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multiplied by n o  o ther  change  than the  addition of more 
water  (steam) from t h e  boiler. 

T h e  phenomena and  effects of combusi.ion abo;e ciietl 
seem to  justify t h e  tbllovving staternrnt of theory : 

TIle Holland locomotive retorts ~ i b ~ ~ , ~ ~ ~  a pure iiydrogen fuel 
from the mutual decomposition of ce:taiii proportions or naprha 

- . - . . .  -

a n d  other  impurities, requiring only dilution with air .  
After  burning a scant  -,+; ~ n c hof oil, the  time being taken,  
the gas-mabiiig pipe was  opened by s ~ m p l y  turning a cock, 
and in esactly one half t h e  t ime enough g a s  w a s  m a d e  
a n d  measured to alnollllt to  12.55 cubic fpet, if diluted to  
twelve-candle power ; when t h e  total oil out  was  found 

and steam. T h e  regular temprrature of  the fiunace keeps the re- 
torts hot enough to disengage the oxygen of steam in tllepresence 

::$t o  be  exactly inch, s h o ~ v ~ n g  a. barely percepti l~le d'ffer- 
ence the  rate of consumpiion \vithOUt nlalting gas ,  
but lo measure lVl th  t h r  at hand'  
lioughl4. allowing it to be  i:'ifor  t h e  gaslllaking, the  cost  

of the carbon of naptha, the chen~icnl a t t r a~ t ion  ot these two ele- 
rnrrlrs causing them to unite in the proportions of full combus io?  
and to form c:trbonic acid within the retorts. T h e  released hydro: 
grn  is the only conlhust~ble ingred~ent left to issu-, a t  the b~lrners.  
All the heat of both of these conlbuslions-that of the carbon triih- 
i n  the retorts and that of the hvdrogen at the burners-ii conserved 
and utilized in  the s?me furnaie for the making of ste:irn. 

of t h e  17.55 feet would he .0347 gal., o r  about  2?Q gal .  
per 1,000teet, This  i s  j i  gal, 111 excess of more exact 
measurement previously taken by g a s  experts. 

But  the  roug-11 experiment ~vi t i l  the  locomotive evi-
T h e  (1"'stion now arises on t h e  true causes of t h e  tlences a gain of  fully one t h o ~ ~ s a n t l  per cent, from the 

~ n o r m o u sexcess of calorific Power developed a given 
zmount of fuel through the water  g a s  Process, a s  con?- 

exchange of carbon for hydrogen, estimating t h e  fuels by 
cost, in a practical \ ray ; although the  liquid fuel is of 

pared with t h e  results of direct conlbustion of t h e  s a m e  the (Iearer of the  tIvo, anti tile gain over the  in- 
fuel. Assuming that  the  amount of carbon entering t h e  
retort t akes  oxygen from t h e  stearn wi:h nhicl i  it min- 

tr;Ilsic r~ilue of  exc~l;Lage(~ it s ~ -carl)oIl, i f  coul(l be  / certainecl, \voulcI therefore l ~ e  still greater. Fifty per cent 
gles, to the  l ~ r o i ~ o r t i o n  full combustion,  a n d  thus  lib- of f rom the  escllange, then,  is a t  hest l)Llt five per cent of ! 

