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SOME ECONOMICAL PROCESSES CONNECTED 
WITH THE CLOTHWORKING INDUSTRY*. 

By Dr. WILLIAM RAMSAY, Profr.ssor of Chemistry at 
University College, BristoI. 

I 
paper red, the addition of acid is stopped. The acid has then 
combined with the alkali of the soap. while the fatty acids 
formerly in combination with the alkali are liberated, and 
float to the snrface of the liquid, carryin� wirh tbem the im­
pnriUes in the sbape of short tibers and dye stuffs; the sand 

IN this present age of scientific and technical activity, there and heavier impurity, shonld any be present, sinks to the bot­
is one brauch which has, I think, been the snbject of an tom. 
article in the Quarterly Journalof Slience. It is one which After standing for some hours, the separation is complete. 
deserves attention. It was there termed" The Investiga- In order to separate the two layers, the tank is provided with 
tion of Residual Phenomena," and I can conceiv� no bettel' an exit in the side, near the bottom, closed by a sluice 01' 
title to express the idea. The investigator who first explores valve. This valve is opened, and the watery portion is 
an unknown region is content if he can in some measure de- allowed to escape into a sand filter bed, 
lineate its grand featurcs-its rivers, its moulltain chains, its The filter serves to retain any solid impurities wh ich may 
plains; if he be a geologist, he attempts no more than broadly still remain sugpended in the water; but it will be found 
to observe its most important rock formations; if a botanist, that the escaping water is nearly pure. 
its more striking forms of vegetation. So with the scientilic The dark brown fatty acid is mixed with a large amount 
investigator. The chemist 01' physicist who discovers a new uf impurity, such as short wool fibers, burrs, sand, and dye 
law seldom succeeds in doing more than testiug its general stuffs wa9hed from the wool. To remove water more com­
accuracy by experiments; it is reserved for his successors to pletely. the semi-fluid mass is pumped from the tank, and 
note the divergence betweell his broad and sweeping general- delivered into hair-clotlJ filters; the liqnid which drains from 
izat.ioll ami particular instances wbicb do not qnite accOl'd these hags finds its ways to tbe sand filters joining thc 
witb il. So it was w itb Boyle's law that thevolnme of a gas drainage which formerly passed out.Irom the tank through 
varies in inverse ratio to tbe pre;;sure to wbicb it is exposed; the sluice. After being tmned over in the filter several 
so it is with the Darwinian theory, illasmuch as deterioration times, the residue is transferred to canvas sacks. These 
and degeneration play a part whicb was, perhaps, at first sacks are placed in a filter press, where they are exposed 
overlooked; and similar instances may be found in almost all tJ pressure while heated to a I emperature sufficient to 
pure sciences. melt tbe fat. The solid impurities remain in the ba!\"s, 

I concei ve that the parallel from the technical point of view while the fatty acids escape, and B.re received in a harrel or 
is a double one. For just as every technical process canllot be tank for the purpose. Tlie fatty acids, when cold, are of a 
con;;idered to be beyond improvement, there is always scope deep brown color, and of the consistency of butter. The 
for technical investigatio[l; but the true residual phenomena residlle is kept, and Ihc method of treating it for the recovery 
of whieh I would speak to-night are waste products. There of indigo will !ifterward be described. 
is, I imagine, no manufacture in whicb every substance pro- The fatty acids are now ready for convprsion into soap. 
dueed meets with a market. Some products are always It may here be remarked that, on di�tillation, the)' yield a 
allowed to run to waste, yet it is evident that every effort nearly white fatty mass, which, when treated witb soda-Iye, 
consistent with economy sbould be made to prevent sucb is capable of yielding a perfectly white soap. But, for the 
waste; and it has been frequenLly found that an attempL in clothwo rker's purpose, this purification is unnecessary. 
this direction, though at tirst unsuccessful, has finan)' oeen Tbe conversion i[lto soap is a ver.v simple matter. 
worked into such a form as to remunerate the manufac- As the fats are acids-a mixture of palmitic, oleic, and 
turer. stearic acids-and not the glycerine salts of these acids. like 

It is my purpose to-nigbt to bring under your nolice ordinary fats, soap is made by causing them directly to 
methods by which saving can be effected in tbe cloth indus- unite with caustie soda. The fats are melted in a copper, 
try. I am aware that these methods ha ve not much claim to by means of a steam-jacket, or coil of steam-pipe in the cop 

the amount of indigo must greatly vary, but it may rise to 
8 01' 10 per cent. of the total weight of the refuse. 

