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CHAPTER I

INTRCGDUCTION



™Hy EFFECT QP A TEMPERATTRE “RADIETT 0N
CONCENTRATION IYM SOLID ALLaWF

CHAFTEE |
INTROSICT LN

The puppedas of this research ls ta acetarmine the
gffect of & temperstura diffdrence on anp elloy's conceantire-
tion where ane portlicen of tha slloy {3 mainteingd =f a
temperature correspordlng Uo an unsstursted selutiorn and Lhe
ather portlon malnteined At & teoperature wnich lies oelow
the msaturated solution curve. Tne expected result would be
the mleratlion Prom the reelon of saturation teo that of wiset-
uration of the aolute component, and would cccur in elloy
aystema where the solubility of one of the componernts 1n-
ereefag rapidly with tepperature, (Sea Plg, 1 Top example. )

Clopely aligned wit' thls jrotlem 15 the study of
thermal diffusion. However, 1= thermsl afiffuslon there ix a
non-unifermity of temperature wlthlp & mixture and ocecauss of
thnies diffusiern orcurs, Trhus, rthesral diffusion gecurs 15 a
one-phase rerlon whereams in the resesrch presanted hers difl -
fusicn ofcurs 1n & two=-phase repion, with the exceptiorn of
one Allow, Hagleally, however, tha probleme of thermal

diffusfer, btoth sxperlméentsally &£nd theordtlcally, are toe

problems in tnla peseareb,
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There has been no work done in the past on what might
be called "2-phase thermal diffusion.”" THowever, in "pure"
thermal diffusion much work has been done especially on gases
and liquids. Chapman, 1 Jost,2 and Crew and I[obsd give ac-
counts of the history of thermal diffusion. Briefly though,
in 1856 Ludwig found that when he applied a temperature
gradient on a vessel containing a sodium sulphate solution, a
difference in concentration resulted. Then twenty years
later Soret (1879-81) repeated Ludwig's experiment and re-
ceived vetter results oy using various salt sclutions.
Thermal diffusion is sovmetimes given the name Ludwig-Soret
effect or Soret effect,

In gases thre phenomena of thermal diffusicn wes pre-
dicted theoretically by Enskog (1511, 1912, 1917) and Chapman
(1912, 1916, 1917) before belng observed experimentally by
Chepman and Dootson (1917), and Clusius and Dickel (1938).

In solids, tue experimentation has been meager and
the theoretlcsal treatment slmost non-existent. Relnhold and
Schulz (1933) investigated solid ionic crystala, They used
mixed crystals of halides and sulfides of copper and silver,

but the observed changes in concentration thcugh were not

ig, Chapman, University of Maryland, The Institute
for Fluid Dynamics and Applied Methematics, Lecture Series,
No. 19 (1952).

2y, Jdost, Diffuslon in Sclids, Liquids, Gases, New
York: Academic Press Inc., (1952).

BK. . Grew and T, L. Ibbs, Thermal Diffusion in
fases, New York: Cambridge University Press, (1952).




entirely due to thermal diffusicn as deGroot pointed out
later. In fact, deGrootu in his monogreph on the Soret
effect notes that thrse authors claimed to detect a Soret
effect in sclids; he himself classes the amorphnious solids
with the liquids., The results for the crystalline solids he
considered unsatisfactory.

Liquid alloy solutions have been investigated to some
extent; recently Winter and Drickamer5 heve published in this
field., Only in the psst few years has any substantisl work
been published on thermal diffusion in solid zlloys. However,
some work was done by Bal]ay6 on the Pb-Tl system. Ballay
found that se:regation took place when prolonged uneven heat-
ing was carried out on a bar. Darken and Oriani’ published
some results on thermal diffusion in three solid binary
alloys, Fe-N, Fe-C, and Au-Cu., They found that the intersti-
tial solutes migrate to the higher temperature region of the
speciman as also does copper in the Cu-4u alloy.

The selection of the alloys for this investigstion
was governed by the nature of' the equilibrium diagram, As an

example, consider the Zn-Al system shown in Figure 1. The

Ll'S. R. deGroot, L!'Effect Soret, Thesis, Amsterdam,

(1945).

) 5?. R. Winter and H. O. Drickamer, Jour, Phys. Chen.,
59, 1229 (1955).

—

®M. Ballay, Compt. rend. 183, 603-l (1926).

_ 7L..S. Darken and R. A. Oriani, Acta Metallurgica, 2,
8L1-847 (1954). &




Initial concentration of the alloy was spproximately twenty
per tent zine, The lower termparature wae ca, 150" € and
the upper temperature ea. 30UY . The lower tempersturs 83
shown by the dlagram for twenty per cent zinc is the alpha
plus beta and the upper tempsrature llee 1n the alzha reglon,
The alloy syatems wWidoll wers plckKed after due conslad-
aration with regara to chemicael steblliity, availacllity, and
equllicriom disgram were the Cu-pl, Lp-Al, zn-Fb, and Cu=0Gr.
The aase of snelysis was not In all sases g ciolef factor In
the selection of tie alloy systems arnd the amelytical methosds

to be used presented maelor probiems to Le overcona.
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CHAPTER II
EXPERIMENTAL

