elim inated  a lto g e th e r from  
specifications. Opinion is d ivided as to  th e  value of cracked gas oil as a  diesel fuel, b u t 
a t  p resen t m ore th a n  sufficient s tra ig h t-ru n  oil is available.

T he corre lation  of specification requ irem ents w ith  ignition q u a lity  is s till  u n ­
sa tis fac to ry , an d  even th e  cetane num ber, a lth o u g h  th e  b est index, is n o t th e  ideal 
criterion . T he cleanliness prob lem  is solved technically , and  th e  education  of th e  
d is tr ib u to r an d  user is a ll th a t  is necessary to  elim inate tro u b le  from  th is  source 
en tirely . H . G.

Lubricants and Lubrication.
957. A rylstearic Acids from  Oleic Acid. A. J .  S tir to n  an d  R . F . P e terson . In d u str  
Engng Chem., 1939, 31 (7), 856.— V arious analogues of phenylstearic  acid have been 
p rep ared  by  th e  F ried e l-C raft reac tion  w ith  th e  in ten tio n  of th e ir  being te s te d  as 
ad d itio n  agen ts to  lu b rican ts . T he following com pounds have  been prepared  : p- 
to ly lstearic , p-chlorophenylstearic , p -brom ophenylstearic, p-m ethoxyphenylstearic , p- 
phenoxyphonylstearic , and  p -xenylstearic  acids. O ther possible uses u nder considera­
tio n  include th e  uses of such  com pounds in  th e  m anufactu re  of soaps, w e ttin g  agents, 
and  waxes. T he a lky l o leates behave in a  sim ilar fashion to  oleic acid in th e  F riedel- 
C raft reaction  w ith  an  arom atic  com pound. T he p rep ara tio n s illu stra te  th e  generality 
of th e  reaction  of oleic acid or a n  o leate  w ith  arom atic  com pounds. H . E . T.

958. Effect of Fatty Acid D erivative on Lubricants. Part III. A. W . R a ls to n  and
E . J .  H offm an. N a t. Petrol. News, 19.4.39, 31 (16), R . 150.— A cylated  courm arone and 
indene resins p repared  by  th e  condensation  of fa tty  acid chlorides w ith  resin fractions 
m ateria lly  lower th e  p o u r p o in ts of paraffinie lubricating  oils to  which th ey  are added. 
The m echanism  of th e  lowering is show n to  be due to  a  m odification of th e  crystal 
size an d  c ry sta l s tru c tu re  of th e  co n stitu en t w ax, which suffers a  continuous change 
from  th e  clearly  defined crystalline  to  th e  am orphous s ta te  w ith  increasing am ounts 
of th e  additive.

W hen tes ted  on a  S tephen’s consistom eter th e  trea te d  oils show sm aller tem perature  
increases th a n  do u n trea te d  oils, ind icating  lower in te rn al friction  and  g reater 
lubricating  value . H . G.
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959. Trends in Lubricating-oil M anufacture. G. F . F itzgerald . Petrol. Engr, M id­
year 1939, 10 (10), 105.— T he recent w idespread tran s itio n  to  th e  solvent refining of 
lubricating oils has necessitated  m ore a tte n tio n  being pa id  to  th e  rigid supervision of 
plant to  m ain tain  op tim um  conditions in dew axing and  ex tractio n  ; and  has necessitated 
very high cap ital o u tlays, p a rticu la rly  for con tro l equipm ent . Tw o-th irds of th e  w orld 's 
dewaxing capacity  uses benzol ketone, w hilst propane dewaxing is n ex t in im portance, 
providing a m eth o d  of rem oving resins a s  well as w ax, an d  th u s  increasing th e  yield of 
the  neu tra l oils an d  reducing filter losses as well as im proving quality . Solvent 
extraction has g reatly  increased th e  range of crudes th a t  can  be used for lubricating-oil 
manufacture. F u rfu ra l is th e  m ost w idely used solvent, Duosol, phenol, and  S 0 2-benzol 
following very  closely, w ith  chlorex approx im ate ly  one-fourth  of th a t  of furfural. 
Furfural is generally p referred  owing to  th e  norm al tem p era tu res (150-250° F.) used 
in extraction. F o r paraffinic oils th e  rem oval of 5 -10%  e x trac t im proves th e  viscosity 
index by abou t 1 for each p er cent, ex trac ted . F o r naphthen ic  oils th e  ex trac t losses 
are greater, b u t are counterbalanced by  th e  lower cost of th e  crude m aterial. Solvent- 
treated oils are now replacing to  som e ex ten t th e  pu re ly  paraffinic oils previously 
demanded, owing to  th e ir  g reater o x idation  s tab ility  and  lower liability  to  form  gum  
and carbon.

De-resination an d  de-asphaltiza tion  are  also being effected by  d istillation  w ith  a  
close-cut petro leum  product— used  as a “  carrier ”— enabling cylinder stocks and 
bright stocks to  be ru n  to  less th a n  2%  b o ttom s. T his m ethod  is s ta te d  to  be m ore 
economical th a n  solvent re finin g, an d  y ields d istilla tes of lower carbon residue. F o r 
the decolorizing of lub ricating  oils, F u lle r’s e a r th  is being replaced by  b aux ite  and  
activated earth s  of im proved qua lity . A ttem p ts  have been m ade, w ith  some success, 
to  refine in  th e  still w ith  clay  ad d ed  to  th e  charge th e  clay dropping to  th e  b o tto m  of 
the tower.

Research is being carried  o u t on  ex trem e pressure  and  diesel-engine lubrican ts, on 
the chemical com position of lu b rican ts , th e  cata ly tic  effect of m etals on lubricating-oil 
deterioration and  inh ib ito rs to  p reven t th is , as well as inhib itors to  lower p o u r po in t, 
prevent varn ish  fo rm ation  an d  bearing corrosion, to  increase oiliness, an d  to  raise th e  
viscosity index. C. L . G.

960. Formation of Products Insoluble in  Chloroform by Artificial Oxidation of Lubricating 
Oils. Dixm ier and  Lyon. Il™  Congrès Mon/1. Pétrole, 2 (Sect. 2), 731-738.— T ests 
are described on used  lub ricating  oils. A n  approx im ate  relationship  is given betw een 
the  percentage weight of com pounds insoluble in  pe tro leum  e th e r an d  com pounds 
insoluble in  chloroform . U nused  oils were h ea ted  in  sealed glass bulbs a t  tem p era tu res 
varying from  140° C. to  410° C. w ith  an d  w ith o u t copper ca ta ly st. Com pounds in ­
soluble in  chloroform  are  form ed only a t  th e  h igher tem p era tu res  (350-400° C.), b u t 
these contain m uch less oxygen th a n  th ose  ob tained  from  th e  used  oils. I t  is suggested 
th a t th e  chloroform -insoluble m ate ria l is form ed in  p ractice  b y  a lte rn a te  heating  and 
cooling in an  oxidizing a tm osphere . R . R . F .

961. Carbonization of Lubricants. J .  D am ian. II™ Congrès M ond. Pétrole, 2 (Sect. 2), 
739-744.—The p ro d u c tio n  of carbon  from  lub ricating  oils in  in tem al-com bustion  engines 
is discussed.

An ap p ara tu s is described in w hich th e  carbonization  of lubrican ts a t tem pera tu res 
between 200° an d  550° C. in  th e  absence of flame and  u n d er conditions sim ilar to  those  
occurring in th e  cylinder of a n  engine m ay be s tu d ied  ; a  curve for th e  va ria tio n  of 
carbon deposit w ith  tem p era tu re  is given. J .  L. E .

962. Oils for Internal Combustion E ngines. F . V an Lierde. II™ Congrès M ond. 
Pétrole, 2 (Sect. 2), 745-749.— A classification of lub ricating  oils based on viscosity  
index, stab ility , and  p o u r te s t  is described.

The viscosity index an d  stab ility  afford inform ation re la ting  to  th e  behaviour of 
the  oil in service an d  to  i ts  resistance to  d ilu tion  and  ox idation  ; th e  viscosity index 
and pour te s t  provide indication  of ease of s ta r tin g  and  engine wear. J .  L. E .

963. Oxidation of M ineral Oils at High Temperature. A. M aillard. Il™  Congrès
Mon/l. Pétrole, 2 (Sect. 2), 751-755.— A s tu d y  of a sp h a ltic , carbonaceous, and  mineral
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contents of samples of oil from crankcases of m arine diesel engines an d  in tem al-
combustion engines has been made.

The results obtained showed th a t  de terio ra tion  of oils leads to  p ro d u c ts  differing 
from those usually obtained by ordinary  m ethods in th e  lab o ra to ry  ; experim ents are 
being carried ou t on oxidation a t  high tem p era tu re  in o rder to  ascertam  th e  conditions 
which m ost nearly approach those  found in  practice. J .  L. E .

964. Methods and Equipment Used in the Development of Lubricants for H igh Output 
Service with Special Reference to Aviation Oils. C. H . B axley  a n d  J .  P . S tew art.
II™  Congrès Mond. Pétrole, 2 (Sect. 2), 757-769.—A single-cylinder air-cooled engine 
consisting of p a rts  w ith dimensions sim ilar to  th ose  used  in  m ulti-cy linder engines has 
been modified to  give conditions of oil tem p era tu re  sim ilar to  th o se  experienced in 
practice. Tem peratures of oil and  m echanical p a r ts  are reproducible an d  th e  am ount 
of oil in circulation, in particu lar th a t  th row n to  th e  cylinder walls, is carefu lly  controlled, 
since th is is found to  be critical in th e  d e te rio ra tion  of th e  oil. Special selection of 
mechanical p a rts , even w ith in  specification lim its, is essential, since th ese  affect the  
time for ring-sticking. O perating factors such as m ix tu re  ra tio  an d  tem p era tu re  are 
controlled. H . C. W .

965. Condition of Lubricating Oil after Use in High-speed Oil Engines. A. T. W ilford.
II™  Congrès Mond. Pétrole, 2 (Sect. 2), 771-779.— T ests  on u sed  oils indicate th a t 
carbon content, ash, diluent, and increases in v iscosity  an d  acid ity  of a n  oil depend on 
engine type and oil consum ption ra th e r  th a n  on th e  oil itself. U sed oils are  less resistan t 
to  laboratory oxidation te s ts , and  th e  h a rd  a sp h a lt con ten t of u sed  oils shows qualitative 
agreement w ith th a t  obtained afte r labo ra to ry  ox idation  te s ts . A figure of 8% -w t. of 
carbon is considered as critical when considering engine failure. R . C. W.

966. Selection and Care of Oils for Steam Turbines. G. B aum . II™  Congrès Mond. 
Pétrole, 2 (Sect. 2), 781-789.—The properties on which tu rb in e  oils are generally 
selected and the standard  te s t  regulations specified by  various S tandard izing  Committees 
are critically discussed.

Refining processes are dealt w ith, b u t it is em phasized th a t  careful trea tm en t of the 
oil during its  period of service is more im p o rtan t th a n  its  chem ical trea tm e n t during 
refining. Care of th e  oil in service is discussed, and  th e  im portance  of efficient oil 
coolers and collectors, etc., is stressed.

Reference is made to  th e  possibility  of regenerating oil a f te r  d e te rio ra tio n  w ith age.
J .  L. E.