el-ates just suficient  hydrogen to re-engage the  same the total s i n ,  ;lntl rlle remaining g; per cent must  be 
amount  of oxygen ; 11-e have hrst  to  inquire what  propor- otllerI,ise accoullted for,  Nor  is there ally lack of 
tion exists between the  amounts  of heat generated by reasolls for  eve11 tllis e1lorlilous tlifferenck, 111 the first 
the  union of  that  or any  given quantitv of  oxygen with place, tlie carbon is consunlrd in pure oxygen from steam, 
i ts  proper complements of  carbon ancl of hydrogen re- 110 atlllosl~heric air llaling access to  it ill the  retorts, and 
spectively. A numbel- of authorities h a r e  dclcrminerl tllerefole tile lal-ae ailsorl)tion of heat b y  the ilitmgen
this question experimentally, with results not ~videly d ~ f -  1 ,f tile a i r  that fi:dsthe coal fire,  1s n.holly saved in the 
ferent. According to 'Grassi, the  number  of pounds of \vater gas rrlle collsLlln,)tion is also both 
vv*~er raised one degree by the  ul1ioli of olle poull(1 of of the  direct ant1 the  producetl fuel, against a semi-con-
ox!.gen with its full c o i n h i n i ~ ~ g  sumlltioll ill tile coal ful-llace, 'rllirtlly, tile combustionequivalents of carbon antl 
hytlrogen, respec t i \ re l~  \\'ere 2,893 and  4,333. T h e  di- of the  carbon, \vitll all its heat antecetleilt aiitl conse-
rcct gain by exchange, therefore, woultl be alnlost ex- C ~ L I ~ I I ~ ,is closely confi~ied in t h e  retorts, from ~ v h i c h  the  
actly fifty pzr cent .  Kurnerous experiments by Gunsen heat call escape only 11y ratliation into tile l~oiler ,  vvith the  
and  Fyfe a re  also said to  have prov,ed (in indirect accortl- 1 escel)tioll of  tl1c very restricte(l yelit of hot gases 
ante with those above referred t.0) t h a t  the  fuel ( h ~  through the b,u-ners. Fourtllly, the  llytlrogen obtaineddro-
gen) obtair~ed by t h e  decomposition of  water ,  yields a I issues f rom tile 11tu.llers at  a very high prior temperature, 
considerable excess O C  heat above t h a t  absorbetl in pro- i n.]lereas the  coal eliiers tile furnace coltl. f;ilially, tile 
tlucing the  decomposition. I i~ t l rogen  tla~utl is a vastly more atlvantngeous heating 

\Ire have made  a close scrutin) of the  Holland a[)I)'I:.l- agent  than any form of crude fuel, froni its iinequaIletI in- 
t u s  and  i ts  operation for domestic purposrs,  a s  ex11 b- , tensit) and rapitlity of action, ant1 also from its direct 
ited in this city, at  the  offices of the  Heat ,  Light and colitact ~ v i t h  the iron, a s  against the slower processes of 
Poxver Company,  No. IS  Vesey s reet. An even ]Ires- radiation ant1 contluction employetl l ~ y  the  coal in the  fur- 
zure of both water  and  naphtlla is secured by ail ele- ' nace. T h e  rapitlity ~ v i t h  \vl~icli heat is ii~ipartetl increases 
vated tank  for each purpose, a t  t h e  top of the  I.oonl. in a geometrical ratlo to  the increase of it sintensity, aiitl 
T h e  pipes running from these tallks to  t h e  cookilig-stovre i since the Iiytlrogen flame is man).times hotter than incan- 
and  range a re  laid in full view, a n d  strict t racing antl descent c a r l ~ o n ,  tllis colicentratetl heat rllust have a 
examinslion of their course and  connections a t  every j iastly greater  efiect, llllit fo r  unit, in any girren tillle of  
point sho\ved that  there w a s  110 other possible source of passage tllrougll the  flues. Colisit1ering that  go per cellt 
supply, of  any  killrl, for the retorts and  burners. T h e  of direct waste is a rnorle~-ate allo\vaiice in the  ordiiiary 
oil tank measured " g  inchrs in diameter, fmtl was  co111- firing of a loconloti\.e, it  \voulcl seeill 011 the whole that  
puted to  hold nearly 7.21 gallons to t h e  ~ r l c h  in depth.  \ve a re  justifietl in espectillg yet greater  ecolloll~yf rom 
In running the  cooking-stove, with the  oven constautly this process rather  than in tlieoretically tlistrusting the  re- 
a t  a sharp baking lieat, the  oil w a s  lowered only r \ ,  slllts so  far r e ~ ~ o ~ e c l .  
inch in half a n  hour, o r  about  oue quart  (!< cent) a n  

--

hour. T h e  whole interior of t h e  store,  which had been 
used a year last May, w a s  free, not  only from ashes and  PR0C;RESS I N  >FIXED 1 I E T A L L U R C ; Y .
soot, but  from disco lo ratio^^, ~ v h i c h ,  obviously, much  as-

C .  COX1N.I'.s ~ s t e d  the  effectiveness of t h e  tire, a s  compareti ~ v i t h  t h e  iiy W11~1~1Abl 