Materials.--The alloys used in this study were, as previously
stated, Cu-Ni, Cu-Cr, Sn-Fb, and “n-Al., The Cu-Ni sample
used was Alloy 11 from Driver-Harris Co. and the Cu-Cr was
donated by éAnaconda Copper Co, The per cent of nickel was
O.4 in the Cu-Ni alloy and since it was used previously as a
spectrogrephic standard it was considerea to be free of im-
purities. The Cu-Cr alloy was 0.5 per cent chromium and the
remaindser copper. The Zn-Al sample came from the Aluminum
Company of America and had approximately twenty per cent
zinc. From a semi-quantitative analysis on the spectrograph,
the Zn~Al alloy was found to have about 0.l per cent each of
iron, silicon, and magnesium and trace gquantities of zallium,
vanadium, copper and lead. The Sn-Pb alloy was obtained
from the National Lead Co. and contained approximately
fifteen per cent tin and the rest lead. It also was checked
on the spectrograph and was shown to have only trace quan-
tities of silver, copper, bismuth, and calcium., All of the

slloys were obtalned in rod form.

Apparatus.--A standard type of apparatus was used to provide
the temperature gradient on each sample., Figure 2 pictures

the external view of two identical set-ups of the equipment
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used. The source of heat was a Hoskins electric furnace.
Into this furnace was placed a guartz tube of one inch inside
diameter and thirty inches in length,

A condenser was made by attaching eight Inches of
1/2-inch diameter brass tubing to one end of a one-inch plece
of 1/2-inch diameter copper rod by means of silver solder,
This copper rod had a 1/4-inch threaded hole 1/4 inch deep
drilled on the end away from the brass tube, A rubber stopper
was placed on the brass tube and positioned about 3/4 of an
inch from the copper rod with the narrow end toward the copper
rod., The brass tube then had placed on it another rubber
stopper with the narrow end pointing toward the open end of
the tube. A glass tube, one inch in diameter ana four inches
in length, with two smaller 1/4-inch glass tubes attached to
its side, was then placed around the brass tube and fitted
down on the second rubber stopper. A third stopper was placed
on the brass tube and pushed down in order to seal off the
glass tube. The small glass tubes provided an inlet and an
outlet for water,

For a "heat reservoir" to maintaln a constant temper-
ature for the hot end, a 3/4-inch dismeter copper rod six
inches long was used. The rod had two holes drilled on one
end, a l1/L-inch threaded hole of depth 1/ inch and another
of 1/16 inch diameter and 1/2 inch depth.

In order to measure the temperature, thermocouples

were required and since the maximum temperatures at which
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the samples wére to ve studied ransed tcatwean 200 and L0U%
it was decided thaet the chromel-giumsl thermocouple would be
thes most satlafactory. A two-foot strand of 28-gau:e alumsl
wire and a two-foot strand of ZH-gauge ohromel wire were
twistad togeathar at ome end and welded. ror aboot six inchan
from the welded end the wires were covered with thin ceramle
covering or 'up;ﬂhatti" which protected the wire Trom ths
hent and from touchlng one another or eny othér meételllo
matéerial., The rubbsr stopper on the brass Lube nReEarsst Lia
goppar rod waa cut down 1ts alde to Fform slits into whdch Ehe
thermocouple wires were placed. “he wires from tole polnt
1ed to a normal thermotouple clreuit with a coléd Junclleon

at 09 C,

At EHis polnt the ssmple was szbhapsd Lo tha dlamsater
and lensth desired (Table 1), then tnresdea on both epds,
The sample was acrewed into tha "heat reservoelr" and then
fnte the condepser, THé rthéermooduple waa placed into the
1/le=inch diameter hole on the "haat reservolr" and wires
pushad into slite of ths rubber stopper.

The Zn-AL sample was prepared in n slightly different
ramer, The orlginal form of the Zn-il semple was a 3/4-1inech
diametar rod 7-1/2 inches ln length, On one end of the rod,
a8 L/y-Ilpeh dlametér hole was centerad, drillesd, end threadea,
About 1,/7 ipah from this end a hole of 1/2 an inch in depth
and 1/16 inch diemeter was drilled into tre slde of the rod.

One-hall ioch from the L/Llb-inoch hole, the rod wes rachinec
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down to 1/h of an inch in diameter. Thils was dons 3-3/4
inches along the rod eway from the threaded hole. About one
inch from the other end, a hole of 1/2 of an inechh in depth
and 1/16 inch dismeter was drilled on the side of the rod.
Instead of a copper rod on the end of the brass tube, the
brass tube was closed by means of a stalnless steel disc
soldered to the brass tube. In the disc was a hole of 1/i
of an inch in dilameter which was thresded and fitted with a
double-headed screw, The in-Al rod was then screwed to the
double~-headed screw by means of the threaded hole in one

end of the rod., The rubber stopper in this case had four
slits cut into it and a thermoccouple placed into esch of the
two 1/1lé-inch holes on the side of the rod and wires were
prassed through the slits of the stopper.

