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means of the switches Wand Z in Figs. 2 and 6. This 
improvement is incorporated in all the sixty-five-note 
standard players. If the author were to use the lan
guage .of the piano-player advertising agent, he would 
describe this change as causing the accenting of in
dividual notes and as bringing out the melody. Tbis 
language is f.ar too strong, and, like all exaggerated 
language, it is not only harmful in its dIrect untruth 
but it leaves one without terms to describe further im
provements when actually made. Of course when the 
notes are thus divided into two groups all notes occur
ring simultaneously in either group are struck with 
equal force. 

The musical advantage of a distinct individual ac
c�nt is so great, however, that for two years the au
thor has largely devoted his efforts to securing it, 
with the results that are shown in the eighty-eight
note player, Fig. 7. The simplest way to get an indi
vidual accent would be to practically duplicate the 
tape, using different electromotive forces on the parts. 
Imagine the music tape as made up of two parallel 
longitudinal bands, corresponding to a.divided contact 
bar with a permanently maintained difference in po
tential. Imagine al so the reading fingers, rheostats, 
and other accessories duplicated in each section, i. e., 
one wire from each section for each magnet and piano 
key. Tben it will be clear that a note would be ac
cented or not according to which section carried the 
corresponding perforation. Unfortunately the system 
calls for music rolls nearly twice the width required 
for non-accenting rolls, greatly increases the cost of the 
rolls, and is otherwise clumsy. 

To keep the roll within reasonable dimensions, and 
at the same time obtain the requisite control over the 
force of the blow supplied to different keys, was the 
subject of much thought. The author became satisfied 
that some system of grouping the notes must be used, 
and worked out several plans for the control of the 
groups. These plans, with the exception of that now 
being introduced into practice, it is unnecessary to 
describe. As to the grouping, the first idelli that pre
sented itself was, instead of simply dividing the scale 
into bass and trehle, to cut it up into numerous sec
tions. It would thus be possible to confine the accent 
within a narrow section. Unfortunately, until the sec
tion is reduced to the compass 'of but a single note 

it is always possible that it may contain a note which 
it would be undesirable to acccent. Indeed, the nar
rower the section the more important it is that it 
should not contain a second accented note. The next 
idea that presented itself was to include in each group 
only notes of the same name: C's in one group, C
sharps in another, and so on to the end of the scale. 
This is very much more satisfactory. Even if two 
notes should happen _ to be sounded in one group, as 
would occur sometimes, so that both might catch the 
accent, as the two are consonant, the effect would be 
substantially that of accenting the single note. Indeed, 
with the old-fashioned player the accenting of a ,-,ute 
can often be simulated by cutting its octave to sound 
with it. The author thought it desirable, however, to 
go further than this, and on this octave grouping he 
superimposed the division into bass and treble. In c on
sequence of this double grouping it is possible to ob
tain four different strengths of blow on the piano keys 
simultaneously. This capability, added to the power 
of control over expression already described, ought to 
satisfy the most exacting requirements. 

The arrangements for carrying out this method are 
clearly shown in the diagram, Fig. 7. The keY-9perat
ing magnets are from one end of the circuit divided 
into two groups, and from the other end into twelve. 
The source ef electromotive force has four terminals, 
(lrdinary Or: 2, 10, and 14 volts. Switches are so ar
ranged that the wires leading td the magnets on the 
one side may be connected either to the 0 or the 2-
volt terminal, and on the other to either the 10 or the 
14. These changes are independent of each other. It 
is therefore possible to sUPr':y any magnet with 8, 10, 
12, or 14 volts at will. The switches are operated by 
quick-acting electro-magnets, and these, in turn, are 
controlled either by special perforations in the music
roll, or at will by the operator through specially pro
vided buttons. At the will of the operator, also, any 
one or more of the means of expression may be left 
music-roIl-controlled while he manually controls the 
rest. He may pick out that portion of the expression 
in which he feels he can best express his individuality, 
leaving the rest of the machine, or he may take entire 

