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X111, Olfervations on Sand Iron: In a Let-

ter from Mr. Henry Horne, 20 Mr. John
Ellicot, F. R. S,

SIR,

Read March 3, S the affair of the rich American
1763- Iron Ore, commonly known by
the name of the Virginia black fand, has of late not
only engaged the converfation of many of the Vir-
tuofi, but has been taken very particular notice of
by the Society for the encouragement of arts and
manufactures; I thought myfelf obliged, for many
reafons, to lay before you whatever has come to my
knowledge relating to this difcovery, either from my
own experiments, or from the information of others.
And I engage in this fervice with the greater pleafure,
as I look upon it to be one of the moft interefling
difcoveries, with regard to this ufeful metal, that has
come to our knowledge for fome ages, and, if right-
ly conducted, may prove of infinite fervice to us in
this part of the world, as'well as to the inhabitants
of our colonies, where (as it has been fuppofed, though
without fufficient foundation) this difcovery was firft
made.

Without any farther preface or apology, permit
me to remind you, that, in a converfation which for-
merly paffed between us upon this fubject, Iacquaint-
ed you, that, about twenty years fince, I was engaged
in making a variety of experiments upon the nature
of Iron Ores, and Steel; and that T then madea

very
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very particular enquiry into the nature of this black
fand, and, in the courfe of thefe experiments, feveral
very interefting phenomena difcovered themfelves,
which, as they might be of great fervice to the world
in general, and more efpecially to {uch as are concern-
ed in fmelting of the iron from the ore, I had thoughts
of communicating to the publick; but, as my bufi-
nefs will not permit me to go through the whole at
prefent, I (hall confine myfelf to what relates to the
black fand.

I procured, from Mr. Adams the Virginia merchant,
a fufficient quantity of the fand, and, in order to efti-
mate its comparative weight with that of iron ore,
- Eprocured fome of the richeft ore I could get, which
baving reduced to powder, I filled an ordinary tea-
cup with it. I afterwards filled the fame cup with
fome of the fand, and upon comparing the weights
with each other, I found that the weight of the fand
was to that of the ore as 3 to 2; and having taken
notice how readily the fand was attratted by the
magnet, I was convinced that the fand muft certainly
contain a very confiderable quantity of Iron, and
therefore determined to make trial of it. I was how-
ever, for fome time, interrupted in my defign, by in-
formation I received from a friend, that fuch an en-
quiry had been made many years before, by a mem-
berof the Royal Secicty, anda gentleman of efteem
as a chemift, but without fuccefs; and that the
experiments were publithed in the 2d vol, of
Lowthorp’s Abridgment of the Philofophical Tranf-
altions. As this account is very fhort as well as cue
rious, I fhall take the liberty to give it you entire,
with fome few remarks upon it

Vor. LIII, H A black
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* A black fhining fand from Virginia examined by
Dr. All. Moulen. '

A fmall vial filled with ordinary white fand, and
containing only 3 i. gr. xi. being filled with the Vit
ginia fand, was found to contain 3ij, Dij. gr. i.

"This fand did apply to the magnet both before and
after calcination ; but the latter did apply better to it
than the former.

A parcel of this fand, mixed and calcined with pow-
dered charcoal, and kept in a melting furnace for a-
bout an hour, yielded no regulus: but applied more
vigoroufly to the Loadftone than either of the for-
mer.

I fluxed a parcel of this fand with fixed nitre, in
a melting furnace, for above an hour, but could ob-
tain no regulus ; nor any fubftance that would appl
to the magnet, except a thin cruft that ftuck firmly
to a piece of charcoal that dropt into the crucible
when the matter was in fufion.

1 fluxed it alfo with falt-petre and powdered char-
coal, dropping pieces of charcoal afterwards into the
crucible. It continued about half an hour in the
melting furnace in fufion, and that without produc-
ing a regulus, ora fubftance that would apply to the
magnet, excepting only what ftuck to the charcoal
as in the former experiment..

I fluxed another parcel of it with falt-petre and
flower of brimftone, without being able to procure
any regulus..

T poured good fpisit of falt on a parcel of this fand,
‘vut could obferve no lu@ation thereby produced.

¥ poured fpirit of nitre, both ftrong and weakened

with
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with water, on parcels of the fame fnd, without
being able to difcover any confli&.

I poured fingle aqua fortis upon another parcel of
it, without being able to perceive any cbullition worth
noting.

1 ufed alfo double aqua fortis upon another parcel of
it, which, for ought I could difcover, had no more
effe& on it than the former.

I poured fome aqua regia on aparcel of it, without
difcovering any fenfible effet. I poured good oil of
vitriol upon anather parcel of this fand ; but feeing no
bubbles thereby produced, I weakened the oil with
water, but without any vifible effe@.