The sample, together with the condenser, thermocou-
ples, and "heat reservoir" wsre placed into the guartz tube
and pushed down until the "heat reservoir" was centered in
the middle of the furnace. The rubber stopper nearest the
sample was fitted tightly into the quartz tube. The other
end of' the quertz tube was fltted with a rubber stopper and
& glass stopcock. The connsction between gll the ruvber
stoppers, the glass, quartz, and metal were sealed by means
of Apiezon wax. With a Welch Duo-8eal High Vacuum Pump, the
guartz tupe was evacuated and the tube [illed with srgon
then evacuated again. After repeating this "flushing" pro-

cess several times, the tube was filled with argon and the
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stopcock closed. Rubber hose was connected to the small
glass tuves ou the condenser., Water was allowed to pass
through the condenser, About five milliliters of water were
poured into the brass tube. The apparatus was then ready
for operatlion.

The eoquipment used for the measurement of the temper-
ature was a Leeds and Northrup Fotentiometer and a standard
cell. Weber'sB tables were used for the conversion of poten-
tiometer readings to temperature,

Several types of equipment were used fcr the analyt-
ical determinations. An Applied Hesearch Laboratory one and
one-half meter grating spectrograph with a dispersion of
7 8 per millimeter was used for the anslysis of the Cu-Ni
and Cu-Cr samples. A Leeds and Northrup Electrochemograph
Model Wo. 42200-Al with a Leeds and Northrup Micromax
Recorder was used for the analysis of the Zn-Al alloy. The
apparatus for the tin determination in the Sn-Pb sample will

be described in the analytical secction of this chapter.

Procedure.--After the sample had been placed in the tube,
argon was passed in; water was turned on to pass through the
condenser and water was placed in the brass tube. The sample
was ready to be subjected to the thermal gradient. Ini-

tially, the Variac was turned on and set at a volts, e which

BR. L. Weber, Temperature Measurement and Control,
Philadelphia: Blakeston Co., P, 388, (19L1).
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would cause the furnace and the "heat reservoir' to reach
the required temperature. After about thrse hours the tem-
persture was measured and the variac adjusted if need be.
The following morning the temperature was recorded and again
eight hours leter. This procedure was followed for about
three or four days after turning on the furnace or until the
temperature no longer gave more thean & 10° variation., The
temperature could not be recorded after the lapse of a week
beceuse of the contamination of the thermocouples., The
spparatus was then ignored for several months. Occasicnally,
however, water was placed in the brass tube., For the exact
conditions to which each sample was subjected Table 1 may be
consulted,

After several months had passed, tne furnace was
turned off and allowed to cool for about two hours. The sam-
ple was then removed from the tube and unscrewed from the
"heat reservoir" and lts attschment to the brass tube.

In the case of the Cu-Cr and the Cu-Ni samples, the
rods were planed down lengthwise in order to give a smooth
surface sultable for spectrographic analysis.

The Sn-Fo anG Zn-Al were sempled by means of a lathe
which cut off samples along the rod at the following
intervels: Sn-Pb rod, every 0.006 of an inch; Zn-A1 (A and B)
rods, every 0.U¢ inch; end Zn-Al (C) rod, every 0.05 inch,
These intervals were chosen in order to get the proper

welpghts for the analytical procedures., iach sample was then



pleced into & visml, corked, and welaghed ms soon es peszslble.
tample number one for easch rod was tskap from the hot end
grnd the hishest sample numoer ln the group was obtsined Uror

trha cold snd.

Analyticel uUsterminations.--The fu-Cr and Cu-Wi semples were

aralyeed by use pf the apectrograph. The samples were planed
devwn a3 previcusly stated uwuntil about one-hall cf the sample
remeined thuas producling s lepng, flat surface on the roé. The
ares immediately beyond the threaded end whloh kad been at a
temperature of ca. 100% ¢ was rumbered one, Ten such aress
wara aspaced out on the Cu-Cr sarpile and nine guch aress an
the Cu-Hi semple, Areas ten and nine were at the hot snds of
the Cu-Cr and Co-Ni sgmples respectively, Hach area was thep
sub jected to & spark from the spectrograph. Thus, by uwsing s
spark eéxcltetlaon method the chances In the coneentration of
the alloy along the rod were datactec.

The apectral llnes of the aampls were racordsi on
film and with & densltometer the transmission was messured
for the following linesy tha Qu-%1 sample, Cu-3010.HH and
the Hl-jﬂDE.uHR; the Cu-Or sample, Cu-s0L0,.8F and the
Gr-£2979.7%, From tre transwission of these lines the ratlc
of intensities wes celculated., (See Tables 2, 4, U, and &
for examples.) It should be polpnted out that thls was not
an absolute method since po atandards were avellable to set
A worklng curve. Only relative chenyes ocould be observed by

this method,
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An iodimetric technique wsas used for the determinsa-
tion of tin in the Sn-Pb alloy. It was first used by McDow,
Furbee, and Glardy9 for the analysis of solder bearing
material,