coating of non-conducting matr.ri:il accumulated iu using 1 Of t h e  fundamental mechanic a r t s  substantially devel- 
crude fuel. I t  was  found impossible to  obtain a t race of oped before Science or  Hlstory hat1 a name, A'Ietallurgy 
sinolte or  odor from t h e  flame upon a white hantikerchicf ; was  the beginning anil the  comrnon parent .  ' W h e n  A d a m  
so tha t ,  of course, t h e  usual tree carbon, hydro-carbon, was  yet in il~ititlle life, t h e  genius of Tubal-Cain clivined 
cal-bonic oxide, and  other gases of c rude  fuel, could affect ancl explored t h e  capabilities of the  workman's  metals, 
neither the a t m o s ~ h e r e  nor the  flavor of foot1 cnolied in ' copper, tin, zinc, arid iron ; fused a n d  mingled them, 
direct contact with t h e  flame. I n  t h e  large coolting- wrought fro111 them tlie tools of every craft, ant1 became 
range,  a third pipe is introduced for t h e  distillatiou of ' .<tcle instructor of every artificer in brass and iron." I t  
illuminating gas ,  simultaneously with the  ordinary use oi  \I ere hopeless, thet-efore, t o  question subsequent  records 
the range. T h e  ad jas tment  and  operation excited much of Time for the  era or  the  occasion of any  of the  inore 
admiration. I11 t h e  progress o f t h e  oil through successi\-e c5sential tlevelopine~-its in this  a ~ t  of ar ts .  So  far a s  t h e  
coils of t h ~ s  pipe, within t h e  fire box, the  several hydro- 11-rtive s:irface metals  a re  concernetl, it  is probable t h a t  
carbon mixtures it contains are converted, hj- successive all the more ~rupor tan t  nletallurgical processes were un-
gradations of heat ,  into a single homogeneous a n d  fixetl ' d t r s t l o d ,  ior subst;uice, long before the  flood. Copper and  
gas ,  \vhich resists the  most  extreme cold of o u r  clima:e, tin, the  principal ingredients of bronze, being found com- 
v i lhout  condensation, and runs  free 1from s u l p i i u r o ~ ~ sparatively pure at the  surface, \yere naturally the  earliest 
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metals combined and used for mechanical and military 
purposes. T h e  same precedence of these metals con-
tinued, locally a t  least, and, so far a s  can be discovered, 
down to historic times. T h e  Roman historians record it. 
Weapons, armor, and tools of bronze, hard enough for 
cutting granite, abound among the remains of primitive 
antiquity, and have given to that  vague epoch the title of 
the age of bronze : the so-called stone age being of no 
particular order in time, but rather the universal age of 
savageism, from the earliest vagrants of the human race 
down to the recent aborigines, so-called, of our own 
country. 

T h e  disposition to try what will come of mixing 
materials may be assumed a s  a prominent native factor of 
invention In all ages, and as  especially prominent in the 
infancy of knowledge, whenevery material andevery prop- 
erty of materials was a mystery only to  be experimented 
on. Nay, the bare factor of accident would be sufficient 
to insure the mixture of various metals, ores and earths 
in the  very first experiments. Copper and tin coming 
out first, as  bronze, at  once stimulated and assisted an 
eager search for further discoveries. They built the 
furnaces and quarried the fuel that ultimately brought to 
light the treasure concealed in dull brown rocks of iron 
ore. T h e  more facile ore of zinc (in the presence of cop- 
per) if accidentally a t  hand, would enter earlier, or, possi- 
bly, earliest, into the kaleidoscopic series of the smelter's 
products, with the most exciting brilliancy of effect ; 
promising coveted gold without limit, and preparing, per- 
haps, the first sad catastroplie of inventive expectation 
unrecorded in any patent office or prospectus of Incorpor- 
ation. Down almost to the 19th century (1781) brass 
was  made by mixing the zinc ore directly with copper ; 
and  down to  the 16th century this had been done, from 
the earliest times, without a suspicion that the magical 
stone was anything but one out of hundreds of like 
mysterious minerals, tmong  which a potent and supreme 
" philosopher's stone might yet be found. No wonder 
that  infinite possibilities of metallic splendor and precious- 
ness stretched out before the imaginations 01 the alchem- 
ists i~ the  vast field of unexplored mineral combinations 
before zinc was discovered as  a metal and the nature and 
scope of the alloys were defined. 

T o  these limitations, however, modern philosophy and 
discovery have given a new and again undefinable exten- 
sion. They have not revived alchemy, but they have re- 
vived a more trustworthy probability, and a more philoso- 
phical pursuit of radical improvement in the character of 
the alloys. In general it may now be stated tha t  the labors 
of new experimenters with the new lights and resources 
already promise to  popularize little less than the beauty 
and incorruptibility of the precious metals in the equipage 
of common life and arts, and iu combination with some of 
the qualities hitherto inseparable from a coarse, dull and 
corruptible texture, a s  in iron. 