967. Studies in Lubrication. V. The Theory of Thick Film  Lubrication of Flooded
Journal Bearings and Bearings with Circumferential Grooves. M. M uskat and F.
Morgan. J . Appl. Phys., 1939, 10 (6), 398.— An extension  of th e  m eth o d  previously 
developed for finite length bearings fed w ith  lu b rican t sources (J. A p p l. Phys., 1939, 
10, 46) is applied to  flooded bearings of finite leng th . T he re su lts  a re  expressed in 
three graphs : (a) journal eccentricity against Som m erfeld criterion , S ; (6) relative 
load-carrying capacity against eccentricity ; (c) coefficient of friction  against S. In  
each case a series of lines of constan t bearing leng th  to  bearing d iam ete r ra tio  w  are 
plotted. I t  is shown th a t  eccentricities and  friction coefficients, for fixed values of S, 
decrease as w increases, w hilst th e  load-carrying capacity  for fixed eccentricity 
increases.

The effect of a central groove is to  give two bearings each w ith  characteristics 
determined by the  value of w  for th e  tw o halves. T he m ain  adv an tag e  of such an 
arrangement m ust therefore lie in th e  cooling produced  by th e  increased flow of oil 
and in overcoming negative pressures which m ight re su lt in film ru p tu re  in th e  case of 
a flooded bearing. p  ])

968. Patents on Lubricating Oil. R uhrchem ie A.-G. E .P . 504,350, 19.4.39. Appl.
1J. 10.37. Synthetic production of lubricating oils by  condensation  of hydrocarbons 
contaunng olefines using alum inium  chloride as condensation  agen t. T he hydrocarbons 
used are benzines obtained by cracking a t  460-510° C. an d  u nder 4-12 a tm . pressure,
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m ix tu res of hydrocarbons ob tained  sy n th e tically  from  CO and  H 2 by  th e  F isch er- 
T ropsch process, and  boiling above 150° C.

H . D. E lk ing ton . E .P . 505,141, 5.5.39. A ppl. 10.6.38. Refining of lubricating  oil 
w ith or w ith o u t th e  ad d itio n  of a  d iluen t by  trea tm e n t w ith  stro n g  acid and  separating  
th e  acid sludge in th e  presence of a  hydrocarbon  trea tin g  agen t of low mol. w t. a t  
tem peratures above th e  critical tem p era tu re  of th e  agen t.

H. D. E lk ing ton . E .P . o06,228, 24.5.39. A ppl. 10.6.38. Refining of lubricating  
oils w ith or w ith o u t th e  add ition  of a  d iluen t, by  m eans of concen tra ted  sulphuric acid.

H . G. Tovote. E .P . 506,532, 30.5.39. A ppl. 30.11.37. Process and  ap p ara tu s for 
improving th e  p o u r po in t of hydrocarbon  m ix tu re s  cont aining wax.

F. M. A rchibald. U .S .P . 2,157,315, 9.5.39. A ppl. 28.11.36. R em oving ash- 
forming co nstituen ts from  a residual pe tro leum  oil containing soaps dissolved there in  
(derived from  acid refining followed b y  a lkali wash), by  adding su lphuric  acid in th e  
form of acid sludge.

S. W . Ferris. U .S .P . 2,157,821, 9.5.39. Appl. 3.7.33. Refining of lubricating  oils by  
means of n itrobenzene an d  a low-boiling hydrocarbon  diluen t, e.g., nap h th a .

L. R . E vans. U .S.P. 2,158,358, 16.5.39. A ppl. 34.2.37. Dewaxing hydrocarbon  
oil in th e  presence of a  w ax  c ry sta l m odifying substance, e.g., crude m on tan  wax, 
alum inium  s teara te , etc .

F . X . Govers. U .S.P. 2,158,360, 16.5.39. Appl. 29.3.32. M anufacture of low pour 
tes t high v.i. lubricating  oil from  w ax-bearing m ineral oil by  m eans of liquid S 0 2 and  
monochlorbenzol.

F . X . Govers. U .S.P. 2,158,361, 16.5.39. A ppl. 16.9.32. Solvent ex trac tio n  of 
hydrocarbon oil using  a n  a lipha tic  e th e r selected from  th e  group consisting of iso- 
propyl and  e th y l e ther.

E. C. Know les. U .S .P . 2,158,370, 16.5.39. A ppl. 3.3.37. Dewaxing hydrocarbon  
oil by m eans of evaporative  cooling.

E. G. R agatz. U .S .P . 2,158,425, 16.5.39. Appl. 4.1.36. M ethod and  ap p a ra tu s  
for th e  vacuum  d istilla tio n  of lu b ricatin g  oils.

D. E . C arr an d  M. L . W ade. U .S .P . 2,158,671, 16.5.39. A ppl. 26.8.35. Dewaxing 
of hydrocarbon oils using  propane  an d  an  oxidized wax.

D. E . Carr and  M. L. W ade. U .S .P . 2,158,672, 16.5.39. A ppl. 15.12.36. Dew axing 
of hydrocarbon in w hich th e  oil is f irs t sub jected  to  th e  action  of oxygen-containing 
gases a t  150-500° F . for a  tim e w hich is insufficient to  oxidize m ore th a n  5%  of th e  oil. 
The oil is th en  dewaxed.

W . B. McCluer and  M. R . Fenske. U .S .P . 2,159,444, 23.5.39. A ppl. 23.6.34. Solvent 
extraction of hydrocarbon  oil using m eth y l e th y l ketone.

T. A. L a B recque. U .S .P . 2,159,994, 30.5.39. A ppl. 14.11.36. Reclaim ing ap p a ra tu s  
for hydrocarbon oils.

W . W . K ra f t  an d  W . J .  B loom er. U .S .P . 2,160,103, 30.5.39. A ppl. 23.4.35. D istil­
lation of residues containing sm all percentages of a sp h a lt in  th e  presence of a diluent, 
to  recover lubricating-oil stocks.

B. G. A ldridge an d  E . G. R a g a tz . U .S .P . 2,160,256, 30.5.39. Appl. 10.7.34. 
Vacuum d is tilla tio n  o f oils.

B. S. Greenfelder an d  M. E . Spagh t. U .S .P . 2,160,573, 30.5.39. Appl. 27.8.38. 
Separation of w ax in  dew axing processes for hydrocarbon  oils, in  th e  presence of a 
diluent containing N 2 bases sep ara ted  from  a cracked m ineral-oil d is tilla te  boiling 
between 115° an d  330° C. w - s - E - C-

See also A b s trac ts  Nos. 912, 913, 941, 942 and  950.
Z
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Asphalt and Bitumen.
qfin Recovery of Bitumen from Solutions and Mechanical Mixtures. H . K a m p tn e r.
f / 9:  Pétrole, 1937, 2 (Sect. 2), 6 3 7 -6 4 4 .-T h e  effect of v a rious o rg an «
solvents on th e  properties of b itum en recovered from  so lu tion  is considered. Carbon
disulphide and benzol are recommended.

The au tho r discusses th e  effects of d istilla tion  processes an d  gives deta ils  of an 
apparatus for vacuum  distillation  wherein th e  b itum en  so lu tion  is exposed as a  thm  
film thus reducing tim e and  tem pera tu re  of d istillation .

A special appara tus for centrifugal ex traction  of b itum m ous m ix tu re s  is described.
W. P. 

970 New Methods for Examination of Liquid Asphaltic Bitumen. M. C. Siegmann.
H»« Congrès Mond. Pétrole, 1937, 2 (Sect. 2), 645-652.— Two m eth o d s have been 
worked out to  m eet th e  following needs :—

(n) To recover and examine th e  whole of th e  b inder p resen t in a  ro ad  (at any 
stage in its  life) m ade w ith  a  cut-back asphaltic  b itum en.

(6) To determ ine w ith  reasonable accuracy th e  am o u n t and  q u a lity  of th e  
basic asphaltic bitum en and  of th e  volatile fluxing d is tilla te  in such a  binder, or 
in any cut-back asphaltic  b itum en  of unknow n origin.

The m ethods used are briefly as follows :—
(а) E x traction  w ith  CS2 followed by frac tiona tion  q u a n tita tiv e ly  to  separate 

the  CS2, leaving th e  whole of th e  binder.
(б) Closely defined and carefully controlled steam  d istillation .

Although th e  m ethods are ten ta tive , i t  is s ta te d  th a t  no o th e rs  a re  know n which 
can give equally reliable inform ation. C. F . J .

971. Penetration of Bitumen. P. W oog, J. G ivaudon and  L. D aulin. 21™ Congrès
Mond. Pétrole, 1937, 2 (Sect. 2), 655-657.— An investigation  of hysteresis effects 
associated w ith  th e  penetration  te s t.  I t  is show n th a t  prolonged periods of cooling 
a t  atmospheric tem peratu re  (e.g., 14 hrs.) re su lt in  figures 15%  low. F ree circulation 
of air during air cooling is stressed  as well as thorough  ag ita tio n  of th e  w ater-bath .

An exact procedure is given. C. F . J .

972. Apparatus for Determining the Electric Strength of Filling Compounds for Jointing 
Boxes. G. W. N ederbragt. I l mc Congrès Mond.. Pétrole, 1937, 2 (Sect. 2), 653-654.— 
The apparatus is fitted  w ith  flat electrodes which can be fixed an d  m ain tained  a t  any 
desired distance.

Filling compounds such as asphaltic  b itum ens can be exam ined in th e  tw o following 
ways :—

1. A prescribed constan t voltage is applied, an d  it  is ascertained  w hether this 
can be m aintained for a  given leng th  of tim e w ith o u t breakdow n tak in g  place.

2. The voltage, sta rtin g  from  a  low value, is increased a t  a  co n stan t ra te  until 
breakdown occurs. G. F. J .

973. Ductility of Asphaltic Bitumens. J. P. Pfeiffer and  R . N . J. Saal. IP " ' Congrès 
Mond. Pétrole, 1937, 2 (Sect. 2), 665-671.— T he a u th o r  d iscusses to  w h a t extent 
ductility  m easurem ents are a  m easure of cohesion of a sphaltic  b itum ens.

I  he behaviour of an  asphaltic  b itum en  in th e  d u c tility  te s t  is governed by the 
rheological properties of th e  bitum en, b u t th e  problem  is so com plicated  th a t  exact 
analysis is not yet possible. The judgm en t of b itum en  in  te rm s of d u c tility  a t  one 
tem perature or one ra te  of elongation m ay be very  m isleading. W . P.

974. Physico-chemical Researches on Bitumen Emulsions. E . Vellinger and  G.
Kadulesco. 21™ Congrès M ond. Pétrole, 1937, 2 (Sect. 2), 659-664.— T he degree of 
i ispeision of bitum en emulsions (prepared in a  high-speed m ixer) is d e te rm ined  by the 
Pii o îe aqueous phaso. N aOH solutions in  th e  absence of o th e r em ulsifying agents 
gi\ e s a e emulsions only over a  narrow  range of p a , th e  range depending on th e  type



of bitum en. A ddition  of o th e r emulsifiers (e.g., oleine) considerably widens th e  p B 
range over which fine dispersions a re  obtained.

At th e  p B giving th e  finest dispersion, s tab ility  is a m axim um , and  sedim entation a 
m in im um ; sed im entation  m ay  be modified, however, by  th e  electric charge on th e  
particles.

In  certain  cases th e re  is a m axim um  viscosity  a t a certain  p B of th e  aqueous phase. 
The viscosity can be increased by th e  add ition  of stearic  or sulphonic acids, th e  form er 
producing s tru c tu ra l v iscosity  and  m arked  th ix o tro p y . Sulphonic acids do n o t give 
thixotropic em ulsions, b u t  ten d  to  produce scum , p a rticu la rly  a t  low p B.

Coagulation of em ulsions b y  gravel, e tc ., decreases w ith  increasing p a  and  fineness 
of dispersion. A ddition  of sa lts  to  contro l p B re su lts  in a rap id  fall of viscosity, and  is 
therefore n o t a  p racticab le  m eth o d  of a d ju s tin g  s tab ility .