The sample was welghed to contain between 0.1 and
0.2 grams of tin intc & 300 milliliter Erlenmeyer flask. Ten
ml, of concentrated sulfuric ascid and about five grams of
potassium sulfate were added and then the mixture heated un-
til the lead sulfate turned white. The flask wes then cooled
and carefully diluted with wster to about 100 ml. Ten grams
of ten mesh nickel shot were added along with 75 ml. of con-
centrated hydrochloric acid, The flask was then stoppered
with a one-hole rubber stopper fitted with & bent glass tube
and rubber tubing that extended to the pottom of a beaker of
water. The solution was boiled vently for thirty minutes,
transferring the end of the rubber tube to a beaker of ten
per cent sodium bicarbonate solution several minutes bpefore
the end of the period. Keeping the end of the tube below the
surface of the bicarbcnate scolution, the flask was placed in
a suitable container of ice water and allowed to stand until
cold. The rubber stopper was then removed and a small pisece
of dry 1ce introduced Iintc the flask. Xeeplng the flask

below 109 ¢ by adding more dry lce if necessary, five ml, of

gT. B. McDow, K. D. Furbee, and F. E. Clardy, Ind,

Eng. Chem. Anal. Ed., L6, 555-6 (194l).
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starch solution were added and tihne solution titrated immedi-
ately with standard lodine solution to a permanent blue
end-point. The standard lodine solution was prepared by
adding 11 grams of iodine to 20 grams of potassium iodide,
dissolving both in water, and making sclution up to one liter.
By subjection of a known volume of a standard tin solution to
the method above, the titer of the iodine was calculated in
grams of tin per ml. of iodine., The standard tin solution
was made by dissolving an accurately weighed amount of pure
tin in 100 ml. of concentrated hydrochloric acid and then di-
luting to one liter in a volumetric flask.

The polarograph was used for the determination of
zinc in the Zn-Al alloy. This procedure was devised by
Payne,ln who stated that in his experience the best results
for the determination of zinc in the presence of alumlnum was
by means of a polarographic technique. His procedurs was
based on the standard addition technique. A& theoretical
treatment of this technique is given by Meites.ld

A 0.1 gram sample of the alloy was weighed and dis-
solved in five ml. of concentrated hydrochloric acid. When
the reaction had ceased, 0.5 ml. of three per cent hydrogen
peroxide was added. The solution was evaporsted by boiling

until solid began to crystallize out, then it was taken up

105, 7. Payne, Light NMetals 15, 152 (1952).

llb. Meites, Polarographic Technigues, New York:
InterScience Publishers, Inc. (L955) P. 1(8
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in a little water and evaporated egain. Twenty ml. of water
and two ml. of ten per cent hydroxlamine hydrochloride were
added and the solution allowed tec sit on the hot plate for
three minutes.

The solution was cocled to room temperature and one
ml, of bromocresocl green indicator solution added., A guan-
tity of a saturated solution of sodium acetate was then added
to the solution until the green end point was reached, This
oceurs at a pH of about 4.4. Three ml. of a twenty-five per
cent potassium thiocyanate solution followed by ten ml, of
a freshly prepared suppressing solution (made by dissolving
0.1 gram of sucrose and 30 grams of potassium chloride in
100 ml, of water)., Finally the solution was placed into a
100 ml. volumetric flask, made up to volume, and mixed well,

A twenty-five ml. aliquot was removed from the alloy
solution., This allquot was placed into a clean, dry fifty
ml. volumetric flask and made up to velume by using a stand-
ard zinc solution to be described later.

About ten ml. of the unknown solution was then
placed into a polarographic cell and de-aerated with hydro-
gen for ten minutes. The reference electrode was a mercury
pool in the polarographiec cell. After the de-aeration, a
polarogram was recorded petween -0.6V and -1.04V (the half
wave potential for zinc is ca, -1.0V), About ten milliliters
of the unknown solution with the standard added was pleced

into the cell and given the same treatment as the first
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solution. Thus, two waves were produced, the first being
one-half the height of the second, provided the standzrd

zine solution was made up te contain spproximately the same
weight of zinc per ml. of solution as did the unknown solu-
tion. In meking the standard zinc solution, pure zinc
sulfate was weighed out and dissolved in one liter of water.
The height of the wave of the unknown solution and the height
of the wave of the unknown plus the standard solution were
measured in centimeters. From the height of the waves, the
welght of the sample, and the concentration of tine standard

solution, the per cent zinc was calculated.
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CHAPTHER IITI
DISCUSSION OF RESULTS

As was pointed out in Chapter I, one alloy was sub-
jected to conditions which should have given rise to pure
thermal diffusion. This alloy was the Cu-N1 rod., The upper
and lower temperatures imposed on this rod were bounded in
the equilibrium disgram in a solid solution region. From
Table 2 it is seen that the ratio of intensities for the rod
varies only slightly from the ratio of intensities for the
standard. Thus, the nickel does not seem to migrate. This
might be expected since the diffusion coefficient of nickel
in copper is much lower than that of any other cormon metal
in copper. This last fact was polnted out oy Kubachewski
and Hopkins,l? when they stated that the diffusion coeffi-
cient of nickel in copper is 0,000089 centimeters per second
between 550 and 1050° ¢,

The Cu~Cr, Zn-Al, and Sn-Pb alloys have their lower
temperatures 1in a region below the saturated solubility curve
and thelr upper temperatures in an unsaturated solution re=-
gion, From the Tigures 3-7, each 1s seen to have an increase

in concentration of the solute component at the hot end,

120, Kubachewski and B. E. Hopkins, Oxidation of
Metals and Alloys, New York: Academlc Fress, Inc., (1953)
Y. 22




22

The chromium content in the Cu-Cr alloy seems to
have incressed by an zppreciable amount as indicated by
Tables 3-5 and Figure 3. The standard or untreated sample
is seen to have a much lower ratic of intensity than do the
positions &long the rod. This could be due to oxidation
and/or volatilization of the chromium, but there is no proof
of this. Again i1t should be peinted out thet the increase
in chromium is a relative increase and not an absolute one
since no standards were used to set up a working curve.