To recover the indigo from this refuse, the �omewhat hard 
cakes are broken up, placed in a tank, and allowed to steep 
in water. When quite disintegrated, they are transferred to 
anotller tank-a barrel may he used for small quantities­
and thus this reruse is exposed to the reducing action of 
copperas and lime. The indigo is converted into indigo­
white, and is rendered soluble, and it oxidizes on tbe sur­
face, forming a layer of blue frotb on the top of thc liquid, 
whi-Ie the remainder of the impurities sinkst This process 
of r'lduction may last for twenty-four hours, and is helped 
by frequent stirring. 

The indigo scum is preserved, and pl:wed in filter cloths, 
where it is thorougbly washed with water two 01' three 
times. The residue wbich has sunk to the hot tom is re­
moved, dried, and forms a vnluable manure, owing to the 
amount of the nitrogen which it contains. Its value may 
be increased by addition of weak vitriol, which exercises a 
decomposing action on the nitrogenous matler, forming with 
it sulphate of ammonia. The original residue from tbe fil­
ter-press, if it does not contain indigo, may be at once put 
to si milar use. 

In large .vorks, which dye their own goods, H is weIl 
known tbat the " fermentation vat" is in general use for in­
d igo-dyeing. But this vat requires con�tant superint�nd­
ence, and must be kept in continual action; besides, it ia 
successful only on a comparatively large scale. And, 
moreover, it requires skilled labor. Small works, 01' works 
in which dyeing is only occasionally practiced, find it more 
cnnvenient to use Schützenberger and Lalallde's process. 
Although this process is weil knuwn, a short descriptiou of 
it may not here be out of place. 

The pro ce SR depends on the reduction of indigo to indigo­
white, or soluble indigo, by meaus of byposulpbite, or, as it 
is generally termed to avoid confusion with antichlore, 
rightly named thiosulphate of soda, hydroslliphite of soda. 
Tbe formula of this substance is NaHSO., as:distinguisbed 
from what is commonly known as hyposulphite of soda., 
NII.S.O.. It is produced by the action of zinc-dust on the 
acid sulphite of soda. The zinc may he supposed to remove 
oxygen from the acid sulphite, NaHS03, giving hyposul­
phite, NaHSO.. The reduction of the acid sulphite is best 
performed in a cask, whieh c�,n be closed at the top, so as 
to avoid entrance of air. The acid sulphite of soda, at a 

strength of 50 or 60 Twaddell (specific gravity 1'26 to 1'3). 
is placed in the cask, and zinc-dust is added, with frequent 
stirring. Tbe liquid is then mixpd with milk of lime, and 
after again tboroughly stirring, the liquid is allowed to set­
tle, and tbe elear is decanted into the dyeing-copper. The 
indigo, in the frutby state in which it is skimmed from the 
purifying barrels 01' tanks, i� then added, with sufficient 
lime to dissolve it wlten it has been reduced. 1t is heated 
gently by a steam coil, tu about 90' Fahr., and tbe goods are 
dyed in H. The colors 0 btained by means of this ind igo are 
ligbt in sbade, and tbe goods must be dipped several times 
if dark shades are I'equired. But it is found bettel' in prac-

I tice not to attempt to dye dark shades by this pl'ocess ; tbe 
ordinary indigo.vat is better adapted for such work. The 
object of not w asting indigo is sufficiently attained by em­
ploying It for the PUl'POSfl to whicb it is best adapted. Of 
course the recovered indigo may be used in the ordinary 
manner. I merely mention the most convenient way of dis­
posing of it in works wbere onlya sma,ll quantity ia reeov­
ered, and which do not practlCe dyeing on an extensive 
sCllle. 

SUGGESTIONS IN DECORATIVE ART.-DESIGNS FOR IRON GATES. 

novelty; but I also know that there are, unfortunately, few 
works where they are practiced. 

The first of theRe relates to the saving and utilization of 
the soap used in wool scouring and milling, It is, perhaps, 
hardly necessary to explain that w,)olen goods are sp,oured 
by being run between rollers, after paRsing through 11 bath of 
soap, and this is continued fnr several hours, the clotb 
being repeatedly moistened with the lye, and repeatedly 
wrung out by the rollers. The process is analogous to ordi­
nary washing ; the soap dissolves the greasy film adhering to 
the fibers, and the .. dirt "mechanically retained is thus 
loosened, and washed away. Now, in order to dissolve this 
greas)' matter, a considerable amount of soap must be em­
ployed; and in the course of pmification of the fabric, not 
merely what may be characterized as "dirt" i� removed, but 
also sbort fibers, and various dye-stuffs with which the fabric 
has been dyed, many of which are partially soluble in alkali ne 
water; moreover, it invariably happens that some dye does 
not eombine with the fiber (lnd mordant, thus hecoming fixed, 
but merely incrusts the fiber; hence this portion is wasbed 
off when the retaining film of grease is removed from the 
fiber. The suds, Un'refore, after fulfilling this purpose, are 
no longer a pure solution of soap, but contain many foreign 
matters; and the problem is so to treat, these suds as to recover 
the fat in so me condition available for re-conversion into 
soap. 