Storage stab ility  generally im proves w ith  increasing fineness of dispersion, b u t  no 
definite  correlation is to  be observed. \V. L . P.

975. Emulsions in Industry. H . L. B enn iste r an d  A. King. Chem. & In d ., 1939, 58, 
229-223.—The au th o rs  discuss th e  p ap er in d u stry  w ith  p a rticu la r reference to  th e  
sizing of e ither th e  p u lp  o r th e  finished p ro d u c t. Reference is m ade to  th e  use  of 
rosin, paraffin, cam auba , o r m o n tan  w ax em ulsion as beater-sizing m ateria ls for 
adm ixture w ith  th e  pu lp . These em ulsions are generally broken down in th e  p u lp  by  
the addition of a lum . P ap ers  m ade in  th is  w ay are  deficient in m echanical s tre n g th , 
although some of th e  m odem  syn th e tic  waxes give b e tte r  results .

For th e  p repara tion  of special papers by  m eans of b itum inous emulsions, soap, glue, 
and clay are th e  em ulsifying agen ts generally  used, em ulsions are added  to  th e  pu lp  
a t the  beater stage and  m u s t be s tab le . Clays are considered b e tte r  th a n  soap, in spite 
of th e  increased weight of th e  paper, and  su lph ite  lyes appear to  be b e tte r  th an  either. 
Coarse emulsions prepared  by  em ulsifying w ith  colloidal p astes of carbon d u st, silica 
gel, or m etal hydrox ides are also satisfac to rily  employed. I t  is s ta te d  th a t  th e  
emulsifier for w ax an d  b itu m en  should  be in ert an d  should  cause th e  dispersed product 
to  adhere to  th e  films, b u t  th is  does n o t appear to  have been achieved a t  p resent.

The adoption of surface-sizing w ith  em ulsions, particu la rly  w ith  wax, has enabled 
th e  undoubted  advantages of w ax  to  be u tilized  w ith o u t subsequent loss of paper 
strength . S atisfacto ry  em ulsions an d  m eth o d s of application  a t  high speeds do n o t 
appear to  have been ob tained  y e t. O th er emulsified m ateria ls used include n itro ­
cellulose, for which new ty p e  em ulsifying agen ts such as sodium  bu ty l-n ap h th y l 
sulphonate are used  ; p lastic izers m u s t be used , and  syn the tic  resins a re  norm ally 
required to  im p art special characteristics. R u b b er la tex  is n o t generally sa tisfacto ry .

H . G. W .

976. Manufacture and Use of Asphalts for Low Cost Road Construction in Canada.
J . E . E asterbrook  an d  R . K . S tra tfo rd . I I mt Congrès M ond. Pétrole, 1937, 2 (Sect. 2), 
687-692.-—A survey is given of road  developm ent an d  of com m ercial p ro d u c tio n  of 
asphaltic b itum en in Canada. T he change from  sh ee t-asphalt construction  to  low- 
cost types necessitated  experim ental an d  developm ent w ork which is briefly surveyed.

W . P .

977. Manufacture of Bitumens for Use in Road Construction. L. H em m er and  R . 
Flavigny. / I rne Congrès M ond. Pétrole, 1937, 2 (Sect. 2), 673—685.— The im p o rtan t 
properties of a  b itum en  in  re la tio n  to  ro ad  co n stru ctio n  are consistency an d  adhesivity . 
Consistency is discussed in  te rm s of conventional te s ts  an d  of com position while 
adhesivity is discussed in  te rm s of surface equilibrium , particu la rly  in th e  system  
b itum en-stone-w ater. V ariation  in  adhesion  w ith  th e  ty p e  of stone and  th e  possibility  
of improving adhesion b y  tre a tm e n t of th e  b itu m en  are discussed.

The émulsification of b itum ens is d iscussed in  re la tion  to  th e ir  origin and  m ethod  
of preparation b u t i t  is show n th a t  ém ulsification is also g reatly  affected by  th e  n a tu re  
of the process and  em ulsifying agen ts used .

The production  of m ore su itab le  b itu m en s for road  construction  h as become 
increasingly possible w ith  im proved technique of p roduction . W . P .
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q~r A N p w  Laboratory Test for the Durability of Road Binders. H .  C. B e n n e tt  and
D  W  Parkes & Ind., 1939, 58, 5 6 5 - 5 7 2 .- T h e  so-called “  ru b b er-s trip  te s t  ”
of these authors is an effort to em body in  a  single te s t  a ll th ose  p rop erties  which 
contribute to  the durability  of a road-binder. Prelim inary  co rre lation  w ith  accelerated 
carpet tests on th e  road showed th a t  th e  m ost sa tis fac to ry  were those  in which the  
binder was found to be ductile a fte r  w eathering, and  th a t  a  m easure  of th e  ductility  
before weathering was no guide to  its  behaviour a fte r  w eathering . T he b est resu lts 
were obtained w ith  a stan d ard  base ta r , oiled back w ith  a  ve ry  heavy  oil, and  th is  was 
found to bo m ost suitable for open-type carpe ts , b u t  u n su itab le  for o th e r ty p es of road 
work The tes t in its  present form  consisted in app ly ing  a  film of b inder 18 m m. square 
by 0 005 in. th ick  au tom atically  (or by  hand) on a  sh ee t of ru b b er. T he te s t  strips 
were then  artificially w eathered by placing th em  abso lu te ly  level in a  v en tila ted  oven 
a t  40 ±  0-5° C., and th e  critical tem p era tu re  observed a t  which th e  film cracked 
completely across when elongated 33%, deta ils and  d iagram s of th e  a p p a ra tu s  being 
given. Each binder was w eathered for five periods u p  to  7 2  h rs., an d  th e  critical 
tem perature p lo tted  for each period against th e  tim e of w eathering . I n  general, good 
correlation had again been observed betw een th e  behav iour in service and  th e  type 
of curve obtained in th is  te s t, and  it was found th a t  b inders w ith  h igh  critical tem pera­
tures, after weathering and showing curves w ith  steep  slopes, d id  n o t give satisfactory 
results in use. This will be confirmed by fu rth e r work. F u r th e r  investigation has 
shown th a t the  durability  of binders is scarcely affected by  th e  q u a n tity  or viscosity 
of th e  oiling-back oil, w ithin th e  range 100-300 sec. (B .R.T.A . a t  30° C.), b u t was 
strongly influenced by th e  quality , an d  th a t ,  if a  heavy-oil b inder was sto red  a t  an 
elevated tem perature, deterio ra tion  occurred, n o t revealed b y  stan d ard  distillation 
tests, bu t shown by high critical tem p era tu re  curves in th e  ru b b er s tr ip  te s t. I t  is 
pointed out th a t  th e  significance of th e  figures will depend on th e  m eth o d  of curing 
the binder on the  road, b u t in types of road construction  w here th e  b inder was subm itted 
in the  form of a th in  film to  m axim um  atm ospheric exposure, i t  had , however, been 
proved th a t  th e  te s t in its  present form gave a very  fair idea of d u rab ility .

H . G. W.

979. Examination of Road Wear. H. Booth. Chem. <Sc In d ., 1939, 58, 501-507.—
The au thor points o u t th a t  it is desirable to  m easure num erically  any  k ind  of change 
th a t occurs on a road, so th a t  it  can be p lo tte d  against tim e, traffic, and  w eather to 
ascertain the  real cause and  to  correlate it exactly  w ith  th e  p ro p er accelerated  laboratory 
test. Visual inspections are carried o u t a t  sufficiently close in te rv a ls  to  note any 
sudden changes in th e  road surface and  pho tographs taken , if necessary. I n  road tests 
all the measuring instrum ents are used a t  th e  beginning of th e  te s t  a t  sh o rt intervals, 
and these intervals gradually  increased u n til th e  largest advisable, which m ay be 
three-monthly, are found. The slipperiness of roads, pa rticu la rly  on w et surfaces, is 
measured by th e  sideway force coefficient of a  m otor-cycle w ith  a skew wheel on the 
side-car up to  about 50 m .p.h. and w ith  a high-speed car u p  to  70 m .p .h . Rapid 
auxiliary m ethods of estim ating  slipperiness are th e  te x tu re  p r in t of th e  surface and 
the  roughness index (obtained by spreading stan d ard  sand  as far as possible over the 
surface), and these are particu larly  useful for showing th e  g radual sm oothing or dis­
integration of a road. The la tte r  has been found th a t  on  a norm al road  th is  figure falls 
to a reasonably steady value afte r 12 m onths. T he disintegration of th e  road  is measured 
by weighing the  am ount of stone th row n to  th e  side of th e  road  daily , an d  th e  results 
show th a t th e  am ounts lost are in general a  function  of tem p e ra tu re  an d  are  greater 
the  colder th e  day. A lternatively, th e  ra te  of form ation  of po t-ho les can be used  as a 
criterion of road disintegration. Surface irregularity is m easured  on a  sixteen-wheeled 
carriage by a single indicating wheel in th e  centre by  (a) a  p rofilograph o r (6) a  rise 
integrator, uh ich  m easures th e  to ta l unevenness upw ards as p e r mile, or (c) a  classifier, 
which counts th e  num ber of rises betw een successive fixed am ount s differing by 0 1  in., 
and is found to  decrease on a norm al road to  a  co n stan t figure a f te r  a b o u t 6 m onths ; 
transverse profiles are also taken  to  give th e  change in level a f te r  m aking. Reference 
is made to various o ther m ethods for exam ining th e  s ta te  of a  ro ad  surface, such as 
(a) p otographic views for accidental dam age and  repairs an d  to  find o u t whether 
severe breaking contributes to  road failure, (6) p la s te r  c as ts  of th e  road  surface, (c) 

e ec ion ot a s îeet of rubber by  direct p ressure  to  m easure surface roughness, (d)
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counting th e  stones lo s t from  a  surface, an d  (e) ten ta tiv e  m ethods of m easuring road 
hardness. T he p ap er concludes w ith  a  brief account of th e  s ta tis tica l records th a t  are 
m ade of certa in  influences th a t  affect ro ad  wear— nam ely, traffic tonnage and  tra n s ­
verse d istribu tion  of traffic (using th e  axle counter), road-surface tem pera tu re  and  th e  
duration  of w et an d  d ry  surface conditions (using th e  w et road clock). In  general, th e  
four m ost heavily  loaded 1-ft. s trip s  on a  30-ft. carriage-w ay are ab o u t 4 and  10 ft. 
away from  each kerb. j j .  G. W.

Special Products.

9S0. Dehydration of Organic Liquids with Activated Alumina. R . B. D err an d  C. B . 
Willmore. Industr. Engng Chem., 1939, 31 (7), 866.—T h e  application  of ac tivated  
alumina to  th e  d rying of organic liquids is discussed. E xperim ental re su lts  on th e  
drying of e th y l and  b u ty l a ce ta tes , pyrid ine  and  gasoline, are reported . A commercial 
scale u n it a t  p resen t in  operation  for th e  dry ing  of benzene and  to luene is described, 
and applications of d ry ing  by  a c tiv a ted  a lum ina to  ca ta ly tic  processes and  th e  
production of h igh-grade w ater-free organic so lvents are ind icated . H . E . T.

981. Oils for Transformer and Switch-gear. H . R ich ter. //"■* Congres M ond. Petrole,
2 (Sect. 2), 693-698.— T he selection and  trea tm e n t of oils to  be used for transform ers 
and sw itch-gear a re  d ea lt w i th ; th e  effect of ageing is discussed, an d  th e  im portance 
of appropria te  care of th e  oil is em phasized. J .  L. E .

