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CTIAPTUR I 

INT ItiODUCT I ON 



EF7ECT 07 A TET'PLI\ml7RE ':RAD7ET 7  ON 
CONCENTRATION TN SOLID 4LLOY 

CRIIPTER I 

INTHOOTICTIO 

mhe purpose of tnis researc is to aelernine the 

effect of a temperature difference on on alloy's concentra-

tion where one portion of the alloy is maintained at a 

temperature corres'onbirc to an unsaturated solution and the 

other portion maintained at a temperature wrlich lies below 

the saturated solution curve. The expected result would be 

the Ii ration from the region of sotur,,,,tion to that of unset-

uration of the solute component, and would occur in alloy 

systems where the solubility cf one of the components in-

creases rapidly with temperature. 	(ee T'iv. 1 for exarple.) 

Closely alirnou with 	 cooler is the study of 

thermal diffusion. however, 	thermal diffusion there is a 

non-uniformity of temperature within a mixture and 'because of 

this diffusion occurs. qhus, t 	diffusion occurs in a 

one-phase reolon w--ie2eas f.1-1 	 rbsearcn presented here dif- 

fusion occurs ir a two-phase rep - ion, with the exception of 

one allot;.. Tasically, however, ine problems of thermal 

diffusion, both experimentally Lna theoretically, are tile 

problems in tnis research. 
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There has been no wort( acne in the past on what might 

be called "2-E,hase thermal diffusion." 	iowever, in "pure" 

tberrial diffusion ruck') work es soen done especially 0.1 gases 

and liquids. Chapman,' Jost 2  aria Crew and !bus- 5  give ac-

counts of the history of thermal diffusion. Briefly though, 

in 1856 Ludwig founa that wnen he apulied a temperature 

i-radient o-) a vessel contairirw e soditzi sulphate solution, a 

difference in concentration resulted. 'linen twenty years 

later Soret (1879-81) repeated Ludwig's experiment and re-

ceived better results oy usi-ik- various salt solutions. 

Thermal diffusion is sometimes 	the name LuO,wi,-Loret 

effect or Soret effect. 

In gases t e phenomena of thermal diffusion was pre-

dicted theoretically- by Lnskou (1911, 1912, 1917) and Chapman 

(1912, 1916, 1917) before -oeinc= observed exner3Yrentall:y by 

Chapman and IJootson (1917), an Clusius and Licke1 (1938). 

In solids, Ude experimelitation 	been meager and 

the theoretical treatment almost non-exisLent. _teinhola and 

Schulz (1933) investigated solid ionic crystals. They used 

mixed crystals of halides and sulfides of copper and silver, 

but the observed changes ir concentration thoun were not 

1 S. Chapman, University of 'arylana, The Institute 
for Fluid. Dynamics and Applied 	thematics, Lecture  Series, 

19 (1952). 

Thst, Diffusion in Scil(is,Liquids,ases, New 
York: Academic Pre-:-sgITi6.,TM5L). 

3x. A. '-'rew and T. L. lbOs, Thermal Ldffusion  in 
 oases, tew York: Camb•idge University Press, (15527. 
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entirely due to thermal diffusion as de ':root pointed out 

later. 	fact, denroot Il  in Lis l'onoraph WI the doret 

effect notes that three authors claimed to detect 6 Soret 

effect in sclius; he himself classes t„,e amorphous solids 

with the liquids. The results for the crystalline solids he 

considered unsatisfactor y . 

Liquid alloy solutions have been investiated to some 

extent; recently Winter and r -i..ckaner',  have published in this 

field. Only I- the past few years has any substantial work 

been published on thermal diffusion in solid clic, . iio -vever, 

some work was done by ballay 6  on 	Pb-T1 system. ballay 

found that se. renation took place when proioned uneven. heat- 

was carried out on a bar. Larken and Orjand 7  published 

some results on thermal diffusion ir three solid binary 

alloys, 	Fe-C, and Au-Cu.They found that the intersti- 

tial solutes ni -rate to the , i c her temperature re ,ion of the 

speciman as also does copper in the Cu-n.0 alloy. 

The selection of t e alloys for tris investigation 

was Foverned by the nature of the equilibrium diagram. As ar , 

example, consider the Ln-Al system shown in 	ure 1. The 

4s. R. deCroot, L'Lffect Soret, Thesis, Amsterdan, 
(1945). 