For this purpose wooden runnels are placed beneath the 
rollers, through which the clotb passes in the scouring ma­
cbine, so as to collect the suds after they have been spent. 
These runnels lead to a wooden pipe or runnel, which re­
ceives the spent suds from all the scouring machines, and 
the whole of the waste, instead of being let off into the stream, 
pOllllting it. deli vers into a tank or trough. wbicb may aIso 
be constructed of wood, but, as it has to withstand the action 
of acid, is better lined with lead. Tbis tank is necessarily p 1'0-

portioned in size to the nnmber 0 f scourinl!: machines and 
the quantity of spent snds to be treated. ,When a sufficient 
quantity has collected, oil of vitriol, diluted with twice its 
bulk of water, is added, one workman pouring it in gradually 
while another stirs the content& of the tauk vigoronsly. At 
short intervals, the liquid is tested by means oflitmus paper, 
:lUd when it shows a faint acid reaction, by turning the bluc 

.. Read hefore the8ocietyo! Arts, London, May, 1884. 

per, and the soda-lye is run in until eomplete union has 
taken pi ace. The exact point of neutralization ean easily 
be found by taking out a small sampIe after stirring, aod 
dissolving it in some methylated spirits. A few drops of 
alcoholic tincture of phenol-pbtbalein are then added. and 
as soon as a faint red color appears. addition of soda is 
stopped. This shows that the fatty acids have been over­
saturated. Addition of a little more fat renders them per­
fcctly neutral, anel the soap is then ladled out into wooden 
maulds, lined with loose sheets of zinc. 

The resulting soap is of a brown color, but is perfectly 
aaapted for the purpose of wool-scouring. It should here be 
mentioned that, in practice, the soap is always made some­
what alkaline; in point of facl., it contains abaut 2 per cent. 
of free alkali. TlJis is found to as.ist in scouring; lpre­
sume that tbe free alkali forms a soap with'the oil added to 
the wool during spinning. and if no free alkali be present, 
this oil would not be so tboroughly removed. 

It will he notieed that in Ihis simple method of soap-mak­
ing, there is no salting out to separate the true soap from the 
watery solution of glycerine, fol' no glycerine is present. 
'l'he apparatus may be of the simplest nature, and on any 
required seale, proportionate to the size of the mill. It is a 
process w hieh requires no spe!'ially skilled labor; in any 
works some hand may be told off to conduct the process as 
occasion requires; and as a very large proportion of the 
fatty matter is recovered, the soap-bill is reduced to a very 
small fraction of Ibe amount wbich would be paid were re­
covery not praeticed. And lastly, the streams are not pol­
luted ; the only waste is a liHle sulphate of soda, which can 
hardly be regarded as a nuisance, inasmuch as it is a not un­
frequent constituent uf many natural waters. 

Let us now return tn the solid matter from which the 
fatty acids bave been reffinved by pressure. This brown, 
earthly-looking cake consists of vegetable impurity washed 
off from the cloth, of 8hort fibers, and of variouR dye stuffs. 
It is divided into two lots: That which contains indigo, and 
that whieh contains none, nr wbich contains too small a 
quantity for profitahle extraction. And it may here be re­
marked, that it is advisable to collect the suds from cloth 
dyed witb indigo separate from that to dye which no indigo 
has been employed. The residue from indigo-dyed cloth 
has always a more or less blue Rhade, and if much indip:o il! 
present, the well-known coppel'-color is evident. Of course, 
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I have now to ask you to turn to a different subject, 
namely, the scouring of wool, not by the usual agent, 
water, but by a liquid, bisulphide or carbon, made by the 
action of sulphur vapor on red hot coke 01' cbarcoal. 

This, again. is not wholly a new process, for various at­
tempts have been made to dissolve out the yolk, or 8uht, 
or /!"reasy m atter from unwashed wool, as it comes from the 
back of the sheep. Fusel oil has been patented for this pur­
pose. Carbon disulphide has also been patented, but, as 
will afterward be 8hown, the old method of removing it 
from the wool injured the color and quality of the fiber, so 
as to make the application of this scouring agent a failure. 

Wool in its unwasbed state contains a considerable pro­
pertion of wh at is termed 8uint, This consists of the fatty 
matter exuded as perspiration from the sheep, along with, 
01' in some form of combinati<tn with, potasb derived from 
the grass on whicb the sheep feed. Suint was first investi­
gated by Vauqllelin. He obtained it by evaporating, after 
filtration, the water in which raw fleeces had been washed. 
The residue is of a brown color, and has a saline, bitter 
taste. On addition of an acid to its solution in water, it 
eoaglllates, and a fatty matter rises to the surfaee. It is, in 
fact, a potash soap, to a great extent containing carbonate 
and acetate of potash, along with chloride of potassium 
and lime, probably in combination also with fatty acids. It 
is usually mixed with sand and carbonate of Iime. 