982. Catalytic Change in Mineral Oils used for Transformers. M. M. Muller. I I me 
Congres Mond. Petrole, 2 (Sect. 2), 698—706.— Changes in m ineral oils have been stud ied  
by following th e  abso rp tion  of gaseous oxygen in th e  oils heated  to  various tem pera tu res 
below 150° C .; th e  effect of ca ta ly s ts  (copper an d  copper steara te ) has also been studied .

A t tem pera tu res below 150° C. over-refined oils absorb  m uch m ore oxygen th a n  do 
less highly refined o n e s ; above 150° C. th e  volum e of oxygen absorbed by all oils is 
about th e  same.

The resu lts  ob tained  are  applied  to  a  s tu d y  of oil s tab ility . J .  L. E .

983. Use of Anti-oxidants in Transformer Oils. E . Vellinger and  N. Saito. II"'e 
Congres Mond. Petrole, 2  (Sect. 2), 707-712.— T he stab ilization  of over-refined tra n s ­
former oils by  th e  use  of an ti-o x id an ts  h as been stu d ied  system atically  a t  several 
tem peratures and  concen tra tions.

Twenty-two com m on an ti-o x id an ts  were considered, and  th e  effect of th e  source of 
the oil on th e  efficiency of several of th ese  w as determ ined.

Finally, th e  decrease in  efficiency of an ti-o x id an ts  in th e  presence of oxidation  
catalysts such as Cu and  Cu s te a ra te  w as dem o n stra ted . J .  K .

984. Action of Sparks and Electric Arc on Mineral Oils. A. M aillard and  Chibaeff. 
I l me Congres M ond. Petrole, 2 (Sect. 2), 713-716.— T he action  of an  electric arc on 
mineral oils has been stud ied . V aria tions in  th e  physical p roperties of th e  oil and  th e  
quan tity  of carbon produced  have  been determ ined.

A fter a sufficiently large n u m b er of d ischarges, enrichm ent of th e  oil by  heavy 
products soluble in i t  and  fo rm ation  of an  insoluble deposit occurred.

In  a  high-tension system  such  as w as used  explosions could occur w ith  th e  com ­
bustible gaseous m ix tu res w ith o u t th e  ac tu a l presence of sparks. J .  L. E.

985. Patents on Special Products. W . A. F arenho ltz , G. H ubbe and  H . H ubbe.
E. P. 506,104, 23.5.39. A ppl. 8.6.38. P ro d u c tio n  of ox idation  p ro d u c ts  (e.g., of fa tty  
acids and  alcohols) from  h y drocarbons of high m olecular w eight, by  oxidation  w ith  
gaseous oxidizing agen ts.

C. A. Jacobson. U .S .P . 2,156,591, 2.5.39. A ppl. 29.6.36. M anufacture  of carburized 
silica from coal-tar and  finely div ided siliceous p ro d u c t of th e  n a tu re  of d iatom aceous 
earth . W . S. E . C.
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Detonation and Engines.
986 Diesels. L. J . Logan. Refiner, 1939, 18 (4), 165.— A general su rvey  of th e  use  of 
the  "diesel in U.S.A. In  1938 th e  use  of diesel oil b y  th e  ra ilroads to  pow er passenger 
trains increased 82%, although  th e  to ta l  q u a n tity  of a ll fuels consum ed in  passenger 
service declined by 6%. O perating economies of 50%  or m ore ap p aren tly  exp lain  the  
increased use. Based on car-mile operation  in  passenger service, diesel oil cost 1 cent, 
as against 2-3$ cents for o th er fuels. I n  yard-sw itching o r goods service diesel-oil 
economy was even more clearly dem onstra ted , w ith  costs p e r locom otive h o u r of only 
28 cents, against com parative fuel costs of 1 dollar o r m ore. T he use  of diesel engines 
in power-stations, tractors, trucks, and pum ping-sta tions is also discussed.

G. R . N.

987. Utilization of Waste Heat from Diesel Engines. H . J .  F o u n ta in . Diesel Eng. 
Us.' Ass., Pub. No. S. 151, paper read  8th  M arch, 1939.— T he general m eth o d  a t 
present in use for th e  utilization  of w aste h ea t from  diesel engines is th e  absorp tion  of 
the  heat from th e  exhaust and jackets in  w a ter contained in  a  boiler, th e  design of 
which is determ ined by th e  purpose for which th e  w aste  h e a t is to  be used . F o r heating 
and drying th e  required h ea t m ay  be ob tained by  circulating  th e  jack et-w a ter in pipes 
through th e  buildings. W here diesel-electric p lan t is fitted  an d  th e re  is a  dem and for 
heat, a silencer-electric boiler is recom m ended for im proving load  fac to r and  heat 
ou tpu t a t  light loads. W here electric power is th e  p rim ary  consideration, an  additional 
steam-driven generator is indicated. F o r refrigeration  o r air-conditioning p lants, 
high-pressure steam  can be generated in silencer boilers and  used  in  conjunction  with 
refrigerators of th e  steam -jet type.

The complete layout of a  com prehensive heat-u tiliza tion  scheme for power, h ea t and 
cooling, adopting some of th e  above principles, is outlined and  th e  cost of operation 
indicated. D etails are also given of m any specific exam ples of u tiliza tio n  of waste 
heat in engineering works, pow er-stations, railways, and  in  o th e r lan d  and  marine 
installations. The au th o r finally indicates th e  d irections in which u tiliza tion  could 
be made of th e  v a st quan tities of w aste h ea t available from  aeroplane engines.

T . E . P.

988. Piston-ring Blow-by on High-speed Petrol Engines. C. G. W illiam s an d  H . A.
Young. Engineering, 1939, 167 (3830), 693; (3831), 723.—A wide v a rie ty  of tes ts  
were carried o u t on one four-cylinder and  also on tw o 500-c.c. O .H .V . single-cylinder 
engines, one air-cooled, and  th e  o th e r water-cooled. A brief descrip tion  of th e  plant 
and of each te s t  as i t  was carried o u t is given and  th e  following conclusions are reached. 
The general tendency is for blow-by to  be constan t o r to  rise sligh tly  u n til a  critical 
engine speed is reached above which it  rises very  rap id ly  an d  becom es excessive. This 
rapid increase of blow-by is a ttr ib u te d  to  “  ring f lu tte r ,” o r v ib ra tio n  of th e  rings in 
their grooves. H igh B .M .E.P.s ten d  to  increase th e  c ritical speed for “ flu tte r,” 
whilst large side clearances of th e  rings an d  low rad ia l p ressu res lead  to  flu tte r a t 
comparatively low speeds ; for th is  reason good design indicates narrow  high-pressure 
rings w ith small side clearance, a lth o u g h  some com prom ise is required . Reduction 
of blow-by a t  high speed can be achieved by  reducing th e  clearance beh ind  th e  rings, 
th u s limiting their am plitude of v ib ration , and  also by  hav ing  v ery  large ring gaps 
(015 in.), which prevent breakage by th e  ends of th e  rings b u ttin g  to g eth e r, although 
such large gaps cause increased blow-by a t  low speeds. T he viscosity  of th e  lubricating 
oil has no effect w hatever on th e  am ount of blow-by p a s t th e  rings. Ign ition  timing 
has the  effect of increasing blow-by as th e  spark  is advanced.

The authors have liberally illu s tra ted  th is  article  w ith  d iagram s an d  curves, and 
from their conclusions p u t forw ard a  ten ta tiv e  th eo ry  for “ ring  f lu tte r .”  T. E . P.

989. Influence of Speed on Heat Loss in Petrol Engines. W . T. D avid. Engineer, 
1939, 167 (4354), 765.—The a u th o r  investiga tes th e  influence of speed on th e  heat 
osses to  th e  cylinder head and  barre l, ex h au s t valves, p o rts , and  passages in  petrol 

engines in connection w ith  th e  design of cooling arrangem ents.
he results indicate th a t  th e  ra te  of h ea t loss th ro u g h  th e  cylinder h ead  an d  barrel 

is piactically constant and independent of speed, w hilst th e  ra te  of h ea t loss to  the



ABSTRACTS. 3 2 5  a

exhaust system  (i.e., e x h au s t valves, p o rts , an d  th o se  p a r ts  subjected to  scrubbing 
by th e  exhaust gases) varies a lm ost d irectly  w ith  th e  speed. F o r th is  reason th e  sleeve- 
valve engine w ith  sh o rt p o r ts  is m uch  easier to  cool th a n  a  poppet-valve engine w ith  
long exhaust passages.

Figures for th e  d is trib u tio n  of h ea t to  cooling w a ter a t  various speeds are tab u la ted  
for engines of b o th  p o p p e t an d  sleeve-valve ty p es . T . E . P .

990. Laboratory Method for Indicating Road Performance of Motor Fuels. H. G. Sm ith. 
Refiner, 1939,18, 177.— T he m ain  difficulty in  developing a lab o ra to ry  m ethod to  assess 
the  road perform ance of m o to r fuels lies in  th e  tim e elem ent fo r loading th e  engine and  
picking up  speed. A n in ertia -lo ad  system  for absorbing pow er b y  m eans of a  su itab ly  
designed flywheel w ith  sh a ft on  ro ller bearings affords a  tim e in te rval of ab ou t 90 sec. 
for observations. T he A .I.L . te s t  emit (acceleration—inertia—load) em ploys a  2550-lb. 
alloy steel flywheel hav ing  an  in ertia  of th e  order of a n  average w eight car upon  
acceleration, in com bination w ith  a  240-h.p. hydrau lic  dynam om eter for decelerating 
the engine. T he m o to r fuel to  be te s te d  is ra te d  successively in  a  S tan d ard  F ord  
V-8, 85-h.p. u n it, a  s ta n d a rd  C hevrolet u n it, and  a  s tan d ard  P ly m o u th  u n it. Secondary 
reference fuels A, C, an d  F , rang ing  from  40 to  90 octane num ber, are used  to  b racket 
the fuel. To estab lish  a  w orking hasis a s tra ig h t-ru n  av iation  gasoline of 70-5-7T5 
octane num ber is alw ays in itially  te s ted .

After norm al r unn ing conditions a re  obtained, th e  w a ter is drained  from  th e  d y n a­
mometer so th a t  th e  entire  loading of th e  engine is affected by  th e  inertia  of th e  flywheel. 
The engine fuel supp ly  is sw itched to  th e  sam ple u n der te s t .  A t 8 m .p .h ., w ith  th e  
t ransm ission in  high  gear, th e  th ro tt le  is opened to  th e  po in t of m axim um  knock, and  
knock in tensity  is determ ined  a t  increasing speeds u p  to  35 m .p .h ., th e  ra tin g s being 
none, trace, light, ligh t m edium , heavy  m edium , heavy, or destructive. T he procedure 
is repeated w ith  b lends of th e  reference fuels th a t  b racke t th e  te s t  fuel. The octane 
num ber of th e  sam ple is  th e n  de term ined  from  th e  C .F.R .—A.S.T.M. calib ra tion  curve. 
The A .I.L . road  ra tin g  is th e  average of th e  ra tin g s in th e  th ree  different ty p es of 
engines. The re su lts  on 246 sam ples ra te d  b y  a com plete series of te s ts  in  all th ree  
engines indicated  a  rep roducib ility  of ±  one octane num ber. G. R . N .