5F. R. 'inter atd 	rickamar, Jour.  Phys.  Cher., 
59, 1229 (1955). 

°L. ballay, Compt. rend. 183, t03-4 (192 ). 

7L. S. Darken and h. . Oriari, Acta Iletallurica, 2, 
341-847  (1954). 
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initial concentration of the al:Icv was approximately twenty 

per cent zinc. The lower tepzirature was ca. 	C and 

the upper temperature ca. 300 0  the lower temperature as 

shown b v the diavram for tWE ty per cent zinc is J_E„ alpha 

plus beta ana the -.1per temperature lies in tne al2ha re,ion. 

The alloy systems WPiCi wr're picked after aue consiu-

eration with reiara to chemical stability, availability, and 

equilibrium diagram were the Cu-: -n-rb, ax u Cu-Or. 

he ease of analysis was not in all cases_ 	chief factor in 

the selection of tie alloy systt,•s a d tre analytical methods 

to be used presented major problems to be o\erccve. 



CHAPTER II 

EXPERINIEITr AL 



CHAPTER II 

-.1XPERIMLNTAL 

Iaterials.--The alloys used ill this study were, as previously 

stated, Cu-Ifi, Cu-Cr, >n-1'b, End '::'n-Al . . The Cu-Ni sample 

used was AlJoy 11 from Driver-'arris Co. anu the Cu-Cr was 

donated by .naconda Copper Jo. nhe per cunt of nickel was 

0.i4 in the Cu-qi alloy and since it was used previously as a 

spectroi .raphic standard it was considered to de free of im-

purities. The Cu-Cr alloy was 	per cent chromium and the 

remainder copper. qhe Zn-Al 	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 0.1 per cent each of 

iron, silicon, and magnesium and trace quantities of o'allium, 

vanadium, copper and lead. lhe tin-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 

alloys were obtained 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 



Figure 2. External View of Apparatus 
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used. The source of heat was a !Hoskins electric furnace. 

Into this furnace was placed-  a quartz tube of one inc inside 

diameter and tnirty inches in length. 

A condenser was made by attaching eight inches of 

1/2-inch diameter brass tubir4---  to one end of a one-inch piece 

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 tee 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 and four inches 

in length, with two smaller 1/4-inch o,lass tubes attached to 

its side, was then placed around the brass tube and fitted 

down on the second rubber stopper. n third stopper was placed 

on the brass tube and pushed down in order tc seal off the 

rviass tube. The small glass tubes provided an inlet and an 

outlet for water. 

For a "heat reservoir" to maintain a constant temper-

ature for the hot end, a 3/4-inch diameter copper rod six 

inches long was used. The rod had two holes drilled on one 

end, a 1/L-inch threaded hole of depth 1/4 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 were to be studied raced 'between 200 and 500 (2' C, 

it was decided that the chromel-alumel thermocouple would be 

the most satisfactory. !, two-foot strand of 2w-gauge alumel 

wire arc a two-foot strand of ?d-;_aupe cnronel wire were 

twisted together at one end avid welded. tor about six inches 

from the welded end the wires were covered with thin ceramic 

covering or "spaghetti" which protected the wire from the 

heat and from touching one another or any other metallic 

material. The rubber stopper on the brass tube nearest the 

copeer rod was cut down its side to form slits into which the 

thermocouple wires were placed. The wires from this point 

led to a normal thermocouple circuit with a cold junction 

at 0°  C. 

At this point the sample was shaped to the diameter 

and len-th desired (Table 1), then threaaed on both ends. 

The sample was screwed into the Meat reservoir" and then 

into the condenser. The thermocouple was placed into the 

1/16-inch diameter hole on the "heat reservoir" and wires 

pushed into slits of the rubber stopper. 

The Zn-A1 sample was prepared in a slightly different 

fanner. Yhe original form of the /n-Al sample was a _3/4-inch 

diameter rod 7-1/2 inches in len, th. On one end of the rod, 

a 1/4-inch diameter hole was centered, drilled, and threaaua. 

;bout 1/2 inch from this end a hole of 1/2 an inch in depth 

and 1/16 inch diameter was drilled into the side of the rod. 