In 1828, M_ Chevreul, who is still alive in Paris, although 
nearly a century old, published an analysis of merino wool. 
It consisted of: 

Per cent. 

Pure wooI. ...... .. .. . .. . .. . .. .. . . . .. .. .... 3l'23 
Soluble 8uin:t . • • •. • • •• • • •••••• • • •• • • • • • • • • .  32'74 

Insoluble,.. ... . .......... . . ........... . . . . 8'57 
Earthy matter . . . • . . . • • • • ••• • • ••. • • •• • • •• • .  , 27'46 

100'00 

It is easily seen tbat 8'IJ,int forms a very important consti­
tuent of raw wooI. Its proportion varies, of course, ae­
cording to the nature of the pasture on which the sheep are 
fed, the climate, etc. W 001 from Buenos Ayres, for ex­
ample, contains much less than that analyzed by M. Che­
vreul ; its amount is only 12 per cent. of tbe weight of the 
raw wool. 

This 8uint contains always about 52 per cent. o[ residue 
when ignited. The composition of this residue ie: 

Per cent. 

Carbonate of potash .. ' _ . ... . ... . ..... ...... 86'78 
Chloride of potassium .. _ _ _ .. .. ......... _ .. _ 6'18 
Sulphate of potash.... .... ..... .... ........ 2'83 
Silica, alumina, etc ... . . . . ... . . .. . . ... . ... _ _  4 '21 

100'00 

In 1859, MM. Maumene and Rogelet patented the use of 
the water in which wool has been washed as a SOUl'ee of 
potash, and at present the extraction of potash from 8uint ie 
practiced in France on a large scale. The wool is washed 
in a systematic mann er, in casks, with cold water, which 
runs out of the last cask with 'specifie gra vity 1'1. These 
washings are evaporated to dryness, and the residue ia eal­
eined in iron retorts, the gas evolved being used for illumi­
nating purposes. Tbe remaining einder, consisting of a 
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mixture of charcaal and carbonate of potash, is treated I whel'ras, that scoul'ed by the new pl'ocess gave an admirable 
with water ,  whereby the latter is rlis�olved ont. 'fhe resi- thread. 
due left Ull evaporation of tbis water consists largely-almost Auother test to which it was subjected mal' be cited. It 
entirely-of white carhonate of potash. At present there is the enstom in France, befme the wool is scoured, to put it 
are works at Rheims, Elbomf. Fourmier, aod Vervier, throllgh a 90rting process, by which aU the short leogths are 
which yield about 1,000 tons of carbonate of potash an- weeded ont. On a quantity exeeeding 11,000 kilogrammes, 
nually. Now, only 15,000 tons are made per annum by half of which w as scoured by the turbine process. and 
Leblaoc's process. In 186tl, 62,000 tous of wool were im- half by the ol'dinary prncess, the former in scouriug lost in 
portf'd itJto Britain from Australia alone, and from this weight 2 per cent. less than the latter, althongh the short 
7,000 to 8,000 tons of carbonate of potash migbt have been length extracted from Ihe moiety thus tre'Lted weighed otJly 
recovered, the value of which is .g260,000. Yet it was all 10 kilogrammes, while that taken from the othel' weighed 
wasted ! And this estimate does not iuclnde the fals of the over 150 kilogrammes. This saving, even with the unequal 
suint, which are worth �n even greater sumo treatment, amounted in value to from 30 to 40 cetJtimes per 

N ow, it is evident that tbere is here a prufitable sour<�e of Idiogramme. 
economy, So far <tS I am aware, no work in this country 11. order that Ihe importance of this applicatiotJ may be 
saves its wasbings. The water aU goes to pollute the realized, I shall conclude with some figures: 
nearest river. The raw wool imported into Englalld, in the year 1882, 