Coal and Shale.
991. Coal Dust as Engine Fuel. Anon. Chem. Trade J., 31.3.39, 104, 311.— In  a survey 
of the  developm ent of th e  co al-d u st engine th e  view is expressed th a t  it is now ready 
for service tria l. T he use  of w ear-resisting  steels h a s resu lted  in  extensive reduction  of 
cylinder wear, w hilst con tam ina tion  of th e  lub rican t is avoided by  th e  provision of 
special stuffing-boxes. I t  is claim ed th a t  th e  prob lem  of th e  choking of th e  dust-valves 
is alm ost solved. T he princip le of th e  o p eration  of th e  engine is described.

R . J .  E .

992. Additive lor “ Dust-proofing ” Oils. Anon. N at. Petrol. News, 17.5.39, 31 (20), 
R. 214.—According to  th e  an n u al re p o rt  of th e  B ritish  F uel R esearch S tation , th e  
addition of 0-5% ru b b e r o r of a  com m ercial substance  of m ol. w t. 50,000—100,000 
(understood to  be an  isobutylene polym er) g reatly  im proves th e  efficiency of oils used  
for dust-proofing coals. T h e  function  of th ese  add itives is to  close th e  entrances to  
the pores, preven t th e  p e n e tra tio n  of th e  oil in to  th e  coal, and  so to  reduce th e  q u an tity  
of oil required. L ittle  evidence h as been found to  su p p o rt th e  claim  m ade in  some 
quarters th a t  th e  oil tre a tm e n t of coal im proves th e  com bustion  characteristics and 
weathering. H- Cl.

993. Low-temperature Carbonisation, Ltd. Anon. Chem. & In d ., 1939, 58, 492- 
494.—A general descrip tion  of th e  p la n t an d  process a t  th e  “ Coalite ” W orks a t  
Bolsover.

The coal, m ined in  th e  ad jo in ing  colliery, is w ashed to  ab o u t 3%  ash . F ro m  th e  
washing p lan t th e  coal is conveyed to  concrete bunkers. T here are six teen  of these, 
and each is 70 ft. h igh. A s several seam s of coal are used  an d  th e y  have to  be blended 
in very precise p ro p o rtio n , each  ty p e  of coal is iso lated  in  its  a llo ted  bunker. T he coal



3 2 6  a ABSTRACTS.

is blended by ad justm ent of th e  speed of electrically  o p erated  conveyors runn ing  from 
each bunker. The final m ix tu re  passes by  e levators an d  conveyors to  th e  re to r t  feed- 
bunkers, situated  above th e  eight ba tte ries of re to r ts  which hold  a b o u t 500 tons of 
coal—approx. 24 hrs. supply.

Condensed crude oil from th e  re to rts  passes to  storage tan k s , w hilst th e  uncondensed 
gas passes to  electrostatic precip ita tion  cham bers, w here i t  is sub jected  to  a  sta tic  
discharge of 80,000 vo lts in order to  remove all suspended  m a tte r . T he gas is then  
stripped of petro l and re tu rned  to  gas-holders for u se  as fuel on  th e  p lan t. Ammonia 
may be extracted  as th e  sulphate , and  th e re  is a  good dem and for th is  fertilizer in the 
locality.

The crude oil is split in to  four oil fractions and  p itch  in  a  p ipestill u n it. M ost of the 
oil fractions are rich in phenolic bodies, and  these  are rem oved by caustic-soda washing.

The washed oil is worked up for p e tro l and diesel oil.
The cresylate is subjected to  a  series of purification trea tm e n ts  an d  th en  hydrolysed 

by acidification with C 02 generated from  coke in p roducers. T he c resy la te  acids are 
99-100% pure. Caustic soda is produced on th e  p lan t, an d  th e re  will eventually  be 
four causticizers each of 11,000 gal. capacity .

Owing to  th e  tem perature  employed and  th e  m eth o d  of d is tilla tion , th e  germicidal 
value of some of th e  ta r  acids is alm ost four tim es as g rea t as th a t  of s ta n d a rd  products 
from other sources. T . C. G. T.
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Theory of Lubrication. B y Mayo D yer H ersey . 2nd E dition , 1938. Pp. x i +  175.
J .  W iley & Sons, Inc ., New Y ork, and  Chapm an & H all, L td ., London. Price
1 2 «. 6 d.

The book is based  on a  series of lectures on th e  m echanics of lubrication, given 
a t  Brown U niversity  in  1934, and  repea ted  a t  Yale U niversity  and  M assachusetts 
In s titu te  of Technology in 1935. These lectures aim ed a t  giving th e  scientific back­
ground of m odem  lubrication .

The book is addressed  to  th e  g rad u ate , and  n o t d irectly  to  th e  undergraduate . 
However, a lth o u g h  th e re  is m uch  in  th e  te x t  which is advanced knowledge, th ere  
is also m uch w hich can be read  an d  apprecia ted  by  th e  in telligent s tu d en t. Engineers 
will find th e  sub ject in te res tin g  an d  helpful. The wave of sim plification which 
traverses th e  several lectures m u s t encourage th e  tim id  reader to  carry  on, a lthough  
a t  first sight th e  m ath em atica l asp ec t m ay be form idable.

The first ch ap ter is devoted  to  a n  h isto rical in troduction . T he second ch ap ter 
deals w ith  viscosity  an d  its  re la tio n  to  friction. As v iscosity  is th e  m ost im p o rtan t 
property  of a lub rican t, a  t ru e  concept should  be available. To show th e  practical 
na tu re  of th e  sub ject, a  num erical exam ple is given. T hen  follows a  ch ap te r on 
hydrodynam ic theo ry . G enerally, re p o rts  on th is  th eo ry  are p re tty  h ard  reading, 
so it becomes p leasan t to  read  of i t  w ith  a  l ittle  less tension.

T em perature rise in  bearings has alw ays been a  m a tte r  of consideration, b u t  to -day  
it is a high fight in  engine design. W h ilst we m ay n o t know and  cannot a scerta in  
surface tem p era tu res  w ith in  th e  bearing u n it, we can con ten t ourselves w ith , and  
make good use  of, such  m ate ria l as is available w hen considering tem p era tu re  
d istribu tion  in th e  m eta l and  in  th e  oil film .

Oiliness has been a  fund am en ta l p rob lem  since 1896, w hen K ingsbury  w as 
struggling w ith  th is  unsolved problem . M any te s ts , b o th  s ta tic  and  kinetic, have 
been advocated  in  th e  a tte m p t to  evalu a te  re la tive  oiliness of different lubricants. 
Some of th em  have co n trib u ted  to  w h a t appears to  be a  c rystallization  of th e  
phenomenon. T he variables an d  difficulties in  th e  experim ental w ork are clearly 
outlined by  H ersey.

Many of us glance th ro u g h  a  book  and  form  hurried  opinions, b u t  th e  a u th o r  of 
“ Theory of L ubrication  ”  h a s  given a  sum m ary  tow ards th e  end of th e  book to  
enable th e  reader to  o b ta in  a  panoram ic view. F inally , as a  p o stsc rip t, he  continues 
w ith a ch ap ter on R ecent D evelopm ents. I t  is therefore  correct to  say  th a t  th e  
book is up  to  d a te  to  th e  end of 1937.

The o p in i o n  o f  t h e  r e v i e w e r  i s  t h a t  t h e  b o o k  i s  e x c e e d in g l y  w e l l  w r i t t e n ,  a n d  m u s t  
m a k e  a  l a s t i n g  i m p r e s s i o n  o n  t h e  m i n d  w h i c h  i s  i n t e r e s t e d  i n  t h e  s c ie n c e  o f  
l u b r i c a t i o n .  E .  A . E v a n s .

Piping Handbook. B y J .  H . W alker an d  S. Crocker. T h ird  E dition , 1939. P p . xi +
897. M cGraw-Hill P u b lish ing  C om pany, L td ., L ondon, W.C. 2. Price 36«.

The well-known “  P ip ing  H andbook  ” by  M essrs. J .  H . W alker and  Sabin Crocker 
has been revised and  b ro u g h t up  to  d a te  in  th e  th ird  edition ju s t  received. T his 
exhaustive trea tise  covers a  wide field of engineering practice  as applied to  p ip e ­
work, and  embodies a u th o rita tiv e  inform ation  culled from  num erous specialists in 
the  various phases of th is  im p o rta n t subject.

The rap id  advance of m o d em  in d u s tr ia l p rocess continues to  call for h igher 
tem peratures and  pressu res, an d  m any  long-established s tan d ard s  have, in 
consequence, been m odified o r abandoned  to  m eet p resen t-day  conditions. These 
departures are described a t  len g th  in  th e  “ Pip ing H andbook ,” and  valuable inform a­
tion is given on th e  m eta llu rg y  of p ip ing  m ateria ls and  th e ir  selection to  su it
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specific duties. The ou tstand ing  change in  o u r tim e h as u n d o u b ted ly  been th e  
universal adoption of welding b o th  in  w orks fabrication  of p ip ing an d  fittings and 
th e  elimination wherever possible of screwed or bo lted  jo in ts  in  in sta lla tio n . This 
procedure has necessitated th e  in troduction  of m any  new s tan d ard s , an d  a  w ealth 
of information is given in th e  handbook on p ro d u c tio n  m ethods, s tre ss  relieving, 
dimensions, weights and  te s t  requirem ents, etc . T he different ty p es  of flanged 
joints, screwed connections and  p ro p rie ta ry  jo in ts  an d  couplings now in  use  are 
classified and their m erits discussed in re la tion  to  th e ir  p a rticu la r  application.

Very full inform ation is given on th e  lay o u t of p ip ing  system s w ith  regard  to  
flexibility, and th e  provision of su p p o rts  and  anchors to  tak e  care of th e  stresses 
encountered from tem peratu re  and  pressure  differences. T he m ath em atica l solution 
of num erous examples is given, an d  th e  d a ta  are of th e  g rea tes t value  to  pipe-work 
designers and draughtsm en. Exam ples are also included of typ ica l lay o u ts and  the 
essential requirem ents of system s dealing w ith  a  v a rie ty  of gases and  liquids. These 
examples are obviously th e  outcom e of experience, an d  are  therefore  of practical 
value in avoiding th e  p itfa lls so frequently  m et w ith  in  th e  tra n sp o rta tio n  of fluids 
in pipes.

On the  subject of flow of fluids in pipes th e  a u th o rs ’ adop tion  of th e  ra tional flow 
formula making use of Reynolds num bers for th e  so lu tion  of th ese  problem s is 
welcomed. Of flow formulae, empirical o r otherw ise, i t  can be said w ith o u t exaggera­
tion “ Their name is legion,” and  th e ir indiscrim inate use leads to  resu lt s so conflict­
ing as to  be of no practical value. The re levant d a ta  in tab u la r  and  graphical form 
for the  determ ination of significant factors an d  reduction  to  self-consistent units 
are m ost useful, and  likewise th e  various p ractica l exam ples show clearly the 
procedure to  be adopted  in th e  solution of flow problem s.

The au tho rs are to  be congratu la ted  on having com piled in  a  single volume so 
complete a survey of pipe practice of th e  p resen t day, and  on presen ting  th is  informa­
tion to  engineers in such a clear and  concise form. J .  R . H a r k n e s s .

Robbery Under Law. B y Evelyn W augh. P p . 286. C hapm an & H all, London. 
1939. Price 10«. 6d. net.

Mr. W augh says th a t  he  w ent to  Mexico to  w rite  a  book  ab o u t i t  in order to 
verify and reconsider im pressions form ed a t  a  d istance. T he fac t th a t  h is more 
intim ate impressions were gathered during  a  v isit of less th a n  tw o m o n th s’ duration 
raises th e  question w hether any  w riter, how ever skilled he  m ay  be in  observation 
and deduction, could possibly te ll a  tru e  s to ry  a b o u t so com plex a  subject with 
m aterial so rapidly  acquired.