. control and make the expression entirely his own. 
A word as to the future. It would seem that the 

idea is still prevalent that a piano player must be 
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necessarily inartistic. Logically, those who hold this 
idea should condemn the piano also, for piano playing 
is but mechanicalized harp playing. In all arts and 
crafts alike there is, and always will be, a place for 
hand work. Pioneer work falls to the hand, and in 
the arts especially there is a peculiar grace arising 
from the flexibility of the instrument. But power, 
accuracy, and precision are the features of the ma
chine. The grace of the harp, and the fact that it 
allows of a m ore highly individualized playing, have 
in no wise prevented the more mechanical piano from 
becoming a hundred times more common, and the 
favorite instrument of great artists. ,And while, as in 
passing from the harp to the piano, so in passing from 
the simple piano to the piano and player, there may 
be in some respects a loss, it would seem that for 
this loss there is a more than equivalent compensa
tion; in speaking of compensation the author has in 
mind not only that thousands are reached by the 
player who otherwise would be deprived of all good 
music, but also that to some extent there are di
rect artistic compensations. While the piano mechan
ism restricted the performer in some directions as 
compared with that of the harp, in others it opened 
out to him a wider field. And the player in turn 
will again widen "the field. The composer will no 
longer have to think of the limitations of ten fingers 
on two hands. Consider what this may mean in 
transcriptions of orchestral music, or, if we have the 
daring, let us even dream of what it may mean in 
original piano music. There is another reason why 
our ultra-artistic piano lovers should take a more gen
erous attitude toward the player. The growth of the 
piano trade, if it did not actually hinder the making 
of harps, at least did nothing to advance that art. The 
plano-playing bUSiness, on the other hand, tends to 
enormously increase the number of pianos in use, and 
each of these pianos should be recognized as the pos
sible means (;f development of a future artist. And 
surely the struggling musician will be none the less 
likely to develop into an artist because he has at his 
disposal a machine which will make it possible for him 
to hear the great music of the world. As well might 
we say that it would be harmful to a young painter to 
be placed in v0ssession of a set of photographs of the 
world's masterpieces in painting. 

THEIR USE IN MOTOR-CAR CONSTRUCTION. 

B Y J 0 H N A. MAT HEW S, PH.D., SC.D. 

CASE-hardened vs. Oil-hardened Gears.-In the auto
mobile trade there have existed two schools, so to 
speak, one believing in the case-hardened type of gear 
and the other in the oil-hardened type. As previously 
mentio.ed the chrome-vanadium, chrome-nickel, and 
silico-manganese alloys are made in both high and low 
carbons. The former contain about 0.45 to 0.60 per 
cent carbon, and enough other hardening elements so 
that by merely quenching in oil from a bright red 
heat a surface-hardening is produced sufficient for 
ordinary wearing purposes while the hardness does 
not penetrate deeply into the gear but leaves a core 
that is tough and· strong. The low carbon alloys, with 
about 0.20 per cent carbon, require to be carbonized 
or case-hardened in order to produce sufficient surface
hardening for wearing purposes after hardening. The 
speaker's word on the merits of gears made by these 
two methods will hardly be accepted as final, as he is 
not an authority upon gears. Several years of obser
vation and contact with the trade, however, leads me 
to prefer the case-hardened gear. The result of direct 
tests upon thousands of gears of both types leads me 
to the following conclusions: (1) The static strength 
of a case-hardened gear is equal to that of an oil
hardened gear, assuming in both cases that steel of 
the same class and appropriate analysis has been used 
and that the respective heat-treatments have been 
equally well and properly conducted. (2) Direct ex
periments proved that the case-hardened gear resists 
shock better than the oil-hardened. (3) As regards 
resistance to wear the same type is incomparably bet
ter, although perhaps not as silent in action. 

One of the leading. makers of gears has proved this 
to his OWIt satisfaction of late by an arrangement of 
shafts altd gears whereby energy is transmitted 
through two case-hardened gears, in mesh with e!l.ch 
other, to two oil-hardened gears. The gears are of 
the same size. Five sets of oil-hardened gears have 
been worn out while the original case-hardened gears 
are still in service and Rhow the tool markl'!. 

;to Journal of the Franklin Institute. 

Concluded from Supplement No. 1747, page 411. 

Upon the' part of many there is strong objection to 
case-hardening. In nine cases out of ten this is doubt
less due to the fact that the case-hardening operation 
has not been reduced to a science. The depth of case, 
the relation of case to core, the time and temperature 
to produce certain results, and the exact control of 
these conditions, together with an accurate knowledge 
of the material to be treated, are the factors that enter 
into successful case-hardening practice. Further points 

'in favor of this method are easier machining of the 
blanks, and at least equal static and dynamic proper-
ties with less chance of injury in hardening. 