'l'he use of carbon disul phide bas again been introduced, amoun ted to 1,487,169 bales, its total value being about 
and it is to be hoped with bettel' success, for metbods have .g22,OOO,OOO. 'file cost of washing this wool b y  the old pro­
been devised whereby the wool is not itJjllred by it, but is cess, with carbo,nate of soda, amounts to ab out Yzd. per Ib. 
even rendered bettel' than whetJ 8coured by the old process of the raw material. The cost for the total quantity of w.ool 
of \'\'a�hitJg with carbonate of soda and water, or by suap. imported is at least .g1.214,000, Bnt it is customary tu 
The process is due to MI', Thomas J. Mullings. Brietly wash wool with soap, especially for the combing trade, and 
described, it consists in exposing the wool, placed in a hy- the cost is then abont Id. per lb, The cost of sconriug b y  
dro-extractor, t o  the action o f  bisnlphide o f  carbon; the ma- the tJ e w  process is about .g1 5s. per ton, 01' 0·13d. per Ib. 
chine is then made to revolve, and the excess of sol vetJt is TakitJg tbe least favorable comparisotJ. were all the import­
expelled, earrying with it the fatty matters; the sol vent fimls ed wool (1IOrne-grown wool i" here left out of the calculation, 
its way into a tank, from which it tlows into a still, heated fur watJt of sufticient returns) eleansed hy the turbine TIl'U­
witil steam; the carbon disulphide, whic!J boils at a very ceSR, the actllal saving wuuld be .g1,214,50Q minu8 .g315,700, 
low temperature, distills over, atJd is agaitJ ready for use, or nearly .g900,000 per annnm. 
while the residue in the still consists of 8uint washed from It is thus seen that there is ruom for a very important eco­
the wool. To relliove the last trace or earbon disulphide nomy in the treatment of wool. I have endeavored to show 
from the wool in the hydru-extractor, cold water is admitted, how economy may be practiced in scouring by Ihe old process 
and when the wool is soaked, the machine again revolves. wiLh soap, and how one dye stuff may be profitably recover· 
OtJ expulAion of the water, the woul is ready for washing itJ ed. It is to t.e huped tb at means of extracting other dyes 
the orditJary machines, but with cold water only instead of from the residue may soon follow. Unless the process wem 
hot soapsuds. too costly tu repay the trouble of extraction, it would be 

The distinguishing feiltl1res of MI'. Mullings' process are. weil worth practicing; for it would not merely be a solntion 
method by which loss of carbon disulphide 1S avoided, and of the problem of how to avoid waste, but would at Ihe 
the extraction of that solvent by mp.ans uf cold water. The same time prevent the pollution of our streams, now, unfar­
apparatus consists or a hydro-extraclor 01' centrifug'll ma- tun ately, otJly too rarely pellucid; atJd wel'e the last process 
chine of special construction, fitted with a bell-shaped cover, to have as successful a future as I hope it may have, a very 
which can be lifted into and out of position by means of a important saving of expense would resuIt, and a l .. rge quan­
weighted lever. The rilll of this cover fils itJto an aunular tity of valuable fatty matter would no longer be thrown 
cup filled with water. which sUITounds the top of the ma- away. 
chine, forming an effective �eal or joitJt, UpotJ the spitJdle 
of this machine is suspended, as in orditJary I' Olms of the COAL AND ITt5 USES.* 
hydru-extractor, a perforated basket, and in tbis basket is By JAMES PYKE. placed the wool to be treilted. The cover heing closed, 
the carbon disnlphide is admitted, and passing t hrough the THE records from which geologists draw their information 
wool, the greasy matter is dissolved, and alotlg with the solv- can scarcely be compared to written 01' printed histories. 
ent enters areservoir. The machine is now set in motion, There are, however, natiotJs of whom no written account ex­
and tbe bulk of the solvetJt is drawn off. Cold wateris then ists, wbo perhaps llever had any writ ten history, but allout 
admitted, and the machine being again c/lused to rotate, t!Je whom we are still able to gather from other sources a vast 
whole of the bisnlphide is expelled. It is a curions fact amount of information. Their houses, tbeir monuments, 
that, althuugb wool soaks remarkably easil.}' witb cilroon their weap0tJs. and their tools have survived, and these tell 
disulphide, and al otJce becornes wet, cold water expels atJd U8 the kitJd of life, the state of civilization, and the sldll of 
l'eplaces almost a l l  that liquid. This operation takes about the men to whom they belotJged j from the contents of their 
twenty mitJntes, and at one operation auont 1� cwt. of raw tombs we leam what ruanner of men they were physica1ly; 
wool may be treated. The wool is thetJ washed in snitable someLimes a snddcn chatJge i n  the appointments atld belong­
washing.'machitJes of the orditJary type, bnt with cold water, illgs of the folk indicates that tribes which had for a long 
no soap 01' alkali being employed. The bisulphide of car- time inhabited a district were driven out atJd replaced by a 
bon, mixed with water, tlows into a reservoir, provided with new race. ThllS, then, from waifs and strays we can piece 
diaphragms to prflvetJt splashitJg, and consequent loss by together a fairly cOtJnected aecount of thc events of a period 
evaporation. Fl'Om its gravity it sinks, forming a layer be- I ong antecedent t.o any w rittetJ hiiltory. 
low the water; it is then separated and recovered by distill- 'l'he investigations of Dr. Schliemann on the snpposed �ite 
ation, and may be used in subsequelll operations. of the city of Troy fUl'Dish a good example of this method uf 