In  his in troductory  rem arks Mr. W augh an tic ipa tes th is  question  and  supplies 
his answer, which is to  th e  effect th a t  such is th e  h a b it of professional w riters, and 
th a t in th is  they  are less p resum ptuous th a n  th e  b a rris te r  or th e  m edical specialist, 
who, w ith even less foreknowledge of th e  conditions su rround ing  th e ir  clients’ 
case, can conduct a litigation or diagnose a  disease.

Mr. W augh’s comparison is n o t a ju s t  one, however, an d  h is book b e tra y s  him, for 
a  very great num ber of his s ta tem en ts  could only have  been based  on hearsay 
evidence which neither th e  law yer no r th e  do c to r w ould d ream  of accepting as a 
foundation for conducting th e  case of th e ir  clients.

Nevertheless for a  reader who has resided in Mexico for an y  len g th  of tim e and has 
had the  opportun ity  of acquiring a  real and  in tim ate  acquain tance  w ith  th e  life and 
character of its  inhab itan ts, th is  book can be accepted  as a  very  fair and  accurate 
sum m ary of th e  p resent s ta te  of affairs in  th a t  u n h ap p y  country .

For readers who have no t had  th is  o p p o rtu n ity  m any  of Mr. W au g h ’s disclosures 
will appear unbelievable, b u t if th ey  should  feel an y  d o u b t ab o u t th e  possibility  of 
such happenings as those  described th ey  should  read  “ T he R osalie E v an s’ L etters 
from Mexico, a book which recounts th e  tragic h is to ry  of a  w om an, th e  American 
wit'o of an English coffee-planter, who a tte m p te d  single-handed to  defend h er dead 

usband s property  in Mexico and  who was m urdered  as a  re su lt, in sp ite  of strenuous 
efforts by th e  B ritish  Governm ent to  secure p ro tec tio n  for h e r from  th e  Mexican 

overnment. This episode occurred fifteen years ago, and  is n o t m entioned by Mr, 
augh, b u t i t  is historically  im p o rtan t, because i t  led to  th e  w ithd raw al from 
exico of the  B ritish  chargé d ’affaires a f te r  he  h a d  vain ly  tr ied  to  p ro tec t Mrs.
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Evans and  h ad  a lready  becom e persona non grata to  th e  Obregon G overnm ent 
because of h is frequent p ro te s ts  aga in st th e  unlaw ful seizure by  th a t  G overnm ent of 
B ritish p ro p e rty  and  in te res ts .

The recent barefaced th e f t  of th e  foreign-owned oil p roperties has focused th e  
a tten tion  of th e  civilized w orld upon  th e  presen t , an d  still more c o rru p t and  rapacious 
Cardenas régime. Mr. W augh  d evotes 43 pages to  an  adm irable and  lucid exposition 
of th e  events leading up  to  th is  sham eful episode, and  of th e  heroic b u t  va in  struggles 
of th e  Companies to  defend th e  legitim ately  acquired  in te res ts  of th e ir  shareholders.

In  a  succeeding ch ap ter, en titled  “ T he Good N eighbour,” th e  a u th o r  discusses th e  
interrelationship of th e  U n ited  S ta te s  and  Mexico from  th e  tim e of th e  early  English 
colonists to  th e  p resen t tim e. T his ch ap ter is am azing in  i ts  revelations and  a lm ost 
incredible in i ts  im plications.

Mexico is depicted  here, n o t as a  c o u n try  of uncivilized In d ian s recently  freed 
from th e  Spanish yoke and  strugg ling  to  e stab lish  itse lf as an  independent self- 
governing n a tio n  w ith  th e  k indly  advice an d  assistance of i ts  n o rth e rn  neighbour. 
On th e  contrary , th e  M exicans a re  show n to  have been possessed of a civilization 
and culture far in advance of t h a t  p revalen t in th e  U n ited  S ta te s  during  th e  colonial 
period, w hilst th e  Good N eighbour is p o rtray ed  as a m ischief-m aking busybody  
largely responsible for th e  u n fo rtu n a te  co u n try ’s p resen t troubles.

This arra ignm ent of th e  U n ited  S ta te s  before th e  b a r  of public  opinion is a serious 
m atter, and  m ay  well raise in  th e  read er’s m ind  th e  question  w hether Mr. W augh is 
not going outside th e  province lim ited  by  his personal im pressions when he accuses a 
U nited S tates A m bassador of being “ tied  up  ” w ith  Am erican comm ercial in te rests, 
of using th e  em bassy as h ead q u arte rs  of those  in te rests, and  of deliberately  se tting  
himself to  destroy  th e  M adero adm in istra tio n  because th e  la t te r  was opposed to  or 
in com petition w ith  such in terests.

F u rth e r th a n  th is , Mr. W augh m akes o u t th a t  in  th e  tw o blackest crimes of recent 
Mexican h isto ry— th e  m urders of M adero an d  F a th e r  Pro— there  was in  each case 
an American A m bassador a t  h an d  who alone could have av erted  it, and  he finishes 
th is chap ter w ith  th e  rem ark , “ Once m ore, a t  a  crucial m om ent in  M exican h isto ry , 
when a choice w as im m inent betw een fu r th e r  vio lent experim ent and  a re tu rn  to  
saner counsels, th e  U n ited  S ta te s  have  len t th e ir  influence to  th e  disorderly  side.”

Now, these  an d  several o th e r m a tte rs  d ealt w ith  in th is  ch ap ter could n o t have 
been enacted under th e  personal observation  of Mr. W augh. I t  is doub tfu l w hether 
some of them —for instance, th e  circum stances surrounding th e  d ea th  of M adero 
and Pino Suarez— cam e w ith in  th e  personal cognizance of h is inform ants, w hoever 
they m ay be.

The rem aining chap ters  of th e  book m ake gloom y reading to  those  who have 
known Mexico in  qu iete r an d  m ore p rosperous tim es. The country  has a lready  
relapsed in to  s ta rk  anarchism , i t  is m oving tow ards conditions which m ay  easily 
provoke a w orld conflict.

Already, according to  Mr. W augh, th e  M onroe doctrine  is being challenged by  
Germany all over South  Am erica, G erm an and  I ta lia n  business firms control im p o rtan t 
industries all over th e  con tinen t, th e  a ir lines a re  p redom inantly  Germ an, w ith  
control of th e  landing-grounds, I ta lia n s  a re  tra in in g  th e  B olivian a rm y  an d  th e  
Lima police force, w hilst in Mexico, on  th e  G uatem ala  border, G erm an p lan te rs  have 
im ported large q u an tities of a rm s an d  m ain ta in  a  p riv a te  defence force. I t  is far 
from fan tastic  to  believe th a t  in  th e  even t of political conditions in  Mexico being 
propitious, G erm any is p rep ared  to  in tervene w ith  v a s t, ready-m ade p lans for tak ing  
control.

For th e  petro leum  in te res ts  these  pessim istic p rognostications have a  special 
significance ; a lready  th e  governm ents of o th e r oil-producing countries in S ou th  
America are showing a  tendency  to  ad o p t a leftw ard  policy, probably  stim u la ted  by 
pro-Nazi p ropaganda. A lready th e y  have  seen th a t  th e  Monroe doctrine  has 
relapsed in to  a  dog-in-the-m anger a tt i tu d e  w hich opposes th e  in te rven tion  of 
foreign Pow ers in  defence of th e ir  leg itim ate  in te rests, b u t does no th ing  m ateria l to  
protect those in te rests u n d er i ts  im plied guarantee .

This book should undo u b ted ly  be w idely read . I t s  readers m ay n o t agree entirely  
with Mr. W augh’s in te rp re ta tio n  of h is im pressions, th ey  m ay  even see a ray  of hope 
in his affirm ation th a t  th e re  is a  religious revival in progress th a t  is transfo rm ing  
the  Mexican Church ; d riven  in to  th e  catacom bs, th e  C hurch is recovering i ts  sp irit,



b u t w hether th is  recovery can  become effective in  tu n e  to  save th e  co u n try  from  
u tte r  disintegration, political, social and  m oral, only tim e can  show.

J .  M c C o n n e l l  S a n d e r s .

3 3 0  A PUBLICATION RECEIVED.

Das Erdol im Weltkrieg. B y F . F riedensburg. P p . 131. M aps 4. T ables 34.
Ferdinand Enke Verlag, S tu ttg a rt. 1939. Price R.M. 10.

Statesm en and  journalists alike have frequently  stressed th e  p a r t  p layed  by  oil 
in deciding th e  outcome of th e  W orld W ar of 1914-18. Some have  assigned to  i t  th e  
credit for°the victory  of th e  Allies— others have m ain tained  th a t  th e  com petition 
for oil supplies was th e  m ain  cause of th e  prolongation  of hostilities. N um erous 
popular and som etim es sensational articles have been w ritten  during  th e  las t 
tw enty years, b u t up  till now no reliable and  system atic analysis of th e  num erous 
in ternational sources of lite ra tu re  on th e  subject, appears to  have been m ade. The 
present book purposes n o t only to  represent, by  a  careful sifting an d  exam ination  of 
sources of inform ation, a reliable estim ation  of th e  p a r t  p layed  b y  oil in  th e  course 
and outcome of th e  la s t war, b u t also to  afford practica l inform ation regarding 
modern defence policy, presum ably from  a  G erm an p o in t of view, regarding th e  
supplies of th is increasingly im portan t raw  m ateria l in any  fu tu re  conflict.

T hat th e  full significance of oil supplies was n o t apprecia ted  a t  th e  beginning of 
th e  last war is shown by  th e  failure in all countries to  ra tio n  th e  civil consum ption 
of petroleum  products. Only a few people a t  first suspected, and  th en  did not 
clearly realize, th a t  th e  enorm ous increase in arm s and  m unitions w ould lead to  a 
revolution of th e  petroleum  industry . This lack of foresight w as due possibly to 
the  generally accepted idea th a t  th e  w ar would la s t only a  few m onths. Gradually, 
however, th e  specific m ilitary requirem ents of petro leum  m ade them selves felt in 
all the  belligerent countries, and  w ith in  a  year rose to  unforeseen m agnitudes.

The au th o r carefully analyses th e  question of oil supplies in connection w ith  the  
various phases of th e  h isto ry  of th e  w ar ; th e  cam paigns in  Galicia, R oum ania, and 
M esopotam ia; th e  advance of th e  T urkish  a rm y  in to  th e  Caucasus, th e  closing of 
the  Dardanelles, th e  subm arine war, th e  E nglish blockade, and  th e  fight to  m aintain  
th e  neu tra lity  of th e  non-belligerent countries. The d isastro u s effects of the  
underestim ation of th e  im portance of oil by  G erm any, resu lting  in  he r inability 
to  develop her mechanized arm y, to  build  tan k s , oil-fire h er ships, expand her 
air force, or lubricate her industria l m achinery is w ritten  w ith  a  b ias which will, 
perhaps, n o t appeal to  English readers. The au th o r, however, in  h is final chap ter 
concludes th a t  while petroleum  alone cannot be held responsible for th e  final outcome 
of th e  las t war, it played a very considerable p a r t  in deciding th e  v ic to ry  of the 
Allies—a fact which no one can dispute.

The interdependence of m ilitary  requirem ents and  ind u stry —-in o th er words, the  
significance of supplies of raw  m aterials, and  in p a rticu la r th a t  of petro leum  in tim e 
of war—is a lesson surely learned by all countries. T here can, however, be no harm  
in repeating the  lesson— and th is  book should com m end itself n o t only to  those 
interested in th e  inside h isto ry  of th e  la s t war, b u t to  all those  in te res ted  in any— 
we hope m ythical— war of th e  fu ture. B. M . H .  T r i p p .