While considering gears, we may as well dip in a 
little deeper and consider the relative merits of gears 
cut from bars and from drop-forged blanks. .Parts 
like spur gears, bevel pinions, and many shafts may 
either be drop-forged or cut from bars in automati? 
machines. Contrary to general opinion many pariS 
can be machined out of bars as cheaply as they can 
be from forgings. Moreover, I am firmly of the opin
ion that no steel is improved physically by drop-forg
ing, some steels, of course, being less susceptible to 
injury than others. In good steel mill practice great 
attelltion is paid to proper finishing heats, and steel 
is brought gradually to size. In drop-forging work, 
in order to give sufficient plasticity to assume various 
forms in dies, it must be heated very hot. It is then 
frequently formed with the fewest possible blows. An 
investigation of drop-forged and bar-cut gears, the 
former being the product of one of the foremost drop
forging companies, showed that under static test the 
bar-cut gears, as the average of many tests, were fully 
25 per cent stronger, and their resistance!;to shock test 
was also much better, but the difference cannot be 
exactly stated in percentage. The fact that the static 
test did not show more than 25 per cent average su
periority for the cut gear was a surprise to me and 
speaks well for the forging concern in questiol'l. In 
many cases, I fear a larger difference would be found. 
It is just such points il'l the construction of various 
makes of carl;! of the same general design th�t would 

© 1909 SCIENTIFIC AMERICAN, INC 

be of the greatest benefit to the would-be purchaser. 
To show that case-hardening is a science, let me 

quote from Dr. Guillet once more. In reference to the 
proper procedure in case-hardening he says: "As is 
well known, the operation of case-hardening consists 
of placing a steel in some medium capable of impart
ing carbon to it, at a suitable temperature; after a 
sufficient interval a steel is obtained the interior of 
which possesAes the same percentage of carbon as 
before case-hardening, but the exterior of which is 
much higher (0.80 to 1.00 per cent). On quenching 
such a steel an extremely high degree of mineralogical 
hardness is obtained on the surface, while the center 
of the piece is non-brittle, if, that is, the operation has 
been properly carried out. One generally uses steels 
containing 0.10 to 0.25 per cent of carbon for case
hardening. In order to avoid all brittleness in the 
interior and exterior of the piece, and, at the same 
time, to obtain a high degree of superficial hardness 
and a very regular degree of carburization (in carbon 
steels) it is necessary-

1. "To use a steel containing less than 0.12 per cent 
of carbon, and with a low percentage of manganese 
(less than 0.30 per cent) and-

2. "To case-harden with a chemically definite ma
terial such as a mixture of 60 parts charcoal and 40 
parts of barium carbonate at a temperature between 
850 deg. C. and 1,050 deg. C.-the higher the tempera
ture the more rapid the case-hardening-and allow it, 
after the operation, to cool down just below the trans
formation point (about 600 deg. C.). 

3. "70 reh'eat the piece and quench it at 900 deg. C. 
(just above the transformation point of the center), 

this operation having the effect of rendering tue cen
ter fibrous." 

This operation has the effect of toughening the 
center but the outside will be coarse-grained and brit
tle. The next operation, according to Guillet, is-

4. "To quench for a second time at 800 deg. C. 
(above the transformation point of the exterior), tq 
render the !l}\:il.l nQli-brittle. 
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"In any case, the methods by which it is possible 
to obtain, with low-carbon steel, case-hardened pieces 
which shall not be brittle, are exceedingly delicate." 

How different this is from the operation one too 
often sees, where the pieces are dumped directly from 
the case-hardening boxes into water. However, if one 
uses a good grade of nickel steel, low in carbon, and 
case-hardens at appropriate temperatures, and then 
takes the precaution to cool off in the boxes before 
heating for quenching, and then hardens at about 800 
deg. C., the results will be fully equal or better than 
can be obtained by the most careful handling and 
double quenching of carbon steels. The saving in cost 
of the operation can be applied toward the greater 
cost of nickel as compared with ordinary case-harden
ing steel. 