The poillt in which this process differs from the old snd reselll'ch. He found Iying, otJe on the top of anuther, traces 
unsuccessful ones formerly tried, is in thfl expulsion of the of the existetJce of five successive commntJities of men, differ­
e.arbon disulphide. It was imagined that it was necess3ry ing in cnstoms and sodal development, and was able to estab­
to expel it by means of heat or steam. Now, when woo] Hsh the fact that some of the cities had heen destroyed by 
moist with bisulphide is heated, it itJvariably turns yellow. fire. and tbat later on other townshad grown np over the bu­
No heat mnst, therefore, be employed. As already remark- ried remains of the earlier settlements. The lowest layers 
ed, the solvent is expelled with cord water. were, of course, the oldest, and the positiotJ of eacb layer in 

The residue, after di&tillation of the carbon disulphide, is the pile gives its date, not in years, bnt with regard to the 
a grayish-colored, vtlry visconsoily matter, still retaining a lavers above and below it. 
little bisnlpbide, as may be perceived from the smell. It 'Now, from time immemorial nature has been at work build­
has not the composition of ordinary suint, inasmuch as it ing up monuments atJd providing tomus wbich tell ns what 
contains no carhonate of potash, and itJdeed little mitJeral were the events going on, and what kind of inhabitants the 
matter of any kind. A sampIe which I analyzed lost in dry- eflrth had long berore man made his appearance on its surface 
ing 36'2 per cent., the loss consisting of water and carbon Tlle monuments are the ro(;ks which compose the grouDd 
diimlphide, It gave a residue on ignition amounting onll' ntJder o ur feet, atJ(i these, like many ancient monnments or 
to 1'6 per cent. of the original fatty matter, 01' 2 '5 per cent. of human construction, are the tombs of the creatures that lived 
the dried,fat. The oil appellrs, from sorne experiments while they were heing built. 
which I made, to be a mixture of a glycerine salt atJd a Many facts testifl' that the earth's ernst did not come into 
cholesterine salt of fatty acids. It distills without much de- existetJce exactly as we find it now, but tb at its rocks have 
composition, giving a brown-yellow oil, wbich tluoresees been bnilt up by the slow action of natuml agencies. These 
strongly, and has a somewhat pnngetJt smell. Tbe mole- rock8 constantly inclose the remains of platJts and animals, 
cular weight was determined by sapotJificatiotJ with alcohol- and as it ia evidetJt that neither plant nOI' animal could have 
ic potasb, and sub,equent titration of the excess of potash lived in the heart of a solid rock, this fact shows that the 
employed. This was foutJd to equal 546'3. This would rock must in some way have gathered ronnd the remains 
correspond to a mixtnre of 18'7 parts or stearate, palmitatr, that are now found in it. Again, many of these remaills, 01' 
and oleate of glycerine. with 81'3 parts of the same acids fossils, belonged to animals that lived in watrr, the largel' 
combined with cholcsteryl. But this is largely conjectme. part, indeed, to mflrine creatures. This indicales that the 
The boilitJg point of the oil is high, much above the range rock was formed beneath the sea, and when we examine the 
of a mercurial thermometer, so that it is difficnlt to gaitJ a n  way itJ which the constituetJts 01' the rock are arranged, we 
insight into its cllmposition. frequently find it to eorrespond exactly with ihe matJner in 

An objection which has beetJ raised to this process is that which the sand and mud that rivers sweep down into the 
the USfl of such atJ easily infiammable substance as bisnlphide sea 01' lakes are spread ont over the bottom or the water. 
or carbon ia attended by great risk of fire, Were the bisul- In a pile of rocks formed in this way it is elear that tbe low· 
phide to be expoged to free air, there might be force i.n this est is the oldest of all , and that any otJe stratum Iying 
objection; but there is no reason why it should ever be re- above is younger than the otJe beneath it, Further, the 
moved from under a layer of water. The anpal'atns, to occurrence of rocks inland containing maritJe fossils rar 
make all safe, should not be nnder the same roof as the mill: above tbe sea level shows that the sea al,d land have changed 
and no upen fire need be used in the building set apart for places. Wheu, again, WP find that the fossils of one group of 
it. It is easy to rotate tbe centrifugal machine by a belt rocks diffel' entirely frolll those of a group Iying above them, 
froln the mill, but bettel' by a small engitJe altached, the 