One-half inch from the 1/16-inch hole, the rod was machined 
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down to 1/4 of an inch in diameter. This was done 3-3/4 

inches along the rod away from the threaded hole. About one 

inch from the other end, a hole of 1/2 of an inch in depth 

and 1/16 inch aiamecee• was drilled on the side of the rod. 

instead of a copper eod on the end of the brass tube, the 

brass tube was closed by means of a stainless steel disc 

soldered to the brass tube. In the disc was a hole of 1/4 

of an inch in di ameter which was threaded and fitted with a 

double-headed screw. The 1_,n-A1 rod was then screwed to the 

dcucle-headed screw by means of the threaded hole in one 

end of the roa. The rubber stopper in this case had four 

slits cut into it and a thermocouple placed into each of the 

two 1/16-inch holes on the side of the roe ano wires were 

passed t'lroutfh the slits of the stopper. 

The sample, to ether with the condenser, thermocou-

ples, ana "heat reservoir" were placed into the quartz tube 

and pushed down until the "heat reservoir" was centerea in 

the middle of the furnace. The rubber stopper nearest the 

sempie r.5 fitted tightly into the quartz tube. The other 

end of the quartz tube was fitted with a rubber stopper and 

a cJass stopcock. The connection between all the ruube• 

stoppers, the glass, quartz, and metal were sealed by means 

of Apiezon wax. With a Welch. Duo-Seal ui h Vacuum lump, the 

quartz tune was evacuated and the tube filled with ar Lon 

then evacuated again. After repeating this "flusLine m  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 

lass tubes oL tire 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 operation. 

The equipment used for -nee measurement of the temper-

ature was a Leeds and Northrup Potentiometer and a standard 

cell. ,Jeberts tables were used for the conversion of poten-

tiometer •eadins to temperature. 

Several types of equipment were used for the analyt-

ical deterrinatios. An 44.pplied , Lesearch Laboratory one and 

one-half meter k,:ratinj spectroraph with a dispersion of 

7 R per millimeter was used for the arrlysis of the Cu-Ni 

and Cu-Cr samples. A Leeds and Northrup alectrochemograph 

Model No. 42200-Al with a Leeds and Northrup icromax 

-recorder was used for t' .e analysis of the Zn-Al alloy. The 

apparatus for the tin determination in the Sn-Pb sa1 ,10.e will 

be described in the analytical section of this chapter. 

Procedure.--After the sample had been placed in the tube, 

aron 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 ',.)e subjected to the thermal vradient. Ini-

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

8R. L. Weber, Temperature  Measurement and. Control, 
Philadelphia: Blakeston Co., P. 386, (1941). 
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would cause the furnace and the "heat re ,ervoir" to reach 

the reouired terpereture.After about three hours the tem-

pereture was measured and the variac eujusted if need be. 

The followi-r morning the temperature was recorded and aajn 

eight hours later. This procedore Was followed for about 

three or four days after turning on the furnace or until the 

temperature no lonper gave more than a 10 °  variation. The 

temperature could not be recorded after the lapse of a week 

Oecause of the contal, lnation of t Le thermocouples. 	rie 

apparatus was then ignored for several months. Occasionally, 

however, water was placed in tie brass tube. h'or tle exact 

conditions to which each sample was subjected Table 1 may be 

consulted. 

After several months had passed, the furnace wa:, 

turned off =f id allowed to cool for about two hours. 	",e sam- 

ple was then remove° from the tube and unscrewed fron the 

"heat reservoir" and its attchment to the brass tube. 

In the case of the Cu-Or and the (;u-i ■ i samples, the 

rods were planed down lennthwise in order to give a smooth 

surface suitable for spectroraphic analysis. 

gee : ,n -iL al;c, Zn-Al were smpled by means of a lathe 

which cut off samples alone the rod at the:followin g.  

intervels: Sn-Pc rod, every 0.06 of an inch; zn-21 (A and 

rods, every O.( b inch; and Zn-Al (C) roc ; , every 0.)L, inch. 

These iht ,....rvals were chosen in croon to et the proper 

wei ghts for the analytical procedures. -ach sap,ple was then 



15 

placed into a vial, corked, and weighed as soon as possible. 

Sample number one for each rod was taken from the hot end 

and the hi 'lest sample number in the group was obtained from 

the cola end. 