Table & shows the data from which Fipgure I 1s drawn
and from these it is noted that the concentration of the tin
increases at the hot end. In this case there is & one per
cent incregse in tin from the original concentration to the
concentration of the heated rod. This change would appear
quite significant. OSamples 1-9 of this rod came from the
threaded end of the rod and probably would be expected to
lose some tin due to the "heat reservoir" and the sample.

The three Figures 5, 6, and 7 give the changes in the
én-4l rods A, B, and C. They are drawn from the date given
in Tables 7-9. The great variation of results is due largely
to the analytical method, Little credance is held with the
results on rod A, since the experimenter had great difficulty
getting the polarograph to operate effectively. However,
even in that case, as with the other rods, there is evidence
of a definite increase in zine, the solute, at the hot end

of the alloy,.
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Ho theorsetlcal imtsrpretetion of LLese reaults shall
be mttempted hare, thourh thls would lesd To a fuscinating
gepeat of the problem. GCertelnly, as wuas polnoted out Lo the
introduction, the results ottalnsd here were to be sxpacted
gince thars is presant Ip thes treated alloy s part which 1la
in sn gnesturated state and § pert whienh is lo & saturated
state. The solute would be axpsoted to migrete from the
reglon of saturatiom to that ¢f unsaturation.

A projeact which might be unpcertakean e2 & furthap
development of thls sBtudy would Bo to take en alloy and sl-
low it to be treated Tor several different periods of tlme,
Fpom thia soma information asa to thse kinatics of thias pro-
ceas might be galpad, A good mlloy l'or Lhils mlght ta tha
sn-Fb aystam, It 1= easily obtainatle, the analyalas 18 very
accurate, and the eperating Ltempersblures are very locw as

gompared witi the cther systems,



CHAPTER IV
SAMPLE CALCULATIONS AND DATA

In order to give an example as to how the calcula-
tions were made in the determination of the tin in the 3n-Pb
sample and the zinc in the “n-Al samples, a run from each
group wes plcked as being typical of the entlre group.

The run for the tin determination is number 20.

(See Table 6.) The sample which was taken 1.20 inches from
the hot end weighed 0.85917 grams. One ml. of tke standard
iodine solution was equivalent tc 5.6557 ¥ 0.0165 x 10-3
grams of tin. After being treated according to the proce-
dure, the sample required 23.0 ml., of iodine for titrstion,
therefore 0.1301 grams of tin were present. This gave a per
cent of tin in sample 20 of 1L.59.

For the Zn-Al alloy run, number 30 of rod C was
chesern, the weipght being 0.1071 grams (Table 9). The sample
was removed 1,50 inches from the hot end. The sample was
dissolved and treated according to procedure, Curves were
plotted by the sutcmatlic recorder, and wave helghts measured.
The wave height of the sample solution alone was 8,40 centi-
meters and the wave height of the sample soclution plus the
standard was 17.70 centimeters, The standerd zine solution

was made up to contain 7.220 x 1074 grems of zinc per ml,



From the following equation the zinc concentrsastion of the
sample liquid solution in terms of grams of zinc per ml.
was found:
S hC
cH-h
where h is the height of the sample solution's wave; H, the
height of the sample solution plus standard solution's wave;
and C, the concentration of the standard solution. This
equation may be verified by referring to any theoretical
treatment of the standard addition method of polarographic
analysis.13
From the above equation the concentration of the
sample solution for run number 30 was found to be 2.2i46 x 1o-h
grems of zinc per ml., thus the original solution of 100 ml.
contained 0,02246 grams of zinc which gives a per cent in the

alloy of 20,97.

131,. veites, loc. cit., P. 178.



CHAFTER V

SUMMARY



CHAFTER ¥
SUMMARY

Four alloys, Cu-Cr, Cu-¥1, 3n-Po, ana Zn-4l, wara
sub Jectad to A trestment wherein one end of a rod of sach
Slloy wvas maintained at & high Temperature and Lhe other
and maintained at s low tamperatursa., Tha hot and corra-
gponded to 8 reglon of unsaturation snd the cold end lc m
region below tha astorated aclubility curve in tha Cu-Cr,
Sn-Fo, and In-Al aystems. In the Cu-il aystem both enda cor-
raspondsd to a sclid solution replon. e migration alftap
many days wes found in the cese of the Ju-N! sl.oy. Thera
is evidepce, howeyvsr, in the cese of the other thres allicys
that migration otcurred, for alfter a long peried of time the
soncentration of the solute aomponent reemed Lo have besxn

inereased in the hot end.
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Table 1. Data on Samples Tsed