PUBLICATION RECEIVED.
Trinidad and Tobago. Mines. Report of the Inspector of Mines and Petroleum  

Technologist for 1938. Council P aper No. 53 of 1939. P rin ted  and  Published by 
A. L. Rhodes, Governm ent P rin ter, T rin idad and  Tobago. Price 72 cents.

A sum m ary of th e  progress m ade in th e  petroleum , asp h a lt, and  q u arry  industries 
during 1938. The production of crude oil, num ber of wells drilled, refinery operations, 
pipe lines laid down, tank-storage capacity, and  ex ports of petro leum  and  its  p roducts 
from th e  islands are all given. S ta tistics re la ting  to  th e  industries are given in 
several tables, and there  is a detailed account of th e  petro leum  in d u stry  in Appendix
B. There are also eight graphs com paring th e  p resen t position  (1938) w ith  p a st 

^  years as far back as 1911, and  in one case 1890.



I N S T I T U T E  N O T E S .

A u g u s t ,  1939.

. SUMMER M EETING, 1940.
The Council has accepted the invitation of the Committee of 

the N orthern Branch to  hold the Summer Meeting of the In stitu te  
in 1940 a t Manchester from May 6th  to  May 9th. Further particulars 
will be notified to  members in due course.

ANNUAL D IN N ER.
The Annual Dinner of the In stitu te  will be held a t Grosvenor 

House on Monday, December 11th, 1939.

LIST OF MEMBERS.
A new L ist of Members will be published early in 1940. Members 

are invited to  forward to  the Secretary notification of changes in 
degrees or diplomas to  follow their names which have occurred since 
the L ist of Members was last published in 1936.

STANDARDIZATION COMMITTEE.

Dr. F . H . Garner has been appointed Chairman of the Chemical 
S tandardization Committee of the Council, in succession to  Prof. 
J .  S. S. Brame who retired  from the Chairmanship of th is Committee 
a t the end of 1938.

TR A N SFER S TO FELLO W SH IP.

The Council has approved transfer to  F e l l o w s h i p  of the
following :—
B ihoreau , C. H aslam , R . T.
Brooks, B. T. H olland , Sir T hom as

C adm an, L ord K ogerm an, P . N.

E d g ar, G. L ederer, E . R .
Egloff, G.
E llis, C. M ackenzie, K . G.

F aragher, W . F . P ra t t ,  W . E .
Fenske, M. R .
F rancis , C. K . Sm ith , Sir F ra n k  E .
F raser, Sir W illiam S tra tfo rd , R . K .

Swanson, H . R .
G rote, W.

T illm an, R .
H alle , H . J .



ii INSTITUTE NOTES.

The following have applied for admission to  the In stitu te  or 
transfer to another grade of membership, and in accordance with 
the By-Laws the proposals will not be considered until the lapse 
of at least one month subsequent to  the issue of th is Journal, during 
which any Fellow, Member or Associate Member m ay communicate 
by letter to the Secretary, for the confidential information of the 
Council, any particulars he may possess respecting the qualifications 
or suitability of any candidate.

The object of this information is to  assist the Council in grading 
candidates according to the class of membership.

The names of the candidate’s proposer and seconder are given in 
parentheses.
D a v i e s , Thomas Trevor, Chemist (Shell M arketing Co., L td .), 77, Sunnyside 

Road, London, N.19. (J . S . Jackson ; J . Parrish.) (Trans, to A .M .)
D o u g h t y , W alter D avid, Chemist, e/o C. C. W akefield & Co., L td ., 30/32, 

Cheapside, London, E.C.2. (E. A . Evans ; O. H . Thornley.)
E l l i s , Dennis W ilson Villiers, Engineer, P.O . Box 4907, Johannesburg , South 

Africa.
G i l b e r t , Stanley W illiam  Terrence, Engineer (Standard-Vacuum  Oil Co.), 

11, Park  Court, P a rk  Circus, C alcutta , India.
H a r r i s , R obert, Engineer (Standard-Vacuum Oil Company), P o s t B ox No. 

181, Bom bay, India.
K a n e , John, Chemist (Shell M arketing Co., L td.), 11, Crondace R oad, Fulham , 

S.W .6. (J. S . Jackson ; J .  Parrish.) (Trans, to A .M .)
S t e i n i t z , E rn st W ., Engineer (Central Motor Institute, L td .), 1 6 ,  Howley 

Place, London, W .2. (F. K ind.)
W i l l i a m s , Jo h n  H enry, Engineer (Iraq Petroleum Co., L td .), A 3 Bungalow , 

B aba Gurgur, K irkuk, Iraq . (E. Thornton ; R . B . Southall.)

A RTHUR W. EASTLAKE,
Honorary Secretary.

CANDIDATES FOR ADMISSION.

PERSONAL NOTES.
Mr. F . A. Ch u ter  has re tu rned  to  Iraq.
Mr. G. A. R ichards has left for Southern Nigeria.
Mr. C. W. W oolgar is returning from Venezuela.
Correspondence or Journals forwarded to  the following members 

have been returned, and the Secretary would be pleased to  receive 
any information regarding their present address : G. E. B a r b e r ,
E. C. Brow n , K. B urton , E. B. Ch a pelle , A. L. D a v is , V. C. S. 
Georgescu , J . J . L. H amilton , A. H am m ersley-H e e n a n , J . R. 
H orth, A. D. J ones , J .  L a n d er , I. L u sty , A. MacL e a n , G. P . 
Melville , C. A. Moon , S. N icol , G. A. O ’N e il l , R. G. R e id , N. D. 
R othon, H . G. Spe a r po in t , M. L. St e in sc h n e id e r , and P. F . 
Thurlow .
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S T E A M  P I P E  
FLANGE BOLTS

HAVE A HIGH CREEP STRENGTH
For use at the highest temper 
ature employed in modern 
steam practice.
Do not become brittle as a 
result of operating conditions.

Steel C astings a n d  Forgings of all Kinds.

¡Tloo  ̂ HADFIELDS LTD. " S “"
  East Hecla and Hecla Works, SHEFFIELD, Eng. 1----

N o. 1666.

SCHLUMBERGER ELECTRICAL CORING
France.—Société de Prospection

Electrique, 3 0 ,  rue Fabert, P a r is .

U.S.A.—Schlumberger Well Surveying 
Corporation, 2 7 2 0  Leeland, H o u s t o n , 

Texas.
Local Offices : Long Beacb, Oklahoma 

City, New York, Corpus Christi, 
Bradford.

Venezuela.—P. Bayle, Villa Proselec, 
M a r a c a ib o .

Trinidad, B.W.I.—Schlumberger Elec­
trical Coring Methods, S a n  F e r n a n d o .

Colombia.—H .  Rappart, P u e r t o - B e r r io .

Argentine.—G. Guichardot, C o m o d o r o

Morocco.—M. Texier, Société de 
Prospection Electrique, P e t it je a n .

Rumania.—A. Poirault, 18 Strada I. C. 
Bratianu, C a m p in a , (Prahova).

Germany.— Firma von Flotow, Schil- 
lerstrasse 361, H a n o v e r .

Dr. B. Paul, Kobenzlgasse 30, V ie n n a .

Hungary.—M. Scheibli, Vadaszkürt Tür 
Istvan U.5, B u d a p e s t .

Iraq.— L .  Beaufort, Q a iy a r a h .

British India.—A. Couret, D i g b o i , 

Assam.

Burma.— L . Bordât, K h o d a u n c .

Netherland East Indies.—R. Sauvage, 
P l a d jo e , Sumatra.R iv a d a v ia , Km. 27.

Schlumberger Methods also applied in : U.S.S.R., Japan, Italy, Poland, Yugoslavia, 
Egypt and British North Borneo.
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SAFETY, M AXIM UM  PENETRATION AND 
CO R R ECT MEASUREMENTS 

—YOUR GU ARANTEE OF BETTER SERVICE

SAFETY—Your investment in your well is protected by a 
five-point safety control system. Powder charges, regula­
ted to give maximum penetration without damaging casing, 
are fired selectively.

A C C U R A C Y —On a performed steel line with perfected 
measuring devices check well depths A CCU R A TELY and 
make it possible to place shots from pre-tested chambers 
JUST WHERE YOU W AN T THEM.

PENETRATION—Correctly designed alloy steel bullets 
under tests penetrate easily far more solid steel and cement 
than Is encountered In a well. Balanced powder charges 
oive maximum penetration. More than 2,000 oil company 
operators can tell you—"Call Lane-Wells, they get results.”

Lane-Wells Services and Pro­
ducts Include: Gun Perforators-^- 
Electrolog if  O il Well Surveys 
if  Direction Control of Drilling 
Wells-A Packers★  Liner Hangers 
if  Bridging Plugs if  Single Shot 
Survey Instruments if  Knuckle 
Joints-A- Whlpstocks and Mills if
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A. F . Craig  & Co., Lt d .
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THE L O V I B O N D  T I N T O M E T E R

For testing the colour of all 
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I.P.T. & A.S.T.M. Colour 
Standards

THE TINTOMETER LTD., THE COLOUR LABORATORY, SALISBURY

SEISMOGRAPH 
PROSPECTING

■ir Q ualified through years of geophysical ex­

perience in many fields...using the most modern 

methods and equipment and employing trained 

personnel in both field and laboratory ...W estern 

Geophysical Com pany stands ready to meet 

your every requirement for accurate, reliable 

and efficient exploratory work. “Or The results of 

many Reflection Seismograph Surveys made in 

eve ry  o il p ro vince  in the United States have 

demonstrated the ability of this organization to 

render superior prospecting service. Fully ex­

perienced crews are availab le for work any­

where in the United States and in foreign 

countries. *0? W e  invite your 

inquiry.
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THE AVERAGE OF HUNDREDS OF WELLS
From the very first, Security Engineers have 
kept detailed records of practically every 
job in w hich SECURALOY Pipe h as b een  
used. These records cover over a  thousand 
different w ells... deep w ells... shallow wells 
... high pressure w ells... corrosive w ells... a ll  
types of wells.
In hundreds of these wells the SECURALOY 
equipment has already been drilled up, and 
although in many the SECURALOY pipe was 
cemented solidly in place or w as wedged  
tightly by formation sands—the overall 
drilling speed  for removing SECURALOY 
equipment averages in excess of eleven feet 
per horn!

That figure is the average for ALL wells, an 
includes drilling up the cement and packe 
formations as well as the SECURALOY itsel 
On wells in which there was no cement c 
other foreign material around the pipe th 
drilling speed ran as high as thirty-thre 
feet per hour.
And in every  in sta n ce  the SECURALO1 
having a  specific gravity less than mo 
shales, circulated en tire ly  out of the ho] 
when drilled—the final measure of complei 
drillability!
Our Engineering Department will be glad 1 
cooperate with you in applying SECURALO 
to the solution of your particular problem 
When writing please give full details!

MOTE: SECURALOY h a s  been  m ade available to other oil tool m anufacturers also, a nd  while Security  
Engineering Co., Inc., exercises every  possible care to assure correct design of all equipm ent m ade ot 
SECURALOY, it cannot be  responsible for the driliability of products other than its own.

