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The Tropsfermation Point of Nedals -

This repord was first started by Mr. Hildexz.
The furnsce was firss designed and oonstrusted by him. He
howsver, d4id mot have ¥ims %0 finigh 4% as he wished., Ke
mspaged $0 oarry om ene test with it whioh ocame ous fairly
good but hs could ot heat 1% up 0 Righ snough temperature
because the heating ocoil was plased %00 fay from the sample
which was 0 b8 fested and cbeerved. The MAR prodlem thal
omwumlmrimthnhcpthenmtzonmm
'mwhhmghntum
" The fwnses as ccastrusted is in the ferm ef & oyline
der sbous 7 3/4 inches in amnx and standing aboud &
inches high fram the fable. There is & cover %0 this fur-
Race, with a hole bored thru the center and $hru which the
netal is obaexved with the mioxossops. This cover is
hollow and has an inlet and an outlet for waser whioh is used
Zor keeping the micrescope oeel and alse making it mere
samfarsable for the operator or the obsexvex. Ihe hole
in the osnter ef the cover is tapped and has & brass plug
whiah is threaded and placed in this éapped hele and may
be mameved &% will with & special wrench. This plug has
a 3/4 inch hele drilled im 4% and there is a piece of
selected mica placed in this hele and ocemented domn
with alundum cement. In the base eof the furnace thexe
are wwo holes drilled for ths leads to she heating coil.
The lesds are, of oourse insulated from the oasing of
the furnace. %The thermal couple comes into she furnage
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thru a hols in the gentexr of the bottom of the furnace.

mlMIQhMlninehl.aMnthw

and-fitved with aa imch plug. This plug is drilled

with two heles about 3/8 inoh in diameter. Thess

holes axe for the thermal cowple. ZThe thermal couple

projected up shru shis plug and into a wrought Aem
stand shich holds ths sampls. This ow‘m' &t firsh
ouly supperted by the thernal couple and what 1ittle

packing happened 1o be under i3, 7This was ons of the
faults of the furnace, s give goed rFesulss the sample

should be about an eighth of an inch fyom the mion.

This pesition also protects the miozosoops from the heat.

In the way thad the furmses was first build 4% was wo=

handy %0 remeve the sampls from the stand as it would
goes the stand oud of pesision and possidly displace 1%
so that the sample would be more than an eighth of aa
inch belew the mica. This would cause the glaes ¢f

“the micrescops %0 beoome hsated up and Possibly mels

" the cement that holds the glass in place. Aneihez

fauld in the first construebion of the furnase was,

that there wexe shxree holes drilled in the bottom for

letting ous the exygen. These holes wers abous 3/16

insh in diamster and were mush $00 largs as they led

she oxygen ia instead of letting 4% ous. In the side

of the furnace near the top was an inlet for nitrogea
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which is $0 replace the exygen and thms kesp the piecs
fzon exidising. The cever %0 the furnace was fitted
fairly close $0 the tep af the furnace but not quige
clese snoughe An oiled gasket was ngeded 30 make the
top adr ¥ight,

Before 1 could comdnct any fest or experimsny on
the furnace I had 30 ever«~cems thess faults and re~
arzange the furaage. The holos in $he bettom were
fizst plugged up and shen I werked on the construction
of & euildable heating 001l which would briag the head
clese endugh $0 the sample. The ¢34 heating coll was
abous $wo inches in diameter on the inside. Wilh this
ooil only about 1000 dsgress Fahrenheis oould be remchad.
The ¢oil should give a Ssmpsrajure as high as 1600 de-
gresn. The heabing elsmsnt in the new coil was made
of nisrem wirs, 30 gage. I tried two types of eoils.
The firet ome waa made by winding this wire am an eighth
inch mandrel, Abous tweniy fees of the wire was wound
in this way. %his eoil was then wound around the stand
a8 0los9 40 hhe sample as Pposeible ond held in place
by alundum cemant. This 001l would nos werk because of
short cirouits which were almest imperaidds %o stap.
The next ¢oil made was of wire wound on a 3/4 inoh
mandrel amd Vhen placed insids of a strajght poreslain
orucible, the bottom of which had been sawed off. ZThe
inside diameter of this was about an inch. Ome coil