Analytical Determinations.--The Cu-Cr and Cu-Ni samples were 

analyzed by use of the spectrograph. The samples were planer: 

down as previously stated until about one-half of the sample 

remained thus producing a icnk, flat surface on the rod. The 

area immediately beyond the treaded end which had been at a 

temperature of ca. 100 °  C was numtereo one. 'len such a.eas 

were spaced out or the Cu-Cr sample and nine such areas on 

the Cu-Ni sample. Areas ten -1,,d nire were at the hot ones of 

the Cu-Cr and Cu-Ni samples respectively. Lach area was then 

subjected to a spark from the spectrograph. Thus, by using a 

spark excitation method the chan, es in the concentration of 

the alloy alone the rod were detected. 

The spectral lines of the sample were recorded on 

film and with a densitometer ti- .e transmission was measured 

for the following lines: the Cu-Ni sample, Cu-3010.8 and 

the Ni-3002.49,9,; the Cu-Or sample, Cu-$010.8 and the 

Cr-2979.7°.. ?rem tl-le transmission of these lines the ratio 

of intensities was calculated. (See Tables 2, 3, 4, and 

for examples.) It should be pointed out that this was not 

an absolute method since no standards were available to set 

a working curve. Only relative chanes could be observed by 

this method. 
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Ar icdimetric technique was used for the determina.- 

tion of tin in the Sn-l'b alloy. It was first used by YeDow, 

Furbee, and Clardy` for the analysis of solder bearing 

material. 

The sample was weir -ted to contain between 0.1 and 

0.2 grams of tin into a 300 milliliter Erlenmeyer flask. Ten 

ml. of conee trated sulfuric acid and about five grams of 

potassium sulfate were added and then the mixture heated un-

til the lead sulfate turned white. The flask was then cooled 

and carefully diluted with water to about 100 ml. Ten grams 

of ten -flesh 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 a bent glass tube 

and rubber tubing that extended to the bottom of a beaker of 

water. 9 -he solution was boiled , ently for thirty minutes, 

transferring 	 erd of the rubber tube to a beaker of ten 

oer cent sodium bicarbonate solution several minutes before 

the end of the period. Keeping the end of the tube below the 

surface of the bicarbonate solution, the flask was placed in 

a suitable container of ice water and alloiJtO to stand until 

colt. The rubber stopper was then removed and a small piece 

of dry ice introduced into the flask. Keeping the flask 

below 10 °  C by adding more dry ice if necessary, five ml. of 

9T. H.. kcbow, K. D. Furbee, and F. B. Clardy, Ind. 
Eng. Chem. Anal. Ed.,  16, 555-6 (1944). 
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starch solution were added and the soL - Iti -in titrated immedi-

9tel i with standard iodine solAloi, to a permanent blue 

end-uoint. ' he standard iodine solution was prepared by 

adding 11 grams of iodine to 20 grams of uotaosiun iodide, 

dissolving' both in water, and making solution up to one liter. 

y subjection of a known volume of a standard tin solution to 

the method aoove, the titer of the iodine was calculated in 

: -rams of tin per ml. of iodine. The standard tin solution 

was made by dissolvinr -  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 polarorapn was used for the determination of 

zinc in the Zn-.Ai alloy. This procedure was devised by 

Payne, 16  who stated that in his experience the best results 

for the determination of zinc in the presence of aluminum was 

by means of a polalqo(raphic technique. lis procedure was 

based 	the standard addition teclnique. A, theoretical 

treatment of this technique is riven 	P, eites. 11  

A 0.1 rram sample of the alloy was wei,-_hed 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 evaporated oy boiling 

until solid uegan to crystallize out, then it taken up 

     

1° S. T. 1-'ayne, Light etals lam , 152 (19.52). 

lib 
Meites, Folaro•raphic Techniques, New York: 

Inter; cience Publishers, inc. (1*.6) P. 17tfr. 
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in G little water and evaporated a,ain. Twenty ml. of water 

era two ml. of ten per cent hyarcxlamine hydrochloride were 

added and the solution allowed twit: or the hot plate for 

three minutes. 

rph& solution was cool ,'d to room temperature and one 

ml. of brc•mocresol r-reen irdicator solution added. A quan-

tity of a saturated solution of sodium acetate was then added 

to the solution until the preen end point was reached. This 

occurs at a pH of about 4.4. Three m]. of a twenty-five per 

cent potassium thiocyanate solution followed py ten mi. of 

a freshly prepared suppressing solution (made by dissolving 

0.1 gram of sucrose and 30 F rans 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 -as removed from tLe alloy 

solution. This aliquot was placed into a clean, dry fifty 

ml. volumetric flask and made up tc volume by using a stand-

and zinc solution to be described later. 