S E C U R I T Y  E N G I N E E R I N G  CO. ,  I N C .
WHITTIER. CALIFORNIA • PHONE 42004

MID-CONTINENT: 5525 CLINTON DR.. HOUSTON, TEX.. PHONE CAPITOL 9538 • NEW IBERIA. LA.. (Box 121) PHONE 1309
CENTRAUA. ILLINOIS. P.O. BOX 283 

EXPORT: SECURITY ENGINEERING CO.. INC.. 420 LEXINGTON AVENUE. NEW YORK CITY

¿ïi& ueAA , (leasneA A . ★ SecuAcdcuf, ★ Secu/U ttj ^bnitlakle. Pnodu d i
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Now you can take cores 
walls of a previously
This new device will easily, positively and 
safely secure samples, at any depth, from 
the side wall formation in an uncased hole. 
It is invaluable for taking actual sam ples of 
the formation where other devices have 
failed to supply complete and definite infor­
mation; or to check and verify the findings 
of other correlating equipment.
It consists of a pair of blades for the Baker 
Wall Scraper, each blade having two core­
taking tubes screwed into the upper section  
of the flat outer edge. These tubes are made 
of a special tool steel and range in diameter 
from 7/16" to 11/16" and in length from 
IV4" to 2 V2", depending upon size of blade  
and of the drilled hole.

HOW IT' 
OPERATES

The complete  tool is 
lowered on drill pipe 
to the desired  depth, 
a n d  pum p pressure  is 
then  app lied  to open 
the b lad es  by  m ean s  
oi a  h y d r a u l i c a l l y 
opera ted  piston until 
they  contact the for­
mation. The weight  of 
t h e  s t r i n g  i s  t h e n  
slowly an d  steadily  
p laced  upon  the tool, 
w h i c h  c a u s e s  t h e  
t u b e s  to  c u t  c o r e s  
from the side-wall  for­
m at ion— see  illustra­
tion to right. W hen  
the string is raised, 
the b lad e s  with tubes  
and  cores intact close 
d o w n w a r d  in to  the  
body an d  the tool is 
brought safely  out of 
the hole.

See the Baker 
Section in your 
1939 Composite 

Catalog.

BAKER. OIL TOOLS, IN C .POST OFFICE I O *   7 -

from the side 
drilled hole!

The core tubes are tapered 
inside from outer edge to 

base.

UNllNGlOF 
OKLAHOMA CITY

Core-taking completed— ready 
to bring cores to surface.

U n r e t o u c h e d  photo­
graph of cores taken  

w ith  Baker Rotary  
W a ll Sampler.

BAKER ROTARY W ALL SAMPLER
Kindly mention this Journal when communicating with Advertisers•
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Sole)

PricE 
Reductions

A PROMISE M A D E -A  PROMISE KEPT!
if  D u r i n g  t h e  e a r l y  y e a r s  o f  o u r  
c o m p a n y ’s e x is te n c e  w e p ro m ise d  w e 
w o u ld  re d u c e  p r ic e s  in  r a t io  to  c o s t 
r e d u c t io n s  m a d e  p o ss ib le  f ro m  i n ­
c re a se d  v o lu m e . T h is  p ro m ise  h a s  
b e e n  c o n s is te n t ly  k e p t  in  t h e  p a s t  
a n d  w ill be  k e p t  th r o u g h  f u tu r e  y ea rs . 
T h e  in c re a s e d  v o lu m e  w e rece ive  is 
s u re  to  re d u c e  th e  p r ic e  of y o u r  f u tu r e  
p u rc h a s e s .

if D u r in g  th e  p a s t  th r e e  y e a rs  m a n y  
m a n u f a c tu r e r s  h a v e  b e e n  fo rced  to  
a d v a n c e  p r ic e s  b e c a u se  o f in c re a s e d  
c o s ts  r e s u l t in g  f ro m  so c ia l s e c u r i ty ,  
o ld  ag e  p e n s io n s , u n e m p lo y m e n t  i n ­
s u r a n c e  a n d  a  g re a t ly  in c re a s e d  ta x

b u rd e n .  W e n o t  o n ly  h av e  m e t  th e se  
in c re a s e d  c o s ts  b u t  h av e  ad d e d  h u n ­
d re d s  of v a lu a b le  im p ro v e m e n ts — i m ­
p ro v e m e n ts  w h ic h  h av e  m o re  t h a n  
d o u b le d  th e  life  a n d  u s e fu ln e s s  of o u r  
d r il l in g , s e rv ic in g  a n d  p ip e - lin e  u n i t s .

if  O u r  s a le s  fo r  th e  f irs t five m o n th s  of 
1939 w ere  $207,000.00 m o re  t h a n  fo r 
t h e  s a m e  p e r io d  of 1938, w h ic h , w ith  
n ew  sh o p  p r o d u c t io n  e q u ip m e n t  of 
t h e  la te s t  ty p e , m a k e  la rg e  r e d u c ­
t i o n s  p o ss ib le .

if  T h e se  r e d u c t io n s  ra n g e  f ro m  a  few 
d o lla rs  to  $1,200.00 p e r  u n i t .  W rite  fo r 
new  p ric e s  a n d  c o m p le te  s p e c if ic a tio n s .

F J OLSON, £,POrt K'1*"*9er, 570 L
‘ venue. New y „ .L  r -

k C"<’■ '*•». 5_.5-9325

Kindly  mention this J 0Urnal
when

L IG H TER  
R IG S  SA V E  

H A U L IN G  C O S T S
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— S A V E S  
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TIM E
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OIL REFINERIES

The WINKLER-KOCH ENGINEERING C o . ,U.S.A.
Associated Manufacturers in Europe:

A. F. CRAIG & Co. Ltd.
P A I S L E Y

60 y e a r s’ experien ce in  the d esig n  and m an u factu re  of a ll d escr ip tio n s  of
O I L - R E F I N I N G  E Q U I P M E N T  

London Office: M00RGATE STATION CHAMBERS, MOORFIELDS, E .C .2

COMBINED PRESSURE AND “ VAPOUR P H A S E ” 
CRACKING U N ITS  

COMBINED SKIMMING AND CRACKING U N ITS  
ATMOSPHERIC AND VACUUM DISTILLATION  

TUBE STILL UNITS

Combined Distillation and High- and Low-Temperature Cracking 
Unit with Vacuum Flash Tower for Residue, running 8900 barrels 

o f crude per day.



C I T Y  O F  L O N D O N

T H E  SIR J O HN  CASS 
TECHNICAL INSTITUTE

JEW R Y  STREET, A LD G A TE, E .C .5

Evening Courses o f  Instruction in

P ETROLEUM T E C H N O L O G Y
designed to meet the requirements of those 
engaged in or associated with the Oil Industry 
who desire to obtain a knowledge of the science 
and technology underlying their vocational work.

S p ec ia l c o u rse  of L ectu res on G en era l T e ch n o lo g y  of P e tr o le u m ,  
T h u rsd a y  E v en in g s , 6 .4 5 -8  p .m .,  c o m m e n c in g  O ctob er  5 th . 
P r o p e r tie s , A p p lica tio n s  and  E x a m in a tio n  of P etr o le u m  and  
P etr o le u m  P ro d u c ts , T u e sd a y  E v e n in g s , c o m m e n c in g  O ctob er  
3rd , 1939.
E v en in g  C o u rses  are a lso  h e ld  in  M a th e m a tic s , P h y s ic s ,  
C h em istry , M eta llu rg y , M od ern  L a n g u a g es , and A r ts  and  C rafts.

Th e Session commences on September 25th
S tu d e n ts  sh o u ld  en ro l on S e p t. 2 0 th , 2 1 s t  or  2 2 n d , 5 .3 0 -8 .3 0  p .m .  

Full particulars o f the Courses may be obtained from  the Principal.

BATTERSEA POLYTECHNIC
L O N D O N ,  S . W . l l

Principal: G. F. O ’R IO R D A N , B.Sc. (Eng.), F .R.S.E., M .I.M ech.E.. M .I.A .E. 
Head of Chemistry Department: J . K E N Y O N , D.Sc., F .I.C ., F.R.S.

The Chemistry and T echnology of Petroleum and Allied  
Products (including Lubricating Oils and Greases)

L e c tu r e r : C. D. B U T L E R , M .Sc., D .I.C ., A .M .In st.P .T .
A cou rse  of a p p ro x im a te ly  25 even ings, in c lu d in g  L ec tu res  and  L a b o ra to ry  W ork  

S ep tem ber to  E a s te r  (M ondays).

The Chemistry and T echnology of Animal and Vegetable 
Oils, Fats and W axes, and their Derivatives (including 

Soaps and Detergents)
L e c tu r e r :  C. D . B U T L E R , M.Sc., D .I.C ., A .M .In s t.P .T .

A  cou rse  of a p p ro x im a te ly  25 even ings, inc lu d in g  L ec tu res  and  L a b o ra to ry  W ork  
S ep tem ber to  E a ste r (F rid ay s).

EV EN IN G  CLASSES COM M ENCE SEPTEM BER IS th , 1939

P a rticu lars o f a ll D a y  a n d  E ven in g  C lasses on a p p lica tio n  to the P rincipa l.

Kindly mention this Journal when communicating with Advertisers.
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That's w h at an engineer said 

looking at a liv e ly  D up lex steam 

pump that was struggling w ith a 

highly vo latile  product. This 

odd behaviour is m ore usually 

described as 'sh ort-s tro kin g / 

and it occurs w h enever the 

ord in ary  D up lex steam pump 

draw s gas instead of a full 

charge of liquid ; piston accelera­

tions becom e erratic , and the 

steam ports are closed before  

the com pletion of the stroke. 

Some users have discarded  

D uplex pumps on this account; 

o t h e r s  h a v e  p u r c h a s e d  

H a yw ard -T y le r D up lex pumps

w ith Tw ells ' va lve  gear, and 

are now  getting the economic 

advantages of this type com­

bined w ith positive action.

W ith  Tw ells ' va lve  gear each  

piston rod closes its ow n steam  

port at the end of the stroke, the 

opening of the port being 

effected by  the opposite piston 

as w ith the standard Duplex. 

The result is ab ility  to w o rk  w ith  

gas-laden liquids or even against 

a vacuum, and incidentally a 

saving in steam.

8. C O . L T D .

PUMP MAKERS LUTON B E D S
Kindly mention this Journal when communicating with Advertisers.



If you are  contem plating new  construction or the m o d e rn iza tio n  o f existing  

facilities, the fo llow ing  facts should b e  o f interest. » » » O f  11 co m p le te  cracking  

units designed and built by  Lummus fo r m ajor oil c o m p a n ie s . . .

. . .  the a v e ra g e  de livery  per unit w as 8V2 months.

. . .  8 plants w ere  finished on schedule or a h e a d  o f schedule. T w o  plants 

are  under construction. D elivery  o f one p lan t w as d e la y e d  by  la te  receipt 

of m aterials due to  circumstances over w hich Lummus h a d  no contro l.

. . . a l l  com pleted plants m ade m ark e ta b le  products on in itia l firing .

In citing this perfo rm an ce record  o f The Lummus C o m p a n y , ackn o w led g m en t 

is ag a in  m ade o f the fine co -o p era tio n  received  from  the en g in eerin g  staffs o f 

the various oil com panies during the design, construction an d  in itia l o p era tio n  

of these plants.

A. C. G R O N  B E C K
R e p r e s e n t i n g :  THE  L U M M U S  C O M P A N Y

Bush House, A ldw ych, London, W .C .2
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I

Burning mineral oil, benzine or any  other liquid 
fuel is ex tinguished  rapidly and  w ithout risk b y

T to c tg e t i e
the novel extinguishing agent w hich  resists al­
cohol. The Tutogen air foam coat w ithstands 
heat and  keeps for days,preventing  ignition from 
sparks or heat rays. Small w ater consum ption - 
red u ced  dam age from water.

E n q u i r i e s  s h o u l d  b e  d i r e c t e d  to

I. G. Farbenindustr ie  Aktiengese l lschaft
FR A N KFU R T (MAIN) 20
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