Better still, however, if nickel steel is used, is to 
give it a double quenching, too, then one obtains a 
really admirable product of extraordinary toughness, 
and remarkable wearing qualities. An ideal way of 
making a nickel-steel gear consists in first annealing 
the blank, then rough-machini,lg approximately to 
size, then giving a light reannealing before taking the 
last finishing cut. Then pack in suitable mixture and 
carbonize to a depth of 1/64 to 1/32 of an inch, ac
cording to requirements, at a temperature of about 
1,625 deg. to 1,650 deg. F. Cool in the pots, heat to 
about 1, 500 deg. F. and quench in a hot brine or 
calcium chloride solution. This will put the core into 
excellent physical condition. Finally, reheat to 1,37 5 
deg. to 1,400 deg. F. and quench in oil. This last 
operation will refine the grain of the case and harden 
it with best results. The temper need not be drawn. 

It will be noticed that the temperatures for treating 
nickel steels are considerably lower than those advo
cated by GUillet for carbon steels. 

If methods like these are followed it is not likely 
that a very great difference would be noted between 
bar-cut gears and gears cut from drop-forged blanks. 
In the caSe of medium carbon gears not to be case
hardened but oil-hardened only, one would probably 
find a greater difference and in this case we have no 
opportunity to restore the over-heated forged blank 
by scientific heat treatment. This, in addition to the 
greater chance of over-heating, and t'-A greater diffi
culty of machining, also favors the use Df case-hard
ened gears, assuming, of course, the case-hardening is 
to be skillfully done. 

In conclusion, let me bring to your attention cer
tain facts and considerations with reference to springs 
and spring making. There are in general two kinds 
of springs used in automobiles, coil and flat springs. 
Tbe latter may be full, three-quarter, or half elliptic. 
From observation and general report it appears that 
the general maker of springs has not kept pace with 
the improvements in spring-steel, and with the in
creased severity of the �uty expected of springs. With 
many of them to suggest a change of method is like 
preaching heresy in a theological school. 

The new steels cannot be handled just like the old 
ones and still obtain from them the maximum develop
ment of their powers. However, the new steels, being 
in general lower in carbon, will stand much abuse in 
heat treatment, and still produce f.prings of quality 
undreamed of a decade ago. But how foolish it is to 
pay four or five times the cost of regular spring steel 
and then not adopt methods to develop its maximum 
excellence even to an increased endurance of a hun
dred fold over plain carbon spring steel! 

While as a class spring makers may have been 
driven to the use of alloy steels, they have not as a 
class been forced to handle them scientifically. I am 
happy to say there are a few exceptions to this and I 
hope their number will increase. The old practice of 
forming and hardening springs with a single heating 
cannot be persisted in if maximum quality and service 
are to be secured. 

Satisfactory tests on flat springs are somewhat diffi
cult to make but in coiled springs quality can be easily 
shown and the relative merit of different steels dem
cnstrated. The most satisfactory test is to operate 
the springs-open and close-by some sort of repeti
tive impact method until destroyed. In order to pro
duce results in a reasonable length of time the duty 
must be severe, and the rate of alternations of stress 
rapid. The number of alternations of stress to pro
duce fracture gives a measure of its vitality, so to 
speak. 

The average results of a great many tests made 
in this way of crucible carbon springs, chrome nickel, 
silico-manganese, and genuine crucible chrome-vana
dium springs prove the extraordinary quality of the 
last-named product, and the antifatigue qualities im
parted by vanadium. The average figures for alterna
tions were as follows: crucible carbon spring, 125,000; 
chrome-nickel and silico-manganese, each 200,000; 
crucible chrome-vanadium, 5,000,000, and still un
broken. This, then, is the panacea for all valve, 
clutch, break, and flat spring troubles. The engineer 
of a company which makes a very heavy car and 
uses a semi-elliptic spring told me recently that they 
bad not had a leaf to break or a spring to sag since 

adopting crucible chrome-vanadium springs made by 
an up-to-date spring-maker. Prior to this time they 
were in trouble all the time. 

The tempering of this steel is quite simple. The 
springs should be heated to 1,675 deg. to 1,700 deg. F. , 
and quenched in oil. The temper is then drawn ac
cording to the nature of the spring and the duty ex
pected. The drawing range is very wide, namely, from 
600 deg. to nearly 1,000 deg. F. In the line of spring
steel this product has my profound admiration. 

In what I have said this evening I have tried to 
impress upon you the importance of using high-class 
materials when severe duty is demanded, of using 
di'S:crimination in the selection of special steels for 
special work, of looking beyond the first cost of your 
raw materials, and of studying the fascinating subject 
of heat-treatment. If I have succeeded in a measure 
in this, our evening will have been well spent. If I 
have caused any of you to think more deeply on these 
subjects or have made any one's conscience hurt him 
just a little bit because of past neglect, or have offered 
any practical suggestions which you can apply in 
your daily work to the betterment of your product, 
then I shall not regret having accepted the invitatioI! 
to ad'hess you upon this important subject. 