- g =

L 3 a

was placed inside of the arusible and the other ons
was wound sbout the cutside. Both oL thess ¢0ila wers
held im plsce with alundum cement. IV was foumd that
this coll worked alright, When it wes tested it was
found thod 1700 degrees Fahrenheis could easily be
reached with out the imsulation arowad the coil and
with the opvex ef the furmace off. A resistance of
about 85 feet of the same wire was wound, and was used
o keep the temperature from rumning up %06 fast and
burning out the heating coil. Another plug was made
$o Iit into the hols sbove the plug (A) thru whiokh the
thermal cowpls leads run. A hole was drilled them the
botsom for the couple. In the top of this plug wars
placed #wo dowel pins which fisted into she sampls stend.
These dowel pins held the saxple stand rigid and in place
s0 that the saxple can sasily be examinsd by the micre=
soope. The sauplé Ltself wes a plecs of stecl abowk 3/8
inoh in dismster and abowh 1 1/4 inches long. Thews is
& hols ebout 1 inch desp drilled in one end fer Ahe
thermal oouplo. The other end of the sample 1s polished
10 be examinsd. 7The thermal coupls was run up thru
the plugs and into place end held there with alundwm
cement. This cemsnd also helped $0 maks the fuxnace
air $ight axound ths souple whore it lefs the furnace.
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Xext, the heating coll was sst on the stand and the
leads 0 4% were astached $0 the brass sorews pass~
ing shru ths botten ¢f the furnace. The fwrnace
around this ooil was packed with magnesia $o hold the
heat in, About the ¢0ild wes placed some fine carbom
for faking up some of the axygen that might otherwise
g0 tovards oxidiming the sample. An oiled gasked was
made for the top of she furnsce and placed can the 4ep
end then thc cover of the furnuce was sorowed inte
place, meking an almost aizr-tight conneotione

Before ary test could be run on the furnsoe the
Brown Heat Nster had to be calibrated ageinst tha$ thex=
ie.l coupls, A Hoskine pyromster was ueed as a standard.
Both pyrometors were oonnected %o the sume couple with
& double pole double throw switche Readins weze Saken
on the pyrometers &t the same time and then & cwrve
vas plotted. It was found that the Brown Heat Metex
read sbout 150 degrees low. By the curve the temperature
oould te found froam the Brewn reading. The heat meter
was then econschsd up with the coupls as showa in the
miring diagrame |

‘The sapped plug () was zewoved from the cever
and the sampls of metal $0 be examined was slipped inte
Place in the stand and the oover then soxrswed dewns
Bafore pulting this sample imto the furnuce, &% was






k]
H
3

6o

Calibration of Brown Heat Meter.
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A ZThermal Cou ple
B:zBrown Heat meter
C zHeating Cor/
= Resistance

J I Swifeh

Wiring Oiagram of Furnace

Orawn by C.£ Watson.
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stohed with nitrio aoid afder polishing: The watex
wes turned on 80 thad 4% Xan thru the covexr of the
furncoe ia the manney indicated im the figugze. 7Te
mioroscope was set over thes sample and foousod and
lizhted. Tha resistonce was connected in as shown In
the wiriag diagram and the apparatus was then ready
for conducting the fitet Gess. No nitrogen or other
gas wae used %o keep the metol from oxidizing. The
owrrent was twrned om and the sampls watchsd Shru the
microscope. Nothimg happemed uansil sbout 700 degrees
ond then the pigow began gradually $o darksn over as
if oxidized., The grain struoturs entirely disappeared
and nothing ocould de ssen on the surface of the metal.
It was sasily sesn tha$ this method would no$ wexrk,

In the next test run on the furncce, & low caxbon
ateel wes weed. In aiditom to shis a hole was drilled
in the side of the furnnce and & tank of nitrogen weas
conneoked $0 the furnsce and rum into it thru $his hole.
The tosh was agaln repeated and with mugh bester results
2s the metel did not s¥ard +o axidise $1i1 abous 800
degrees. A% this point thers wes some oexd 6f & choage
in the metals Tha picce Or scmple appeared to oxidise
ovex entirely ad abom 800 degroce. At BAD degreess the
atructurs vos Dack 3n sight sgain and was very muoh mexe
" in sigh$ than 4% was originally. The piece oxidized as
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abous 850 degrees withoui any chemge being noticeabls.

The next tesh wes run the same way excepd thed »
sedl hole al.out cn eighth of ~n inch in dismeter was
Jrilled in the bottom to let out ths air thet was al~
ready in the fuyneaoa. ﬁtrogm is slightly lighder in
weight than axygen, therofors it would be almost pure
nivrogen at the top of the furnace vhile the oxygen
woudd graduclly work ous the bettome 7This would leave
only & small percamt ef oxygen im the furncce %o oxidiase
the metal. This teat oame out nearly the same as the
othor one bofore. The metal appeared to oxidise ak
800 degress and then came back inko sight egain a% 850
degreea. %The mstal exidiged at about 1000 degrees this
time and @411l there was not any change %0 be seen in
the sanple.

In the third %es$ run on the furnece the hele in
the bottom 0f the furncos was plugged up, amd then by
means of & T tube, and oile-sealed alerxnp vas attached
$0 the furnccee The air was at first exhousted os far
28 possible and then ths altrogen was run into the
furnsce. The resul$ing mixiure of nitrogen and air was
then pumped out of the furnace snd then moxre nitrogzen
wes et ine This vas repeated several times before the
teat vas started znd in this woy nearly all the oxygen
was tuien out and replagsed with mitrogen. Ths currzeny
wae then turned on and the sample watched againe
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3% was fownd that the firet change %ook place sbowd
750 instead of 800 degrees as in the othars. The
siruoure disappesrsd sgain and when 1% game dack in%e
sight there was a darker xedish coler $o0 i%. There
was no change $ill nearly 13800 and thon & very slow
change started. It was se slow that 5% was hardly
noticeabls, but fast snough to know that there was
something going on in the sample. The ferrite ar
the lizhter salemad struscture ¢f the sampls seemed
to be gottinz smaller whils the darker strusture o
the paaxlite scomed to be zotting largezr all the time.
This change ccatimued t1l1l about 1300 degrees and thea
there did not ssem to be any more changs. In ordex 49
;aae vhat happened when the pisce was oocolsd, the ourrent
vas turned off. Nothing was scen because the metal immed=
fately began %o oxidizo, This wae probably beocuse ef
the nitrogen being ciroulotad while the mple wos Deing
heated. This nisrogen would tamd to :oria a sort of a
£ilm ciout the seuple which would keep the oxygen away
from 45%. Ao soon ns the hcat was teken avay the move-
rent of nitrogen would stop and the f£ilm be broken wp
and let the oxygem in the furnacs to the mstal ond