I repeated all the former experiments with the
menftruums upon this fand after calcination per fe in
a crucible, but could fcarce obferve a bubble pro-
duced by any of them. A

I poured {ome of each of the liquors upon parcels
of the powder of this fand calcined, without any
{ucoefs. ‘

Note, that I made thefe experiments both in the
cold, and upon a fand furnace. S$o that to me there
feems to be but litle wanting to difcover any metal
known to us, if it contained any fuch: for there is
no metal nor ore that fome of thefe menftruums will
not work on. ~

I powdered a fragment of a loadftone, and poured
fome of thefe menftruums upon it, without being
sble to find that they in the leaft preyed upon it, any
more than they did upon the fand. ~

I poured fome of the aforementioned menftruums
upon ordinary fand taken out of a fand furgace, where
it muft have fuffered gme calcination ; but ceuld
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find no more bubbles produced thereby, than what
might rationally be fuppofed to be produced from
lime, and other dirt mixed with the fand.”

Having thoroughly confidered thefe experiments,
they appeared to me far from being decifive, and
that if the Doctor had placed more confidence in the
power of the magnet, and lefs in his menftruums,
he would rather have concluded that there might be
fome forts of iron ore which his menftruums would not
touch in the moift way, nor any regulus be produced
from themin the dry, as he made ufe of them, which
yet might, under fome other hands, be fubdued, by
more apt and powerful methods than any which at
that time he was aequainted with.

However 1 apprehended I might fairly draw this
conclufion from his experiments, viz. that thefand
was not altogether and fimply iron, but that it was
ftrongly united with avery ftubborn, fixed, and per-
manent earth; which could not be feparated from it
without fome extraordinary, as well as powerful
means; but F could not think this a fufficient objec-
tion to the profecution of an experiment, which, if
it fucceeded, might be attended with very happy
confequences. Proceeding therefore upon this fup-
pofition, I mixt up about 8 or g ounces of the fand,
with a proportional quantity of a ftrong corrofive flux,
which I put together into a crucible, and committed
it toa very ftrong fire in an excellent wind-furnace,
where 1keptit for between two and three hours, hop-
ing by this means to have anfwered the intended pur-
pofe; but I confefs I was not a little furprifed, that,
after the crucible was taken from the fire, I could not
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find one finglé grain of metal in the remaining con«
tents.

This difappointment greatly puzzled me, till hav«
ing thoroughly examined into the unexpeéted event,
without ‘being able to difcover any reafon fufficient
toincline me to recede from my former opinion, as
to the component parts of the fand, I concluded that
the flux might poffibly be a very improper one; for
though it might have effeGted the intended feparation,
yet it might at the fame time be fufficiently powerful
to divide the particles of the metal, when feparated,
fo very minutely, as to be capable of fubliming and
carrying them off imperceptibly : And finding the
contents greatly diminithed, fo that the quantity re«
maining bore but a {fmall proportion to that which
was firft put into the crucible, I concluded that this
muft really have been the cafe, and that fome very
different method muft be purfued in order to produce
the defired effects. Iimmediately deétermined to make
afecond trial, in which I proceeded in the following
manner. I took the fame quantity of fand made
ufe of in the former experiment; and firft I fpread it,
without any addition to it, upon an iron plate over a
ftrong fire, where I gave it a very powerful torrifica-
tion (or roafting) to try if, by that means, I could not
relax, and loofen the component partsto fuch a degree,
as to make the feparation and reduction of the me-
tal more eafy, when I thould bring it into the furnace,
When I had fo done, I mixed it up with a flux of a
very peculiar, but gentle nature, which I had before
made ufe of for other purpofes with great fuccefs, and
committed it (as in the former experiment) to the fur-
nace, where Iurged it bya very ftrong fire for about
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three howrs, and upon taking itout, Ifound the event
anfwerable to my moft fanguine expeations: for ig
the bottom of the crucible [ found, as anear as{ can
remember, rather more than half of the fand 1 put
into the crucible reduced to 2 very fine malleable
metal.