APPENDIX. 

In presenting some tables showing typical analyses, 
treatments and tensile tests of nickel, nickel-vana
dium, chrome;nickel, and chrome-vanadiun. steels, we 
have drawn upon many sources of information, as, for 
example, the data published by the American Vana
dium Company, experimental data upon tests made by 
the writer, and commercial tests made upon the steels 
of m.l,ny makers. The temperatures when given are 
apprOJ.imately correct. In giving analyses only the 
essential elements have been given. We have ex
pressed the elastic limits and tensile strength in net 
tons per square inch, and the elongations are as meas
ured upon a 2-inch test specimen lh inch in diameter. 

TABLE I.-NICKEL STEELS. 

'O� 
�� C. Mn. 
- -- --

4 . 21 .86 
4 .25 . .  
2 . 27 

30 .18-.28 
II .18-.28 

·60-·90 
.60-.90 

4 .25 . 60'.90 
7 . 23 .61 
I .14 .63 
I . 14 . 63 
4 ·35 ·45 
4 ·35 ·45 
3 . 25 .86 

Ni 
- -

3-48 
.3·50 
3.50 
3·5 
3.5 
3·5 
3·54 
3.64 
3·64-
3·39 
3-39 
3.45 

Cr. V. 
- -
' " . .. ' "  ... 
. .. . , -
. .. .. . ' " ... 
. .. .. , 
... . . .  
. . . . .. 
... .  " 
. .. '" 
. . .  ' "  
. .. . . , 

1�o��
. Red. in E.L. "T. S. A. Treatment. 

-- --
68 II2 13:7 45 I550 F. oil 600 F . 
·85 109 13-4 .. 1550 F. oil 600 F. 
86 IIo 13-3 51 1550 F.oil 6ooF . 
68 103 12·9 54 1550 F. oil 600 F. 
84 II6 12·4 48 1600 F. brine. 
88 121 12.2 48 1600 F. brine. 

103 II4 14-0 50·7 1550F.water .212F • 

78 88 15.0 54-6 I500F. water 212F. 
30 41 33·5 72·4 1400F.oil . 12ooF. 
77 84 15·5 55·5 I500F. water gooF. 

130 137 10.0 36.3 1500 F. water 430 F. 
31 45 31 60 I Natural, as rolled . 

TABLE 2.-NICKEL-VANADIUM .':iTEELS. 

�21 E.L. / T.S. 1�o�
. Re

i in 

I 
Treatment. o� C. Mn. Ni. Cr. V. 

� -
I ·34 .17 3·88 ... .. ' .29 43 27·3 54 Natural as rolled. 
I ·33 .16 :J.72 '" .12 JI 54 23·8 53 Natural as rolled. 
I ·33 .16 3-40 . . . .24 49 66 17·8 40 Natural as rolled. 
I ·34 .17 3·88 .' . . . . 37 51 16·5 51 1500 F. oil IIsa F. 
I ·33 • 16 3·72 . .. .I� 51 59 24-0 61 1500 F. oil IISO F .. 
I ·33 . . 16 3·40 .. .  .24 59 62 21,0 61 1500 F. oil II50 F: 
1 ·34 .17 3·88 ... . . '59 66 15·5 55 1500 F. oil 6ooF. 
I ·33 . 16 3·72 ... .12 . 70 76 1 4-5 56 1500 F. oil 6ooF • 

I ·33 .16 3·40 . . . • 24 82 85 15·0 55 1500 F. oil 6ooF • 

I .24 ·72 3·33 ... .12 38 49 27.0 64 Natural as rolled. 
I ·24 .72 3-33 .. . .12 71 100 II.6 36 16oo.F. oil. 
I .24 '72 3·33 . .. :12 92 II7 r.j·5 52 1600 F. water. 
I . 24 .72 3·33 ... ,.12 91. II6 15·2 57 1600 F. brine 400 F • 

These tables are given to illustrate the tremendous 
possibilities of careful heat treatments, and in some 
instances they illustrate the danger of applying wrong 
treatments. The effect of variable carbon contents in 
alloys of the same type is illustrated, and varying 
qualities that may. be obtained from the same alloy 
by different treatments may be observed. 