About ten ml. of the unknown solution was then 

placed into a polaroFraphic cell and de-aerated with hydro- 

en for ter minutes. The reference electrode was a mercury 

pool 	' , olarographic cell. 	, fter the de-aeration, a 

polaropram was recorded b etween -0.bV anc -1.4V (the half 

wave Totential for zinc is ca. -1. 0V). About ten milliliters 

of the unknown solution with the standard added was placed 

into ti- e cell and giver the same treatment as tile first 
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solution. Thus, two waves were produced, the first being 

one-half the heirht of the second, provia,:d the standard 

zinc solution was mare up to contain approximately the same 

weirht of zinc per ml. of solution as did the unknown solu- 

tion. Ln making the standard zinc solution, Jure zinc 

sulfate was weic-hed out and dissoiven in one  liter of water. 

The height of the wave of the unknown solution and the hei , ht 

or t e wave of the unknown plus the standard solution were 

measured in centimeters. From the height of the waves, the 

weight of the sample, and the concentration of the standard 

solution, the per cent zinc was calculated. 
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CITAP7R III 

DIS(;USSION OP RESULTS 

As was pointed out in Chapter 1, one alloy was sub-

jected to conditions which should have riven rise to pure 

thermal diffusion. This all y was the Cu-Ni rod. The upper 

 

and lower temperatures imposed on this rod were bounded in 

the equilibrium diagram in a solid solution re, , ion. From 

Table 2 it is seen that the ratio of intensities for the rod 

varies only slightlyfrom the ratio of intensities for the 

standard. Thus, the nickel does not seem to md , rate. This 

might be expected since the aiffusion coefficient of nickel 

in copper is much lower than that of any other carillon _metal 

in copper. This last fact was pointed out -y Kubachewski 

and Hopkins, 12  when they stated that the diffusion coeffi-

cient of nickel in copper is 0.000089 centimeters per second 

between 550 and 1053° C. 

The Cu-Cr, Zn-Al, and -2)n-Pb alloys have their lower 

temperatures in a region below the ,aturated solubility curve 

and their upper temperatures in an unsaturated solution re-

pion. From the Figures 3-7, each is seen to have an increase 

in concentration of the solute component at the hot end. 

120. Kubachewski and B. 	T4opkins, Oxidation  of 
Tetals  and Alloys, New York: Academic l . ress, Inc., (1953) 
P. 22. 
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The chromium content in the Cu-Cr alloy seems to 

have increased by an appreciable amount as indicated, by 

Tables 3-5 and Figure 3. The standard or untreated sample 

is seen to have a much lower ratio of intensity than do the 

uositions along the rod. This could be due to oxidation 

and/or volatilization of the chromium, but there is no proof 

of this. Asain it should be pointed out that 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 6 shows the dsta from which Figure 4 is drawn 

and from these it is noted that the concentration of the tin 

increases at the hot end. In this case there is a one per 

cent increase in tin from the orieinal concentration to the 

concentration of the heated rod. This change would appear 

aaite sisnificant. samples 1-9 of this rod came from the 

threadea es of the rod and probably would be expected to 

lose sorT_ tin due to the "heat reservoir" and the sample. 

The three Figures 5, b, and 7 give the chan es in the 

sn-Al rods A, b , and C. They are drawn tren the data riven 

in Tables 7-9. The great variation of results is due iareld 

to the analytical method. Little credance is held with the 

results on rod A, since the experimenter had great difficulty 

netting the polaroraph to operate effectively. However, 

even in that case, as with the other rods, there is evidence 

of a definite increase in zinc, the solute, at the hot end 

of the alloy. 
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No theoretical interpretation of these results shall 

be attempted here, tbou , h this would lead to a fascinating 

aspect of the prociem. Certainly, as was pointed out in the 

introduction, thu results outained here were to be expected 

since there is present in the treated alloy a part which is 

in an unsaturated state and a part which is in a saturated 

state. The solute would be expected to migrate frorL the 

region of saturation to that of unsaturation. 

ti project which might be un.certaken as a further 

development of this study would be to take an alloy and al-

low it to be treated for several different periods of time. 

rom this some information as Lc the kinetics of this pro-

cess might be gained. A 'rood alloy for this mi ht b - 

Lin-i- b system. It is easily obtainable, the analysis is very 

accurate, and the operating temperatures are very low as 

compared with the other systems. 