I 
we leal'D that otJe race of creatnres died out and was sup­

power for which catJ be condncted by a small steam-pipe, planted by a new assemblage of animal forms. 
and the' distillation of the bislilphide can also be conducted These generaI remarks will, I trnst, give some notion of 
wjthout danger by the nse of steam. as its boiling point is a the evidf'nce whicb i8 available for reconstructillg the history 
very low one. The question may be natumlly asked, "How of those remote periods with wbich geolugy deals, and of the 
do t,he wool and fabric made from the wool scoured by this kind of reasoning wbieb tbe geologist employs for interpret­
process, compare with that scolll'ed in the usual way?" To ing the records thaI. are snbmitted to hirn. 
answer this questioll I may ref(>r to a test mad e by Messl's. We will uow brietly examitJe, by aid or these metbods, 
!eaae Holden & Co., at their works at Roubaix. A sampIe the group or rocks in whicb coal occnrs in Great Bl'itaitJ, and 
of wool was divided itJto two portions, one of wbich was see how far we call read the story they have to tell. 
�coured hy the usualruethod, and the otber by the turbine Tbe gronp witb which we bave to deal is called the carbon-
01' Mullings' process. SkiHeo' workers tben span each iferous 01' eoal bearing system, and it includes foul' classes 
Hample to as fine a thread as posQible. Now the tbitJness to of rocks, viz.: 1, sandstone ; 2, sbale 01' bind; 3, limestonej 
wbich a wool can be spun is evidence of its power of cohe- 4, coal and nnderelay. 
si on-in other words, its strength. The weight of 1,000 We wili take the sandstones and shales first, They are 
meters of the wool cleaned by the new. process bore to tbat s-rains of sand known to m!l!eralo.lSists as.quartz, atJd co.nsist­
scoured by the old process the proportIOn of 1,015 to 1,085, mg of a snb'-Iance called sill ca by chemlsts. The gram� of 
showillg that a considerably finer thread bad been pruduced. sand are bonnd together by a cement which' in so me f'lw 
AtJd i n  total quantity, 67'53 kilos. of the formel' corre- cases is identical ill eomposit.ion with themselves, and eon­
sponded to 71'77 kilos. or the latter, showing H proportion- sists 01' pure silica, hut usnally is a mixt ure of sandy, c1ayey, 
ately less w&ste, Such fi ne yarn had never be fore been ob- and otbel' snbstances. The shales are made up very largely 
tained from similar woo!. The yarn of the soap-washed 
wool could not be spun, fur it could not withstand thestrainj I. Froma paper laMy read befoie tue Associatlon of Foremen Engineers. 
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of clay, mixed, however, usnally with sand and other suh­
stances, forming a conglomerate. Bolh sandstones and 
shales are divided iuto layers 01' beds, and are said to he 
stratified. It is this stratified 01' bedded strncture timt gives 
ns t.he first elew to the way in which these rocks were formed. 
Rivers are cOllst.alllly carrying down satJd and mud itJto the 
sea 01' lakes, and when their tlow i� slackened on enterinl!, 
the still water the materials they bring down with thern 
sink and are spread out in layers over the bottom. The 
stlUcture of the sandstones and shales shows that they were 
formed in this way; they often itJcloee the remains of plants 
that have been carried dowtJ from land, and occasionally 
of animals that lived in the water where they were dlt­
posited. 

The next we have to consider is limestone, which is mainly 
made up of a substance known to cbemists as calcium car­
bonate, 01' carbonate of lime. 

In some districIs, especially in volcanic countries, springs 
occnr very highly charged with carbonate of lillie. The 
warm spring' of Matlock are a case in poitJt; they are proba­
bly the last vestige of volcallic action which was in operation 
in that neighborhooll during carboniferous times. Limestone 
is chietly formed by the ageney uf small marine creatures of 
low organizfltion. B y the aid of these llnimals the cal'bonale 
of lime is brought hack tu a solid form; at tbeir death their 
hard parts fall to the bul.tom and llccumulate in a mass of 
pure limestone, wbich afterward becomes solidified itJto 
limestone rock. 

The informatiotJ that limestone gives UB is this: 
When we find, as is uften the case, a mass of IimestotJe 

hundreds of feet thick, and composed of little else bnt car­
bonate of lime, we knuw that the spot whel'e it OCCllrs was, 
at the time it was formed, far out at sea, covered by the 
deal' water of mid ocean; and when we find that this lime­
stotJe grows in certain directions earlh.\' snd implIre, atJd 
that layers of shale and sandstone, thitJ at first, but gradn­
ally thickening out in a wedge-shape form, come in bel ween 
its beds, we know that in those directions we are travelitJg 
toward the shore lines of that seB. whellce the water was re­
ceiving from time to time supplies of llIuddy and sandy sedi­
ment. 

The next class of rocks are the clays that are foulld be­
neath every bed of eoal, and which are knuwlJ asunderclays, 
01' warrant, 01' 8pavins. They vary very much in mitJeral 
composition. Sometimes they are soft cJay; sometimes cla)' 
mixed with a certaitJ portion of sand; and sometimes they 
cOlltain such a large proportion uf silicions matters that tht·y 
become hard, fiinty rock, w hieh III any of YOll know ntJder 
the name of gflnnuler. Bnt all underclays agree ill two 
points: they are al1 unstrarified. They differ totally from 
the shales and sandstones itJ this respect, and instead uf split­
ting up readily inlo thin flakes, they hn'ak np into irregular 
lumpy masses. And they all contain a very pcculiar vegeta­
ble fORsil called Btigmaria. 