Diemater Length Toamp , Days Ln  Jomp, aof

Sample of rod of rod hot colo operatlion untreated
(1n.)} {in.) ml ey
Cu-Cr U.190 2.5 SBp% 100%c 289 om U.L %Or
Cu-Ni 0,250 3.0 S0 100 219  om O.L aNL
Sn-Po 0,113 3.15 cel 100 90 L. 79 %Bn
En-A1(4) 0.250 3.7 i 210 122 20,90 Rin
In-A1(H . 250 }.25 iﬁu 18 129 20.50 &Zn
Zn-41(C 0,250 i.7% 4] 154 16& 20,90 a’n

Table 2. CLu=-N! Data fop Film 1238

Transmlesion

Hod Poaltlon NL=-3002.L9 Cu-3010.8 Ratla N1
]

1 27.1 15.1 2

? 26.7 13.6 .49

i 19.0 10.7 .79

L 2l.ly 10.7 .70

5 2.4 1%.5 .09

& 31.4 16,3 .bA

3 28,9 i BT

29 1&.9 b5

G 2G.8 .6 b

Standurd 32,5 17.7 .10

Standard £%.1 18,3 LTE




Tabla 3. Cu-or Dsete for Filrm 1&15
o Tranamisaion )
Fod Fesition Gr-2979.7 Cu-3010.7 Ratio ET
i)
1 1.5 25,9 0. 3h5
3 28.7 318 p
L —-———- e et
L 20,7 25,7 1,20
I Szt S L
7 22.5 k.0 1,10
- EE!'EI Ell:-.:'l? 1 l:”
9 e e it S
10 S S ———
Btandard .5 gh,n .41
Standard 3&.n 21.5 0.0y
Btandard 33.9 7.4 0.5
Standard 10,7 20,5 0,74
Atandesrd 1.7 3.l D.ﬁj
Standard 131.5 24 .0 e |
Tebla I, Zu=-Cr Uste for Film 1236
o Tranami=salan
Fod Poaition Gr-2979,7 e 3010, 8 Hatio EF
Cui
) 39.5 8.0 o,af
e hﬁ.? LT.5 .03
3 5.7 55.0 1,18
i 7.5 ht,z 1.8
14 E’_j‘.b .i:"—.'-!:' 1-?':'
) £4:0 L& .0 1.60
T :{-\:1-:.1 E-;"s-!-.l 1|.-I.-|j
3 22,4 Ld.s 1.h5
a 1.4 i8.z2 1.76
ll:I - - [N ——
Stapdard 3&.0 31.8 0,21
Standard 19,0 3.0 D,31
“tanderd 25,7 £h. g 1.01
Ztandard 3L .G 7H.4 P

e i
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Table 5. Cu-Cr Date for Film 1237
Transmission
Rod Position Cr-2973.7 Cu-3010.8 Ratio COT
Cu
1 23.7 27.3 1,08
2 31.2 30,2 0.98
3 30.2 40 .0 1,22
L 19.6 33.5 1.39
5 15.7 32.0 1.51
6 13.0 29.5 1.57
7 25.3 3L.7 1.23
8 23.1 27.3 1,10
9 22.14 25.2 1.07
10 12.0 19. 1.26




Teble &, Tin-fend Llioy “hangse

— - —_—

Sample No. Welght in ¥Kl. of ipdine Fercentage
ETams solution ef &n

1(Hat end) ©0.30822 7.5 .23

2 . 3eho Ts 3 Bt

ﬁ Q.4 9.1 il.5%

G.y0 B.& 10.57

L 0. L4050, 9.3 Lt,.%]

s gim e

L "'E 1.'-.-"':!

H Q.5¢31 1h.3 LL.CY

9 0.T673 1.7 Lot

10 0. vh0z b 2 I9a. bl
1] ﬂ.zgﬂﬂ 26,9 1-.34d
12 ¢.BETS 26.7 15 .04
13 0.9108 27.4 15.71
L o982 28,6 1h,%3
i 5 2,9112 27.1 L5, Ju
it a.H8273 2.3 13 L4
» ", 9207 2.4 1..93

r .H511 22.5 Ly 9%

N 0.4727 £1.0 14.91
2 Q,8917 23.0 1h-99%
£l Q. iy B 1L.7Tm
BE 0. 21.7 1.3
v ﬂ.-ﬂbh! Pl Liy -y H
Ay 0.910b 21.3 o7
L 0.752% 19, 3 14.51

[ 0, 21.1 14,37

T 3*3:53 zd.q 14,40

A s 18.4 li. 66
% o, k800 23.3 i
4 0.8787 £1.0 11j. MO
| 0.91148 £3.4 Ly, Th

. 4354 21.h Vi, he

n.8Tbb £L.5 th.5e

i O.8950 23.0 tL.a7

0,914 3.k 1h.57

CLBLTT 22,9 1b.20

0,84812 2e.7 k.2

| . 0us7 21.H 14,43
W 0.8730 22.L 1h. 34

i 0.946T 1.0 1,28



Table 6. (Continued)

36

Sample No. Weight in Ml. of iodine Percentage
grams solution of Sn
L1 0.8832 22,2 14.07
h2 0.8545 22.2 13.84
L3 0.8976 22.9 1L.238
LYy 0.8899 22.8 1h4.52
L5(Cold end) 0.8324L 21,6 14.52

Notes.-~Samples No., 1 through 8, L1,
during analysis.