CHAPTER IV 

SAMPLE CALCULATIONS AND DATA 

In order to give an example as to how the calcula-

tions were made in tl , e determination of the tin in the Sn-Pb 

sample and the zinc in the _'n-Al samples, a run from each 

group was picKed as being typical of the entire 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 0.6917 1 - a-ms. One ml. of the standard 

iodine solution was equivalent to 5.6557 + 0.0165 x 10-3 

gams of tin. After beimx treated according to the proce-

dure, the sample recuired 23.0 ml. of iodine for titration, 

therefore 0.1301 ;rams of tin were present. This gave a per 

cent of tin in sample 20 of 114.59. 

the /-1-Al alloy run, number 30 of rod C was 

chosen, the weight being 0.7071 gams (Table 9). The sample 

was rel , cved 1.50 inches from the hot end. The sample was 

dissolved and treated according to procedure. Curves were 

plotted by the automatic recorder, and wave heiphts measured. 

The wave height of the sample solution alone wes 6.40 centi-

meters and the wave height of the sample solution plus the 

standard was 17.70 centimeters. The standard zinc solution 

was made up to contain 7.220 x 10 -4 grams of zinc per ml. 



2e, 

From the following. equation the zinc concentration of the 

sample liquid solution in terms of :: ..cams of zinc per ml. 

was found: 

hC  

where h is the height of the sample solution's wave; h, tne 

height of the sample solution plus standard solution's wave; 

and C, the concentration of the standErc solution. This 

equation may be verified by referring to any theoretical 

treatment of the standard addition met hod of polaro,rapnic 

analysis. 13  

From the above equation the concentration of tl_e 

sample solution for run number 30 was found to e 2.L4() x 10- ►  

[rams of zinc per ml., thus the on final solution of 100 ml. 

contained 0.02246 grams of zinc which ives a per cent in the 

alloy of 20.97. 

13L. ILeites, loc. cit., r. 17b. 



CHAPTER V 

SUWARY 



CHAPTER. V 

SUMMARY 

Four alloys, Cu-Cr, Cu-Ni, Sn-Po, and In-Al, were 

subjected to a treatment wherein one end of a rod of each 

alloy was maintained at a high temperature and the other 

end maintained at a low temperature. The hot end corre-

sponded to a region of unsatu•ation and the cold end to a 

region below the saturated solubility curve in the Cu-Cr, 

Sn-?b, and Zn-Al systems. In the Cu-ii system both ends cor-

responded to a solid solution reion. No migration after 

many days was found in the case of the '2d - ] alloy. There 

is evidence, howeve•, in the case of the other three alloys 

that migration occurred, for after a ion period of time the 

concentration of the solute component seemed to have been 

increased in the hot end. 
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Table 1. 	iata oil Samples 	Used. 

Diameter Length Temp. Days in Comp. of 
Sample of rod 

(in.) 
of rod 
(in.) 

hot cold operation untreated 
alloy 

Cu-Cr 0.190 2.5 580 ° C 100°C 289 ca 0.1 	Cr 
Cu-Ni 0.250 3.0 .  54-0  100 239 ca 0./1 
Sn-Pb 0.313 3.15 220 100 90 14.79 ';Sn 
Zn-Al(A) 0.25n 3.75 370  210 122 20.90 	jO 

Zn-Al(B) 0.250 3.25 3O 180 129 20.90 '/Zn 
Zn-Al(C) 0.250 3.25 340 150 166 20.90 

Table 2. Cu-Ni Data .tor urn 1233 

Rod Position 
Transmission 

Cu-3010.8 patio Ni 
Cu 

1 27.3 15.1 .72 
2 20.7 13.6 .69 
3 19.0 10.2 .79 
4 21.L 10.7 .70 

29.L 15.5 .69 
6 _31.6 16.3 .68 
7 28.9 14 .67 

29 13.9 .66 
9 29.8 114.6 .66 

tandard 32.5 17.7 .70 
Standard 29.1 18.3 .76 
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Table 3. 	-Cr Data for Film 1235 