T h e  discovery of nickel and German silver weremarked 
steps in the  direction of the  new era, yet failed to ap-
proximate i t ;  a s  we see in the fact that nickel has proved 
hitherto but a material, and German silver a basis, for the 
temporary and unsatisfactory varnish of beauty called 
plating. Nickel was found too refractory a metal to be 
worked solid for purposes of general utility or even of or- 
nament. Qualified by other metals, as in German silver, 
the same refractory temper still rendered it impracticable, 
except in proporiions too small to impart its clear color 
and splendor, with its clean, resistant texture and temper- 
ature, to the composition formed. Every workable sub- 
stitute for silver betrayed, more or less, a constitu-
tional sickliness, of jaundiced tint, sweaty feel, and cor- 
rupt odor. No actual progress was possible until the dis- 
covery that the refractory quality of nickel was due to its 
absorption, when in a molten state, of certain gases 
which might be chemically removed. This discovery was  
made and published in Germany, two or three years ago, 
with the magnesium method of purifying and reducing 
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the metal to malIeabiliiv. In practical results, however, 
we know of little to  report as  yet from the other side of 
the Atlantic ; whether it be on account of expensiveness 
in the process, or inability to  form alloys of this in itself 
too expensive metal that  are satisfactory a t  once in cost 
and in qualities. One suggestion of poss~bly great im- 
portance comes from the German nickel manufacturers, 
in the comparison of the purified metal with Bessemer 
steel, with which it is represented to be almost identical 
in practical properties ; raising even a suspicion in some 
minds whether the two may not be modifications of one 
metal, or of some protean metallic element, of unconjec- 
tured range. T h e  whole rance of metals, indeed, would 
not be more extreme, nor, perhaps, more difficult of prac- 
tical reconstruction than that  of carbon. T h e  speculations 
and partial successes of Mr. Lockyer in the direction of a 
theory of unity, or rather of duality, and convertibility, in 
matter, are here forc~bly recaiied to mind ; suggesting 
that all its families may be the progeny of two universal 
parent substances, such as  hydrogen ana  oxygen. What  
if the truth of Nature, after all, lay, metaphorically, near 
to the surface and to the mystical vision qf  the old child- 
like sages, who saw in the " elements all-generat~ve 
powers, as  Science finds in one of them (fire) a form, and 
as  represented in the Suu the prime form perhaps, of all 
organic energy ? What  if Science should yet discover 
that  the alchemists themselves had a true, ~f not practi- 
cable, end in view? Man's dominion in Nature is too 
marvellous in its present beginnings, for anything to be 
incredible a s  to  its future perfection. 

On the American side the modern philosopher's stone has 
beensought of late years, with sanguine ardor. Anumber  
of different fortunes of respectable size have been sunk 
in the melting-caldrons, out of which have arisen a suc- 
cession of bright apparitions, only to prove intractable for 
use, or turn the old inevitable sickly cast after brief shin- 
ing. None cf our practical experimenters, so far as  I am 
aware, have struck the true lead, the purification of nickel, 
with one exception. No other man of our day, probably, 
has given so many years of metallurgical labor so hard 
and practical, together with study so profound, to the as- 
similation of the necessary alloys for gold and silver, to the 
appea.rance and properties of those metals, a s  Mr. 
Charles Wessell of New York. Wha t  our chemists may 
have accomplished, or seemed to  accomplish, with a few 
ounces of metal in the laboratory, it is of less importance 
to  inquire than xvould be generally supposed. Such 
achievements, whatever they might be, would have no 
necessary value, or even validity, in practice : none pos- 
sible, indeed, unless there were given with them a prac- 
tical metal-mixer uniting scientific genius and research 
with the technical knack and stalwart physical capacity 
for handling metals by the ton in the furnace, to the pur- 
pose for which he intends them. Mr. Wessell, indeed, 
meets this description ; but it would be needless to tell 
any manufacturer of brass or German silver, tha t  no other 
known counterpart exists. T h e  men they depend on for 
this service work solely by blind knack, which they catch 
and lose alternately in the most unaccountable manner, 
contr~butinga material percentage to the market cost of 
these common compositions by their own inevitable per- 
centage of uncertainty, failure, and destruction of ma-
terials. 