This strange fossil was for along time a �ore puzzle to fos· 
si! botanists, and after much discussion tbe question was 
fairly solved by Mr. BitJney hy the discovery of a tree em­
bedded in the cu al measures, and standing erect just as i t. 

grew, wilh i t s  rootR spre�d out into the stratum ,)n whicb it 
stood. These roots were Stigmaria, and tbe stnff into which 
they petJetrated was an underclay. Sir Clmrles Lyell men­
tion8 atJ individual sigillarhl 72 feet in lellgth fonnd at. New· 
castle, atJd a specimen takatJ from the Jarrow coal mine was 
more than 40 feet in lengtb and 13 feet in diameter near the 
base. It i8 not often these Irees are found erect, because the 
actiotJ of water, combined witb natural decay, lms generally 
thrown them down. They are, however, found in very!arge 
Jlumbers in the roof of the coal, evidetJtly having been toseed 
over, und lyitJg there flat :wd squeezed thin by the pressure 
or the measnres that lie above them. 

Lastly, we come to COft! itself-a rock whieb constitlltes a 
small portion of tbe whole bulk of t he carboniferolls depo­
sits, bnt which may be fairly looked upon as tbe most im­
portatJt member of that group, both on f1CCOUtit of its in­
tritJsic value find also from the interest timt attaches to its 
history. That coal is little else but miDf'rnlized vegetable 
matter is a point on whicb there has for a long' time been but 
small duubt. The more mitJute investignt.ioDs of recetJt 
years have not only plaeed this completely heyond question, 
but have also enabled us to say what. the plants were which 
contribnted to the formal·iotJ of coal, and in so me cases even 
to decide what portions of those plants ellter into its compo­
siliou. Jt is a t.hing so utJiversally admitted Oll all hands, timt 
I shall take it for grauled yOll are all perfectly convinced 
that coal has been tJothitJg in the world but a great mass of 
vegetable matter. The otJly question is: HtlW were tbese 
great masses of ve/!·etable matter brought together? And yon 
mllst realize that they were very large masses indeed. Just 
to takf' one instance. Tlte Yorkshire and Derbyshire cIOal 
field is somewhere about 700 to 800 square miles in area, and 
Lancashire about 200. Weil, in botll these coal fields yon 
have a great number of beds of coal that spread over tbe 
whole of them with tolerable regnlarity and thickne'�, and 
very often with scareely any break whatever. And this is 
only a very HllaU porlion of what must have been tbe origi­
nal sbeet of coal, su that you Ree we have to aCCOlltJt 1'01' a 
mass uf vegetahle matler perfectly frefJ from any admixtlll'e 
of satJd, mnd, 01' dirt, .. nd laid down with tolerably uniform 
thickness over many hundreds of sq uare miles. 

At one time it was supposed that coal was formed out of 
dead trees and p]ants whic!J were swept down by rivers inlo 
the sea. jmt in the same way as shales and sandstones were 
formed ont of mud and satJd so swept down, The fatal ob­
jection to this theory, however, is that rivers would not 
bring down dead wood alolle, hut they would brin).!: dowtJ 
sand and mUfl, and {lther matters, atJd timt i tJ  the bottorn of 
the sea the dead wood would he mixed with these matters, 
atJd itJstead of getting a perfectly unmixed mass or vegetable 
matter, we should get a mixtme of dead plants, sand, mud, 
and other things, wh ich woulll give rise to something like 
cont bnt something very different, as any one who tries 10 
buro snch coa! will so Oll find ont, from really good, pure 
IHlUse coal. So that tbis theory, which is generally knuwn 
as the " drift "theory, was totally inadeqllate to account fur 
the facts as we know them. 

The other themy wns thnt coal was formed out of plants 
atJd trees that grew on the spot where we now find coal it­
self. OtJ this supposition it 1" easy to account for the ab­
sellce of foreign admixture8 of satJII, mud, atJd clay in 1he 
coal; and we catJ aiso und erstand very much better than by 
the aid of the drift tlaeory how the coal had accumnlated 
with such wonderful IIniformity of tbickness over'�uch very 
large areas. This theurl' was for some time but poorly re­
ceived; bnt after tbe discovery of Sir William Logan. tbal 
every bed of coal bad a bed of uuderclay beneath, and the 
discovery of MI', Binney, that the.e underclays were true 
soils on whic!J plants had nndonbteclly growtJ, there was no 
doubt whatever that this was thc real and true explanation 
uf the matter. 
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