Sample No. 29, end-point was

Samples Wo. L throush 8 came
of rod.

Between samples 1 thrqugh 16
was equlvalent to S.146 x 107° g. of

and 12 boiled over

overrun.

Tfrom the threaded end

standard iodine solution
Sn/mi.

Between samples 17 through 36 standard 1odine solu-

tion was equivalent to 5.6%57 x L0-3

g, of Sn/mli.

Between samples 37 through %5 standard iodine solu-
2 g

tion was equivalent to 5.5960 x 10

of Sn/ml.



AT

mable T, Z2lng=Aluminum Alloy Chene @ HoO A

Sample Ko, Welght in b in H le Fercentage

grams am , = of Zn

1(Hot and} D,l028 T.95 17.25 2icln
zr 0. L0 7.058 15.10 Ao Ui
3 D.10L5 T.80 17.64 2. a2
I 0.0H7T H.55 13,44 2l
b 0,1008 5.20 11 .05 £¢.00
b 0,10 T.75 16,70 21,10
T 0.10 7.05 L. 2G dl.lu
] 0, 10H0 7.35 1L .90 R P
9 0.l046 7.10 14,70 21.51
10 0,1020 T.45 16,10 2] .04
11 n,1037 T.80 L&, 00 21.23
L2 0.1019 &, b5 U5 20.97
1 u.1024 T.20 1%, 70 20 .55
i D,1051 7.50 15, 8y 21.15
15 2,301 fB,05 14,40 20.14
16 0.1020 T.05 15,50 0. 5H4
1T n.c792 5. 40 15.240 e T
L 0.1021 T+ul 16.95 21.4l
19 D.1048 #,.11 16,25 22,44
20 0.l052 ﬁ.ag 14 . G0 el.he
21 n.1036 a. 13,50 253.23
22 0,1059 1,95 1435 21.79
gﬁ 0.1057 5,40 10, by 25.57
0.1037 .95 12,80 21,09

25 0.,1073 a.30 1L.85 14,12
28 0.1049 b.25 13.50 20,74
27 D.1052 .10 13,95 19,23
H ﬂ.lnlﬁ l:'-hU 121- 5“ El tl'll'u
29 f1.1058 8.00 17.25 20.89
30 0.1080 B.4h4 1815 21.72
5 n.1037 T.70 16,60 21,08
3z 0.1037 T.8Q 17.10 19.492
33 0.10 T.85 16,50 20,47
3k 0.0A5) B dh 1%.50 21 .20
35 n.1013 Tols 16,70 20.49
E[- 0.1064 7.70 16,70 .37
37 0.1049 7.80 16,60 20 L
35 D.1050 B,90 1h.,00 20,57
59 0.100% T.50 16,80 20 .96
Lo 0.1027 T.00 19,65 2u. 24
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Table 7. [(Continues)

add. Ll o

Sample Yo, Welght in h in H im HYercentage

FErams am, em ., of Zn
4l n,101d8 b.35 15485 20,07
e 0.102] Tedh 15,85 el il
03 . 1isd .00 1=, 25 LT
ik 1. UBSE .90 15.05 19.50
45 G.1024 71 15250 AR
L 0.10L4 5.95 12,30 LA S T
T 0. Liny 5.90 l=. 6l 13,85
L4 C.1024 L.85 14.90 1. 0H
ug 0, 100 4.70 15,05 20 .62
S0{Gold end) nN,1045 7.20 15,30 2,

Hotes,--Btandard zine solutlon used for aaﬂplaa 1 through
26 hed & zlne consentratlom of 7,2:2 x 1079 a/ml .

Standard zlpe solution used lor semples 27,
through 50 hed a zino conecentration of TF.£31 x LUT 4 a/ml.



p{e
aY

Taeble 8. Zinc-Aluminum &lloy Change Rod B

Sample No. Welght 1n h in H in Percentage

grams cn. ent. of Zn

1(Hot end) 0.1038 6.90 15.40 20.20
2 0.1088 7.00 1L.60 21.05
4 0.1088 7.05 1..80 20.87
L 0.1046 6.95 1).25 22.39
5 0.1056 6.00 13.00 20.63
6 0.1063 6.35 13.80 20.41
7 0.1061 &.20 1l4.15 19.20
8 0.1060 6.75 14,50 20.78
9 0.108 6,95 14.95 20.29
10 0.105 6.75 13.10 23.82
11 0.1058 .85 14.15 21.92
12 0.1067 6.80 14.75 20.39
13 0.1036 6.60 14.70 20.29
1h 0.1070 7.70 16.70 20.33
15 0.1081 7.95 16.95 20.58
16 0.1036 7.50 16.65 20.38
17 0.1062 7.95 16.65 21.
13 0.1048 7.75 17.00 20.46
19 0.1045 7.60 16,85 20.24
20 0.10L6 7.80 17.00 20,67
21 0.1087 7.40 16.40 19.46
22 0.1060 7.65 16.95 19.96
23 0.1058 7.85 16.80 20.92
2l 0.1077 7.90 16.95 20.149
25 0.1045 7.95 17.05 21.13
26 0.1082 7.95 17.75 19.32
27 0.1073 8.20 17.50 20.70
28 00,1061 7.90 17.05 20.64L
29 0.1070 8.00 17.35% 20.34
30 0.1079 8.00 17.00 20.58
31 0.1037 7.60 17.20 19.73
32 0.1058 7.55 16.55 20.15
33 0.1048 7.50 16.65 20.01
3L 0.1090 7.75 16,60 20.16
35 0.1071 7.65 16.60 20,17
36 0.106kL 7.70 16.75 20.23
37 0.1035 7.65 16,65 20,79
38 0.1035 7.90 16.85 21.34
39 0.12042 8.25 17.85 20.81
L0 0,105y 8.10 17.90 20.02