Charles Wessell, the metallurgist of the I-Iolmes ie Wes-
sell Metal Company of New York, came to this city 
from Rome, in this State, a modest working man, whom 
the future famous discoverer of a genuine popular rival 
to the precious metals must make haste to head off, if in- 
deed it be not already too late. I t  is thirteen years since 
Mr. Wessell began his metallurgical experiments and in- 
ventions, by undertaking successfully to electro-deposit 
a combination of three metals \vhich most chemists would 
even now pronounce it impossible to hold together under 
the battery. A very distinguished chemist to whom the 
product was submitted, gave this assurance in absolute 
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terms, before making his analysis. Iiis own analysis con- 
founded him : he franklv certified the three metals found 
in the tlcl,osit ; ancl in <is subscc~ucnt Icctures has re-
ferrctl \.cr\. ~)ointccllv LO unclisco~ere.1 ~,)ssibilities in the 
philosoph$ of metals. ~ndiscovered'for it is the good 
fortune of the solitary discoverer that the mediating agent 
vanishes in his thaumaturgic-metallurgic act into thin air, 
leaving no clue by which the scientific detective can 
shadow him as yet. Hence it is impossible for the metal 
worker, or even the chemist as yet, to recast certain of 
the Wessell metals ; since it is too much to ask of him to 
give away the " combination " that  locks his own hard- 
earned reward against the rapacity of mankind. Science 
itself must be content for the present with the accom-
plishedfacts shown, and with what their author can afford 
to disclose of methods and principles. Thus,  it has be- 
come possible to give the necessary alloy to silver and gold 
with more suitable ingredients than could be used here-
tofore ; ingredients which but imperceptibly deteriorate 
either the color or the incorruptiDility of the precious 
metals, and, so far a s  silver is concerned, effect even a re-
markable improvement. Stranger results have followed 
and are still progressively following, from the same dis- 
covery, in building up towards gold and silver from the 
basis of alloys. All of Mr. Wessell's novel compositions 
-already sufficient to constitute an  era in the history of 
the art-have their origin and their constant method of 
development in that stroke of genius;  for I know not 
what else to call it in view of the systematic unfoldings 
and correlations of it in the hands of the same master. 
The  depositing battery, instead of the crucible, is the In- 
strument by which the practicability and the effect 
of every combination conceived by him is tested 
in the first instance. A s  a consequence, partly of 
this scientific certainty in method, partly of practiced 
genius in adjusting heat and other dellcate cond~tions ac-
cording to bulk, weather, color, radiance, fumes, and the 
hundred unspoken mysteries of his art, Mr. Wessell's 
matured mixtures, from common brass and German sil- 
ver upward, come out uniformly and infallibly what they 
are intended to be ; astonishing to veteran manufacturers 
of metals who have associated him with them in their 
affairs, and a fact which I hazard little in opining to be 
without precedent in mixed metallurgj. 

In  the course of his novel processes of research, Mr. 
Wessell discovered, probably first, or at  least long before 
it was promulgated elsewhere, the secret of making nickel 
pure and malleable, and not only so, but also of keeping it 
pure and malleable, throughout all combinations, pro- 
cesses and proportions, in which he chooses to introduce 
it. Magnesium was first or independently tried by him;  
but discarded for a more practical and econom~cal agency, 
incidentally discovered in experimenting on qualifying or 
auxiliary mineral ingredients. The means also by which 
it turns out that the gases so fatal to nickel are kept out 
after being once eliminated, were a part of the general 
precautions of an extremely vigilant and, as it were, sen- 
sitive operator, rather than preconceived expedients for 
that express purpose. T h e  methods and results are no 
worse, perhaps all the better, that  their theory was 
learned from them, rather than they from the theory. It 
became a significant observation to Mr. Xi'essell, that  
various metals, malleable in the original smelter's ingot, 
grow unmalleable by remeltings. H e  reasoned that in 
the large smelting furnaces, from which the metal is 
drawn off at  the bottom, the most of the mass is secluded 
from unfriendly influences, whatever these may be, until 
it is suddenly poured into close moulds and cooled : 
whereas, in the small open furnace or crucible of the 
foundry, the metal is poured off from a freely exposed sur- 
face; suggesting that to his own closely-covered processes 
was due the continued freedom of the metal from the re- 
fractory temper once extracted. 