In this very agreeahleexperiment I met with avery
furprizing phenomeneon, which, asl am not at prefent
able to determine whather it was only cafudl, or
what would always happen in the like experiments,
you will excufe my divulging at prefent, efpecially
as you, §ir, by furnithing me with a freth pascel of the
fand, have enabled me to meke fome farther trials;
which I fhall embrace the firft oppgrtunity of doing;
and fhould 1 be fo happy as to confirm what I thep
obferved, or tomake any farther difcoveries deferving
yaur notice, I fhall pot fail commuaicating them to

ymlléeing fully convinced, by the experiment, that the
fand was a very rich iron ore, I acquainted fome of
my friends with it, who being largely engaged in
trade to thofe parts of eur American colonics, where
I was informed this fand was to be eafily procured,
and in very Jarge quantities, I was in great hopes an
account of this nature would have inclined fome of
the gentlemen in that part of the world, to have pro-
fecuted fo ufeful 3 difcovery in a larger way; and I
own I have often wondered, that.an affair of fuch
confequence fhould have lain dormant for {fo ‘mapy
ears.
Y However I was a few moaths fince pleafingly fur-
prifed, to find in the hands of my very ingenious
Kiend Mr. Petes Collin{op, not eply a pamphﬁ:,_ b:g
ew
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likewife a letter upon the fubje&t addrefled to the So-

ciety for encouraging of arts and manufattures, by

one Mr. G. Elliott, who relates, that, though previous

to his attempt of making iron from this fand, he met

with nothing but what was difcouraging from the

moft fkillfol perfonsto whom he propofed his defign,

yet that he had fuch a perfuafion in his own mind of
the pradlicability of the thing, that he could not reft

till he had made a trial, and the event proved encou-

raging much beyond his expe@ations, infomuch

that he could {carcely believe the trial had been fairly

- made, till a fecond trial evinced with certainty, that

cighty: three pounds of the fand would produce a barr

of ekoellent iron weighing fifty pounds: a prodigious

yicld indeed, and far beyond what I have ever heard
of from the richeft common ores that are any where

to be found; moft of the ores I have ever met with

or heard of; yield little more than half in pig metal,
and which will fuffer a wafte of near % part to make

tolerable good barr iron, and much more if Iam

rig,htlymgrm ed, when the iren is intended for
more valuable purpofes, fuch as being drawn into

wire, &e. “

After I bad feen his addrefs in his letter to the So-
ciety, and his pamphlet; by the affiftance of my friend
Mr, Collinfon, 1 fent him overtwo or three hints,
which I judged might be of fome fervice to him;
this Ggf()dmd the favour of a letter from him, of
which the following is an exad copy.
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Mr, HenxryY Hory,
Sir, Killingworth, O&, 4. 1762,

I Underftand by Mr. Collinfon, ‘that youhave feen,
and greatly approve of, the fample of fand iron
which was fent; that you are defirous to know how
it was made, and whether it can be made in large
barrs. The little barr you faw, was cut off from a
barr of g2 pounds and a half, the firft that was made
atmy fon’s work, the firft that was ever made in
America, and probably the firft that was ever made in
the world, in that manner, and {o large a barr, I ne-
ver heard of any attempt made upon the iron fand,
till that of yours 20 years ago, of which Mr. Collin~
fon gave me an account in his letter.

As to the manner of making the iron, it is wrought
or {melted in a common bloomary, in the fame man-
ner as other iron ore is fmelted ; excepting this dif-
ference, this iron fand is fo pure, fo clean wathed,
that there is not a fufficient quantity of cinder or flagg
to promote and perform the f{melting, therefore we
add either the flagg which iflues from other iron, or
clfe add fome bog mine ore, which abounds with cin-
der; in this way it is as capable of being wrought as
sock ore or bog mine.

I was in hopes that if this iron fand could be
wrought ats all, the particles being fo very fine, it
would fmelt very quick; but herein I found myfelf
miftaken, every particle has a will of its own, and
muft have its own particular fimelting, for inftead
of its being performed in lefs time, it took more than

common
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common iron ore, but, upon farther experience, and
more acquaintance with this fand, the workman has
fhortened the operation from five hoursdown to three:
if by any mieans it might be reduced to the fame time
with. pigg iron, it would be a moft ufeful improve-
ment. If you canafford any dire&tions to haften the
opetations 1 thould be greatly obliged for any inftruc-
tions.

There is o much of this fand in America, that I
ath apt to think, that there is more iron ore in this
form of fand than in mines. )

I have writen an eflay upon the fubje@, which 1
hope Mr. Collinfon will let you fee, as I hope to fee
what you are about to publith. My fon has a fteel
furmace, which was ereted feveral years before the
actof parliament prohibiting themin the plantations:
h¢ has converted fome of the fand iron into fteel, of
which I fend you a fample; as alfo a fample of the
iron. Asmy fon had noinftructions for making fteel,
we were forced to hammer out the fkill by various
trials as we conld; fo conclude that he is ftill imperfect,
and wants your help and dire€tion to bring it to per-
feGtion, in which art I underftand that you are aper-
fe&t mafter, and withall kind enough to offer your
affiftance ; for which I am very thankful, and ook
upon it as an aditional favour, if you will be pleafed
to indulge me with the benefit of your correfpondence,
for I live in a corner of the world where fuch infor-
mation as, Itruft, you are able to furnith, will be high-
ly beneficial. Previous to my attempt of making
iron from fand, I propofed my project to thofe who
were the moft {killful in thofe affairs, but met with
nothing but what was difcouraging; yet after all,