Tabhle 4.

. E——

[GontIragesd)

-

]

- mww

Samrple SNa, Weight in hoin H in Fapoantapge

grams e, am of £n
L1 0,105 .15 18,25 15.L7
Lz 0.0964 T 17.25 21,3
L C.1037 H,2% in, L0 20, 68
uﬂ 0.,1064 7.95 17.2% 20, 30
45 0.1052 q.30 17.95 20, ey
Ibi{tald and)C, 1002 7,60 1,75 20,347

ar——

L ah e T TR —

Notes,--2tandard zine solution uased Tor semples Mo, 1
throush It had & #ine coneentretion of J.e862 n 10°H giril.



Table 9. “ine-dlumlpum Alloy Change Aod O

Sample fin, Waight 1n b in Hin tepcantaps

RTams e, CIia of Zn

1{Hot &snd) 0.1119 §.4n 18,30 2041
2 00,1119 H.9% 14.15 21.10
i 0,1101 8.4y 16.,ub 2075
fa 0,1025 H, &5 16,70 £l.44
5 f.L079 9. 0% 1B.40 21l.20
B 0,101l .59 14.50 21.28
T 0,108L H.05 e 20.79
L ﬂ.lugq #.15 17. 140 21,23
9 0n,1083 3,24 17.60 20, 39
10 0,110 .20 17.1n E3.8T
b 0,.1048 7.95 16,65 £l.563
1z 00,1034 7.30 16.20 20,25
1} 71,1097 7.0 16.10 19.65
1L 0.1074 7.440 15.910 20,37
15 0.1039 7.5 15.70 20,10
14 0,0806 o, B 14,90 0,96
17 0. 108L 7.50 16 .40 19.7
18 0,1032 95 16.60 Z0,59
19 0.16092 T.9C la. &b 20.57
20 0.104L5 7. 30 15.485 Z0.67
21 0.1076 T.00l 16,18 20.73
22 D.104H9 7.85 1650 20.21
23 0.1128 H.50 1E. 65 21 .91
2l 0.1103 7.90 16,90 19.97
25 0.1114 (L 16,40 £l.53
25 0.1087 T3 16,70 20.58
27 0.1115 B.L45 17.45 20,69
28 0,105 B, 00 17 .50 20.05
29 0.104 R.25 17.480 20,74
30 D.1070 H.40 17.740 20.97
il 0.1046 B, 00 17 E0 20.5%
i D.1072 7.90 17.30 19.93
33 0.1085 T. 60 17.90 17.493
jg 0.1092 B.045 B o 20,86
3 0.1124 8,44 17.00 20.91
L 0.1075 B.0u 15, 35 18,72
37 0.1122 B.5% 17.75 20.u4l
34 0.1063 #,1l3 17.40 20,47
39 0.1125 8,35 17.:9% 19, 1.
Laid G.lubl B. i 1T.75 £l.0g



Table 9. [(Contlimasd)

Bample 'io, Welght in hin H in Feraentars

Frams ari. am, of In

4l B,1042 A Lo 18,00 20,69
L2 Q.1072 e 17.95 el ., D%
L3 0.1070 M40 17.40 €l.47
gl G« 1095 8.1¢ i7.30 20.1b
L5 0,1098 a,24 17.65 20,0%
he 0.10 A,05 17.50 20,58
h? 0.09 E.hﬁ 17.10 cl.>1
L 0.,1097 32 17.70 20,42
19 n 106l 750 16,%% 20,62
S0 0.1087 A, 20 17.40 20,448
Elfccld and)0.L047 B.05 17.85 20.37

Notes,--Standard glne solution ovrad for samples No. 1
trrough 15 had 8 zine concentratiorn of 7.262 x 104 g/ml,

Standard pinc =molution used for samples No. 1b
through 51 hed & rinc concentration of 7.220 x 10-% g/ml.
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2.0 ,

Rer/cu

FILM A ——o—— (NO. 1236)
FILM B —-—O—-— (NO. 1235)
FILM C ---O----(NO. 1237)

5 6 7 8 8
POSITION

Copper-aluminuwt allo

i0
5800¢C



%Sn

20 25

SAMPLE NUMBER

35

40

45
100°¢






%n

2

23

19
18
17
| 10 15 20 25 30 35 40 45
3500 SAMPLE NUMBER 180°C
Zine-Aluminum Alloy, R




|
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