With the chronic intractability of the superior metal 
has been removed the hitherto insurmountable obstacle 

to its introdi~ction in sufficient force to impart its noble 
qualities to a workable composition. I t  can now be used 
in any percentage necessary, and the Wessell process for 
malleability, unlike the German, is one that adds no extra 
expense. Its remarkable lustre and beauty of color are 
now as familiar a s  those of silver, through extensive use 
in electro-plating, and are rapidly approaching equal 
favor in the public taste. Wha t  is not so familiar to most 
minds, is the palpable superiority of nickel, a t  all points, 
for fine utensll service, such as we require of spoons, 
forks, knives, &c., for the table. Color is a matter of taste ; 
but there is no disputing the superior durability of lustre 
and polish as well as of form, that belongs to the harder 
metal. I t  yields only to gold in point of resistance to 
oxidalion and corrosion, and defies the attacks of organic 
acids, sulphur, &c., that instantly mar the beauty and 
cleanliness of the best silver. Still less commonly under- 
stood is the force of character, so to speak, with w h ~ c h  
this metal suppresses the meaner colors and weaker sus- 
ceptibilities of lower metals united with it, by its own 
noble qualities, even when the odds in quantity are largely 
against it. T o  this we already owe solid Wessell-silver 
table ware, not noticeably inferior in any respect to pure 
nickel, yet a t  no greater cost than the perishable sham of 
plated goods. Manufacturers of the latter may not look 
with favor on the substitution of goods that would last 
four generations for goods that must be renewed four 
times in a generation. But such a revolution as this 
comes of its own weight and carries all before it. T h e  
present vast production of plated ware must in a few 
years become a mere reminiscence, in all its numerous de- 
partments. 

T o  an important class of readers and interests, the 
bearing of Mr. Wessell's discoveries on tbe netallurgy 
of gold and silver will seem most worthy of attention. 
Alloys are necessary to these metals, both for mechani- 
cal and commercial reasons. I t  is no longer necessary, 
however, to impair their properties or appearance in 
making them workable or saleable. All grades of gold 
treated with the Wessell alloys are of uniform color and 
lustre with eighteen-karat gold, and require more than 
usually severe and expert testing to detect any differences 
whatever, between them. By way of illustration, it may 
be stated that the alloying compositions themselves do 
not oxydize perceptibly when exposed to the action of 
tfie atmosphere in cooling from the molten state, nor yet 
in the process of granulation. Manufacturing jewellers 
pronounce the alloy for gold in all respects equal to eight- 
karat gold itself, although there is not a particle of 
gold in it. The  alloy for silver is a specially important 
improvement in the non-tarnishiug quality. This may 
be illustrated by an incident in the experience of a lead- 
ing manufacturer of sterling silver ware-the celebrated 
Whiting Manufacturing Company. A quantity of sterling 
had been made up with Wessell alloy, according to 
standard, 92;-~oooths fine. Of the goods manufactured 
from this lot, a few were wrapped up with others of the 
same standard (uniform in all the goods of these manu-
facturers) but made with the usual copper alloy. After 
lying some twelve months forgotten and undisturbed, the 
parcel was met with in taking account of stock and 
opened. T h e  regularly alloyed metal was found coated 
with the inevitable black oxide, while the original bril-
liancy of the Wessell-alloyed metal had barely acquired 
a warm tint. T h e  writer is indebted fbr this information 
to one of the chief managers of the Whiting Manufac-
turing Company. T h e  alloyed silver, electro-deposited 
on a spoon by Mr. Wessell, was declared pure by the 
testing chemist of one of our large plating establishments, 
who hotly called the metallurgist a fool to his face for in- 
sisting that it was or  could be otherwise. Being request- 
ed to expose the spoon to the action of sulphuretted hy- 
drogen in company with another of chemically pure elec- 
tro-plate, the chemist was non-plussed by finding that 
while, of course, the latter was instantly blackened, the 
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color and brilliancy of the Wessell-alloyed silver remain- effect, results, again, from exceetling minuteness, hard- 
edunaffected. T h e s a m e  peculiarityhas been ol~serveti ncss, roundness and polish of particles; obtained 
by the writer personally in Mr. \Vessell's lolv-priced in the artificial instance, by pulverization, attrition, 
n~ckeline metal, ~vhich  holds a pure and strong lustre and extreme siiting of metallic particles. I t  is obvious 
throughout indefinite exposure to every test that befalls 1 that the particles of soft or brittle subs t~nces ,  such a s  
(and befnuls) a silver spoon in tloil~estic use. flour of wheat or dust of stonr, are not capable of the 

I-i ___ rounding polish an11 consequent slipperiness (integral iu- 

" ISTEGRAT, Z.ITCRICATION." brication) of metallic particles ; nor yet of a kindly inter- 
penetration wit11 the surface particles of solid metal. 