thus oxidisze 1%,
In preparation for the naxt teat a plece of law

cerbon stsel was obtained and surned into a standard
veet bar. This was pulled with a lead of 10,000 pounds,



A pioture of the pnfem used to meke the
furnace end elso the core box used $o make the core
¢nd the core that is veed in the meking of the cover
to the furnace.
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The purpese of this is 0 get & plecs ef metal ihat
has besn sizensed and ses tho effeed ef heating on
3. It 1s sald that & piece ¢f metal that has been
streased has a large grain growth at low temperatures.
If is also said that low carben steel will not oxidiss
a8 esaily as dess ths highsr carbon steels. Bome very
quesy thipgs happensd Ia this test. Tha pisce did nod
8x&0lly oxidise a% the demperaturs the sthers have dean
doing, but 1t 414 change eolor. At about 7650 degrees
the surfags of the metal %0 the ¥ys appearsd 1o be turmsd
& deop red colox. ThIm the micrescops ths eumlacs of the
matal darkened slightly with a redish tings. As aboud
780 degrecs ihs surface of the metal began to tum teo
a blms. In the micrescops, the bluAah Sulor was nodise-
able. 7The light periion between the Orystals turned blwe
and had $he appearancs of watar. The darker portions
dooked 1like 1ivtls islands in she watex, On cxhaousting
the air the mstal swrned back to its original color and
remained thezre until the mesal became re¢d hot and them
the meial assumed a redish colare Af 1300 degrees and
& 1ittle evox thare wes anothex change which 00k plase
very slowlye The surface of she sanple looked vary muoh
like 1little globals o2 fat on watere The outlincas of
the crystals wems #till in eight and remsined in sight
%111 about 1300 degrees where 1% oxidised over. Ihe
orystals appeared to be getting a listls larger tut they
414 not grow as was expecisd. Mhen the plece was takem
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out of the furmsee and polished and stched and them
examined under & microscope it was found that the .
grystals had changed shape somewhas and were a little
lazges,

In the seqand test that was run omn ihis aame pisce
of metal nearly the same results were obtained. At
~ about 1100 degrees another strangs changs $00k place.

The orystals did not ohange but there was another ohynca
in 3he coler of the sample. The surface of the metal
looksd very much as though a drop ¢of water had been dropped
upen 1% and 1% flewed around amemg ihe cxystals, There
was & bluish colex whioh ran around amoung the corystals
very muok the same as water would do. This kept up WARY
the entire surface of the steel was of this colez. Thias
blue coler was fringed with red and purple. Nothing
further was obsexved bDecauss at this peins the mioa
oracked and spolled the view of the sample.

The next test was again run on the piece of medium
carbon steel. This pisce again appeared to exidize ad
750 degrees and then came baok inso sight. Where the
metal first appeared white under she microscope it new
appears blus and the surface of the metal was blus %e
the oYye alse. At adowk B50 degrees, the metal came
back $0 1ts original color agaim and remained there %111
1% oxidised at about 1350 degress. Just before it aid
exidise thors was a siew changs in the sine of the erystals.
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Just before the outlines of the erystals hegan to
disappear it was sasily noticed that the arystels
wore growing larger. At this point the metal degan
0 oxidize and nothing mere oould be sesn of the change,
The metal was polished and stohed when it was 000l ead
Sher examined undsr a microscops: in order $¢ make sure
that there had been & chengs. X% wes found that the
crystals had very nesrly doubled in sise. They were
s0 laxge that they ocould be distinguished with the eye.
This was the last of the tests that I ran om the two
kinde of metals. |

In conolusion I will say that I think better results
could have been obtained if the furncce ooculd have been
made mors nsarly aix tight. The air pump needs to be
connected $o the furnace with metal connections. Xf this
had been done & highexr vactum ¢culd have been chtalned.
Ancthex shing that was s source of trouble was the piece
of mios which was over the sample. | If %00 much air was
sxhausted from the furnace, the mica would break on
sccount 0f the air pressure on the outeide. Alse the
mica would sometimes oxack and spoil the view of the
sample when a high tempersture was zeached. A good
quality of mioa has t0 be used. A special gasket is alse
neoded &s the paper one is soon burned away and this less
alx into the furnace.
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