One point I must mention in connection with these 
tests is, that in designing parts one must be very 
cautious not to be misled by the· remarkable tests 
yielded when a standard test piece is treated. and to 
use these figures as a guide to th" physical qualities 
likely to result when a much larger mass of metal is 
treated. Because a lh-inch test piece oil-tempered and 
annealed gives an elastic limit of 75 tons per square. 
inch, it does not follow that a 1,1h-inch diameter bar 
similarly treated will yield the same elastic. The 
hardening action in quenching does not penetrate very 
deeply in a large bar, while in a small one it may 
penetrate to the center. 

The writer once made a quantitative experiment 
upon this point, using a 0.43 carbon steel, containing 
vanadium. The steel was in the form of an inch-round 
rolled bar. In one case I oil-tempered a full inch 
section of the bar at 1,600 deg. F. and annealed it at 
1,030 deg. F., and from this machined up a test piece. 
In the other case, I made the test piece from the inch
round bar, and having reduced it to a half-inch diam
eter test piece, subjected it to the same treatment as I 
had applie 1 to the full-sized bar. The piece treated 
in the form of a test piece gave me 42.5 tons elastic 
limit, 58 tons tensile, 21.5 per cent elongation, and 58 
per cent reduction. The other piece was over 4 tons 
lower in elastic limit; over 3 tons lowE'r in tensile, 
and 2.2 per cent and 3.6 per cent higher in elongation 
and reduction respectively. This shows that while it 
may be quite possible to obtain an elastic limit of 100 
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tons in a thin spring, one would not have the same 
elastic by the same treatment had the same steel been 
made iNto a massive gear. 

Many of the figures given in the tables are the aver
ages of several tests made upon materials of the same 
general kind, and in the first column of the tables is 
given the number of tests, either average or single, 
upon which the figures are based. 

In the column marked "treatment" is given the tem
perature to which the steel ha� been heated, followed 
by the liquid in which it was quenched, and then by 
the temperature to which it was reheated to draw the 
temper or anneal. This will make clear such terms 
as 1,600 deg. F.-oil-600 deg. F., etc. 

-Ji -�I� o. Ni. 
�� 

3 .26 ·39 .. . 
I .26_ ·39 
3 .27 ·50 I . • . 

·50 I ... I .27 
I .27 ·50 . . .  
I .27 .50 . .. 
1 .27 ·50 . . . 
I .27 ·50 .. . 
I 40 ·77 . . . 
I ·40 .n .. . 
I .30 ·50 . . . 
3 . 38 ·73 . . . 
I .38 \ .73 . . .  
I ·38 ·73 ... 
I ·33 ·54 . .. 
I i ·33 ·54 ... 

� 

I 
:1� ·58 ... 

·58 ... 
I -36 .21 . . .  
I .36 .21 . . , 
I .36 .21 . . . 

TABLE" 3.-CHROME-VANADIUM STEELS. 

Cr. V. E.L. T. S. 

.78 .17 44 68 
.78 .17 103 139 

1.00 .17 33 45 
1.00 .17 52 63 
1.00 .17 62 65 
1.00 .17 70 74 
1.00 .17 100 106 
1.00 .17 II2 II6 
1.22 .19 34- 50 
1.22 .19 98 104 
1.00 .16 71 76 
1.19 . 18 41 65 
1.19 .18 IIO 144 
1.19 .18 64 II3 
1.24 .20 64 71 
1.24 .20 95 104 
2·37 ·30 88 94 
2·37 .30 138 146 
2.78 .24 60 104 
2.78 .24 65 72 
2.78 .24 98 104 

��o��. 

20 
3 

28 
21 
17 
17 
12 
II 
26 
10 
16 
22 
10.8 
12·9 
15·5 
II.O 
13.2 

6.0 
4-1 

20 
1 3 

Red. in \ 
A. Treatment. 

64 I Natural as rolled. 
8.2 1570 F. oil 400 F. � 

J
Am,,,,,", "" F. 

62 Oil tempered and 
57 drawn to various 
51 degrees. 
39 
6. 
36 
56 
67 
47 
53 
56 
38 
46 
16 
88 
56 
45 

Annealed. 
1650 F.oil 840 F. 
1650 F. oil 1025 F. 
Natural as rolled . 
1660F.oil 6ooF. 
1660 F. oil 850F. 
1500 F. oil II25F. 
1600 F. water 600 F. 
160oF.oil II25F. 
1600F.oil 430F. 
Natural as rolled. 
1500 F. oil 1150 F. 
1500 F. oil 600 F. 