Integral lubrication is an espression that has been / IIartlness, also, or resistance to change of form. coupletl 
selected to describe t1:e effect of a lubricating element ' wit11 non-resistance to change of position,tnay be an  essen- 
w h ~ c h  is itself an z'~itrsml$n?-dof the surfaces in contact tial requisite to fluidity ; so that possibly the p r t i c l e s  of  
and relative motion, as distinguislled from a foreign or , water or oil may be much harder as  well as  finer t h a ~ ,  
extraneous lubricant introtlucetl between the surfaces, re- those even of metals. The  nletals, hon-ever, aregenel-ally 
quiri~lg constant renewal, and subject to tlisplacement, susceptible of a degree of polishetl ant1 rounded com-
consumption, waste, deterioration by heating, &c., and minution that  yields a very sllppery product. The  
to various other imperfections and inconveniences. fluid-like mobility of small shot is a rough illustration of 

FI-iction results from the resistance of particles in con- this condition. 
tact to change of position. Lubrication consists in their The  llest stage of the invention is to penetrate ant1 in- 
non-resistance to change of position, a s  in fluids. W i t h ~ n  corllorate tlie solitl bearing surfaces \\-it11 the non-resist- 
themselves, therefore, fluids have the property of integral ant or mol~ile ])articles, Tiiis is effected by t\\-o opera- 
lubrication. Interposetl between solid surfaces, whcse tions, one the protluct ant1 complement of the other. The  
fixed pariicles resist change of position, fluids serve to prel~aretl particles are in effect compressetl into frequent 
separate such surfaces by a stratum of non-resistant or socltets in the bearing surface, so as  in the first place to 
mobile particles, and thus sul~ply  e-~tm?zcozrsiubrication. o c c u ~ ~ ytlirectlp the larger part of its area, antl in the 

The  ~ d e a  of establish~ng the lubricating, non-resistanr seco~ld place to allo\v the outer particles (slightly raised) 
or mobile element int.egrally in the beari~igs themselv~s,  to attach to the microscol~ic inequalities of the revolving 
rather than es~raneouslq. as  a tiistinct ~ntel.mtdiate stra- journal, and so migrate, f'!lling both surfaces n.ith a fine 
tum, was the concep!ion of Dr. Stuart Gwpnn, the noted l~ermanent ingretlient of particles non-resistant to change 
engineer ant1 inventor, of two generations, to whom we of position. T h e  particles are forcetl in \vith great pon.er, by 
owe the Gwynn l~urnp and numerous other long estab- running a heavy journal at  moderate speetl, or a ligiit one 
lished appliances. This idea is tlie basis of more than at  a s\vift rate, with tile cap screwetl tight enough to stop 
twenty patents, relating to rhe series of compositions 11). tile machinery or twist off the jourl~al if oil ~ns tead of 
which it is realizetl under different contlirions, all kn0\\~11 metalitle \\-ereathe 1ul)ricant. Untler such incalculable con- 
tintler the colnmon designation of ~ I E I ' A L I F E .  centratio11 of force, tile particles, insteati of being I\-orltetl 

T h e  conception of union between the opposite proper- out from l)et\veen the surfaces, are heltl ant1 incorporated, 
ties of'solitiity and non-resistance, anti of integri~y and forrning new surfaces of pe~-~iianenta but peculiar cliar- 
distinctness. In one metallic body, ctl-taini). iiatl the hold- acter. TIienceforn.art1, tile interaction of tliese surfaces 
ness, as  its realizaiion sho\\-r(l thr  Ilo\\-rr, of a strokr of  ivorlts i~ifi~litesimal ~iiovement, or mutual yieltling to each 
gen!us. other in their ni~mberless i~ifinitesinial particles, which 

T h e  important point to be reached b y  Dr. C;\v> nn, ne\-ertlieless retain permanent coiiesion by the same la\\. 
after his d~scovery of the possibility of Integral Lubl.l- that unites the more fixed particles of tlie solid nlet~ll ; a 
ca~ ion , "  to render it of practical value, was t.u nizke exact state'of niovement in stability, foreign to our sensible im- 
determi~iations of the effect produced on nlet;~ls, thelr pression from solids, yet quite as  concei\-al~le as  the 
alloys, oxitles, t tc.  by enormous PI-essure \\lien they are universal molec~ilar motion supposed to constitute lieat. 
put 111'0 Iiardeneti steel n~oultls of great strength. 'l'bi:se A mechanical union of metallic substances seems to be 
trials estectied o\.er several years ot time and untier pr$s- realized, as  different in effect as  in metliotl-ant1 yet per- 
sures froin five tons or 666'; atmospheres to one huiitlretl haps not so different ill principle--from tile results of co-
tons or 13,333;; atmosl~heres per square inch. In these fusion or amalgamation. 
trials he touuci, without doul)t, tile true law of the "1'qI~i~ There is ~iotliing in esperience to indicate abrasion be-
of Solids." His d-terminations \vrre fi~iislitd in 1860. tmeen tliese silrfaces, escept from tlie gradual breaking off 