Vor. LIIL 1 had
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had a perfuafion of the praQicability of the thingtoa
degree next to enthufiafm, {0 that I could not reft
till 1 had made trial. T am glad that the iron has fuch
qualities as to meet with your approbation; I knew
that the iron was good, but did not know that it was
fo good as your fuperior knowledge has found it. 1
want to know what fuch iron will fell for in England,
whether it will be worth while to fend it.  This black
fand is a treafure that has long lain hidden from the
world, and is what may render the colonies more valu-
able to Great Britain.

I am, Sir,
Your moft obliged humble fervant,
Jared Eliot.

P. S. The barrs of iron which have hitherto been
made of fand, are from fifty to fifty grofs, hope in
time to have them reach to feventy pounds weight
each; experience muft determine that matter, we
can dobetter than at the time the eflay was written.
We have been vifited with a longand fore drought,
have done nothing for a long time for want of
water.

The famples which accompanied this letter, were
two fmall barrs, weighing only a few ounces, one of
the iron made from the fand, the other of fteel made
from the fame iron. Thefe barrs I have tried, and
found that the barr of fteel worked extreamly well
under the hammer, was very pure and clean, ?nd

ree
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free from flaws. On the contrary the barr of iron
turned out much otherwife, for, though it appeared to
bear the force of the hammer, as well as the fteel,
yet it was not near fo pure, but broke out in flaws
and hollows, almoft through the whole of the barr,
and which a welding heat wouid by no means bring
into proper union; this however engaged us to try a
different method, which was, when tbe barr was re-
duced into a proper fize for the purpofe, to double it
up three times, one part of the barr upon the other,
and to try if it would then bear welding and become
more confiftent, and by this means we found the end
perfeitly well anfwered ; for it bore the force of the
fire and the hammer, and became in a manner per-
fectly found. This fevere trial proved, to a demon-
ftration, that the iron pofieft all that agreable tough-
nefs and du@ility, for which the Spanifh iron is fo de<
fervedly famous, without partaking of that vile red-
thire quality, for which the latter is very remarkable,
and manifeftly tends to prove the excellency of this
fand iron, when reduced into barr iron under proper
care and circumfpe&ion,

You will obferve, Sir, from the letter, that this
fand is fo pure, and fo clean wathed, that their firft
method of reducing the fand to barr iron proved
too tedious, for want of fome of thofe adventitious
materials, to promote and perform the fmelting, and
which always accompanies the common ore, whether
it be of the rock or bog kind; which materials, mix~
ing with the matter, made ufe of by way of flux, and
uniting with the athes of the fuel employed in melt-
ing down the ore, is ufually run into a thick opake

I2 glafly
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glafly fubftance, forming, as it were, a covering over
the metal, which, by its gravity, naturally finks to the
bottom; this the workmen call cinder. Now the
want of this matter rendering the operation too tedi-~
ous, I find they had recourfe either to this cinder
brought from other iron works, or to a quantity of
the bogmine, which, I doubt not, would abundantly
furnifh matter for cinder. If they had ufed only the
firft, and that properly chofen, it might very probably
have been of fome fervicey, without doing any material
injury to the metal; but if the bog mine is ufed,
though the fervice might be apparently more, yet
in all likelihood the injury would be infinitely great,
and I am inclined to believe that fomething of this
kind occafioned the difference obferved between the:
two barrs above mentiond, viz. that the one might
have been reduced by the help of more pure materials,
and the other by the affiftance of their bogmine,
whofe conflituent parts abounding with many impu-
rities, fome of which, by mixing with the metal,
may have occafioned the defects above complained
of, and which required fo fevere an operation both of
the fire and hammer to feparate fromit. I am there-.
fore of opinion, that as the profecution of this ufeful
difcovery deferves the greateft encouragement, if the
Society of arts and manufaCtures fhould take it under
their patronage, the premiumi they may think proper
to propofe fhould rather befiven. to the perfon whe
fhall produce the pureft metal, than to him who fhalk
produce the greateft quantity, for otherwife; I am
afraid, we fhall be deprived of what I fhould efteem
the moft valuable part of thi¢ difcovery; 1 mvean the

' obtaining
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obtaining a more pute, and better kind kind of iron,
than any we have hitherto been poffeft of, and which
T am certain this fand, under proper management, is
capable of producing.

ITam,
Sir, with the greateft refpect,
Your moft obedient.

Feb. 5, 1763,
’ humble fervant,

Henry Horne.

XIV. Ex‘ :