TABLE 4.-CHROME-NICKEL STEELS. 

�-I -I- . I ' Elong.1 Red. in 

��I�_I���.�� E.L·
.
� �I� 

Treatment. 

I 1.37 . . 2.9 1.04 '" 60 78 18.5 61 1475 F.oil 1200 F. 
4 ! ·37 2·9 1.04 77 84 16. 56 1500 F. waterIIOO F. 
I I 45 2.0 1.0 70 90 S.o 20 Oil-temp. and annld. 
I i .25 2.0 1.0 50 65 12.0 30 Oil-temp. and annld. 
2 .25 3.0 1.5 57 64 15.0 65 Annealed 
I .25 3.0 1.5 lIO II6 6.0 40 Hardened-oil. 
I .50 2.0 1.0 33 '  46 27.0 64 Natural as rolled. 
3 ·50 2.0 1.0 72 134 6.0 23 Tempered. 
I . . 30 2.0 1.0 35 53 IS.0 45 Natural as rolled. 
I .30 2.0 1.0 68 98 9.0 37 Tempered. 
I .30 2.0 1.0 45 55 '5.0 55 Oil-temp. and iI/mid. 
I .40 .18 2.1 .So Qo 76 12.8 37 Natural as rolled. 
I .40 .18 2.1 .80 58 66 17.5 40 1500 F. oil 1150 F. 
I .40 .IS 2.1 .80 106 lIS 10.0 34 1500 F. oil 600 F. 
I -40 .18 2.I .So 70 79 15.5 48 Annealed 1150 F. 

THE ACTION OF SEA WATER ON 
CEMENT CONCRETE. 

IN the Journal of the SOCiety of Chemical Industry, 
C. G. Potter presents his researches on the action of 
sea water on cement concrete. 

As a result of trying various methods of overcoming 
tbe failure of Portland cement concrete by softening 
anl1 expansion which occurs in a very few years or 
less in sea water, Mr. Potter was successful when 
calcined red-brick clay was added to the clinker while 
grinding. Six parts of clay to 10 of cement by weight 
give the best all-round results, and thorough mixing 
and fine grinding are necessary. A variety of test 
results extending over 'periods up to ten years are 
given. For at least a few weeks after making, the 
"red" cement mortar is weaker than the Portland, but 
in the course of time the strength of Portland, kept 
in sea water, falls to zero, while that of the red is 
maintained or increases. As is known, the failure of 
Portland is due to the presence of about 0.25 per cent 
magnesium sulphate in sea water. PreCipitated mag
nesia is found in the fracture of blocks of Portland 
cement concrete which have been exposed to sea water. 
The destructive action occurs rapidly in sea water to 
which has been added 10 per cent of magnesium 
sulphate. In this solution neat Portland cement has a 
strength of 500 pounds per square inch in one month, 
and nil after one year's immersion. Red cement grad
ually continues to gain strength, just as Portland ce
ment does in fresh water. The greater the proportion 
of sand in Portland cement mortar, the 1110re rapid its 
failure in sea water, owing apparently to its greater 
porosity allowing more ready access of the solution. 
The strength of the red cement samples kept in 
sea water was rather higher than in fresh water. 
Some results of tests are also given which show 
that if Portland cement mortar be exposed for some 
time to the action of a CO, atmosphere before ex
posure to sea water, the action of the sea water 
upon it will not be so serious as if exposed to sea 
water immediately. Exposure to CO, of "red" cement 
mortar also increases its ultimate strength in sea 
water. ----- ----

Labarthe's Washing Powder.-48
� parts ammonia

soda, 6 parts potash (75 to 80 per cent), 8112 parts caus
tic soda (70 per cent), 36 parts soda water-glass, 1 
part perman:ganate of potash, lh part oil of thyme. 
This powder is for use for linen. For woolen articles 
add soap bark. It must be remembered that all water 
contains more or less iron in solution. If ever so 
little is present, its presence will be revealed in the 
washing in the course of .time. Tbis and otber causes 
will contribute to its gradual acquisition of a yellowish 
tint and it must then be subjected, in some way or 
other, to a bleaching process. 
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