This depar~rnent of physics has, since then, heen ex- of tlie high points whicli the microscope reveals on the 
tensively worked by othcr scienilsts, antl 1u:iny of the surface of tlie most lliglily polislietl journal, projecting 
results atrived at have been pui~lishetl. (Jue of the latest above tlie metaline surface. Tn the course of years ot 
of these contributions is an in:erestitig me!ii.oir publlslicd running 011 heavy bearings, tliese points (wliich so rapitll) 
in 1881 in the "Reu~reSc~'enli$quc," hy AIr. \V. Spring, a blaclien oil \\here it is i~setl as tlie lul)ricant), become dis- 
German chemist, from \\hick1 we abstract as  follows : lotlgetl in sucil clilantity as to cover tlie silrfaces with 

'l.hC subs'nnces e s p e r ~ m e n t e d  with were tal;fn in the for111 of rigid specks loolting like emery untler the glass. 'ro pre- 
fine ponder ,  and  suhjectrd,  in a steel mould,  to pressures varying vent this, it is fouatl :?tlvisal~le, once in tnro or three years, ac- 
from zooo to  7000 atlll0~~lhel'f2bper sciuare centimeter. - cording to circulnstances, to I-eplug the bLlslling or box \\ ith
filings urlder :i presiure of aooo at~iiosplicles were tmnsforme(l into nletnline (again p r o j e ~ t i n ~  breatltli) so as replace a solid n.ilic,l no ldnger illo,,.ed grain uIlde, rhe 9,'.L hair's 

and  tllz density of \\-l,lcl1 r l . 5 ,  n.1llle that of ordill- that n l ~ i c h  Is 1.elno~etl. L)y tills means the bearings inl- 
arj- lead is 11.3o n l y  Cntler 5000 atnlos~3htres tile lead hecaliie proT;e wit11 use and progressively acquire a higher ant1 
f l u ~ d:ind ran out through the lntersticcs of  the apI;ai.atus. 'rolvarcl higher finish, sucll, as tested the l~licroscolle, that it 
6000 armospherei  zinc a n d  tin appeared ro l l q u ~ f y .  Po\vders of is 11111)ossible to appronima.te it by any other methotl of fin- and bisn,,,t~lkt jooo (joOobecalne sol,d t l i  ?kjo ~ a c , 3 , s i ~ ~ ~ ~ i , i c  
fracture.  powcers  of sofr a n d  llr,snia~ic salllti,,r were rrdns- ishing. Iiunning in oil, on the contrary, wears out jour- 
formeci i n t ~  solid blocks ot oc tahedr~c  sulphur. Kecl phoiphorus nals and misshapes hoses. The  longest prriods for \vhicii 
a p p e  r k  d lo )lass inro r h - d-n-er  slate of L ~ l a  k I~ l los l~burus .Bin- journals ilave as yet been run  in Ineta]ine.-say ten years
oslde of minga1.ese a n d  th? s u l p n ~ d e s  oi zinc nnci lend In powder, -ha\-e tleveloped no heating or wear, if the bushings haye 
7 ~ 1 e l i Zwhen coinpressfd, anal exkibir t h r  a4pearailce, respccr~vtly,
Gf  ni, ural c ry i1a1~zc . i  p ~ l o t i l i t ~ ,  numbc,  or three lllende, and  ga la ln .  been prol~erly cleaned ant1 replugged once-in t ~ v o  
of pulver,zed salt. solld~fy tnrougli pressure :inti liecome tran.qpnr- years. A " shalieless fit" can be secured \vith metaline, 
ent,  thus proving 1115 union of th: molecules. \vhich, as before remarked, would render mol-ement im- 

T h e  common property in hletaline and the natural possible with any mere interposed lubricant. Journals in 
lubricants (fluids) IS,  of course, rnot)il~ty or non-resistance metalined bearings, under the heaviest weight, or at  the 
to change nt position in thr  particles. This prnperty or highest rate of spred (as in spi~~t l lesand polishing lathes) 