Rod Position 
mransqiission 

Cr-2979.7 	Cu-3010.8 Cr 
Cu 

1 31.5 28.9 0.945 
2 ---- ---- 
3 28.7 31.8 1.07 
LI ---- ____ -_-- 

' 20.'7  28.7 1.20 
6 ---- ---- ---- 
7 2.5 26.o 1.10 
) 22.6 26.7 1.10 
9 ____ ---- 

10 ---- 
Standard 34.5 2.7.0 0.81 
Standard 36.0 2 7 .5 0.84 
Standard 33.9 27.0 0.86 
Standard 30.7 20.5 0.78 
Standard 31.7 23.4 0.83 
tandard 3.3., 24.0 0.81 

Table 4. Cu-Cr beta for Film 1236 

od ?ositlor 
Transmission 

(;r-2979.7 	Cu-3010.8 Ratio Cr 
CU 

1 39.5 38.0 0.97 
2 11.7 47.'.) 1.03 
3 0.7 ..).0 1.18 
4 , 7. 46.2= 1.15 
5 23.5 _-)0.0 1.70 
6 23.0 46.0 1.60 
7 36.5 56.7 1.b3 
8 25.9 4 73 . 1.5, 
9 l5.4 38.2 1.70 

JO ____ ---- ___- 
Standard 36.0 31.9 0.91 
Standard 39.0 34.0 0.91 
Standard 25.7 26.2 1.01 
Standard 34.0 28.() 0.90 



Table 5. 	-ata tor iilin 123 7 

Rod Positior. 
Transrission 

Cr-2979.7 	cu-3010.8 Ratio Cr 
Cu 

1 23.7 27.3 1.08 
2 31.2 30.2 0.98 
3 30.2 40.0 1.22 
4 19.5 33.5 1.39 
) 1,..,.7 32.0 1.1 

13.0 29.5 1.57 
'7 25.3 34.7 1.23 
8 23.1 27.3 1.10 
0 22.4 25.2 1.07 

10 12.0 19.0 1.26 



1(Hot end) 
2 
3 

5 
6 
7 
8 
9 

10 
11 
12 
13 

L. 
15 
16 
17 

9 
20 
21 
22 

0.3;_' 22 
',.364(3 
0.4044 
0.4034 
0.4054 
0.1904 
0 .4464 
0.5,33 
0.7673 
0.8,502 
0.9000 
0.8875 
0.9106 

0 . 9482 
 0.9112 

0.8273 
0.9207 
0.8511 
0.8727 
0.9917 
0.9505 
0 . 8) 10 
0.8552 
0.9100 
0.7525 
0 . 8544  
0 .9385 
0.7253 
0.6800 
0.8787 
0.9118 
0.835 -J 
0.8766 
0.8990 
0.916] 
0.8477 
0.8812 
0 . 807 
0.8730 
0.9367 

7.( 
7 .: ; 
9.1 
8 . (.) 
9.3 
4.h 
12.2 
14.3 
21.7 
25.E 
26.9 
26.7 
27.8 
28.6 
27.1 
24.3 
24.3 
22.5 
23.0 
23.0 
24.8 
21.7 
21.9 
23.3 
19.3 
21.7 
23.9 
18.8 
23.3 
23.0 
23.6 
21.6 
22. 
23.0 
23.6 
22.9 
22.7 
21.8 
22.4 
23.9 

3u 
31 
32 
33 
34 
35 
36 

7 

.39 

   

  

Table b. Tin-i,ead 2.11o)/ 1:hane 

 

    

     

     

Yercenta.co 
of „;1-, 

10.23 
11.00 
11.78 
10.97 
11.81 

1L.06 
14.09 
14.55 

15.36 
15.48 
15.71 
15.52 
15.30 
15.12 
14.93 
14.95 
14.91 
14.'29 
14.76 
14.23 
14-0 
14.47 
14..}1 
14.37 
14.40 
14.66 

14.80 
14.76 
14.62 
14.52 
14.47 
1/4-.5 7 

 15.2.8 
14.42 
14.43 
11.36 
14.28 

Sample No. 	Weiriht in 	41. of iodine 
grans 	 solution 



Table 6. (Continued) 

Sample No. Weight in 
Frams 

Mi. of iodine 
solution 

Percent 
of 5n 

41 	 0.8832 
42 	 0.8545 
43 	 0.8976 
44 	 0.'3-99 
L5 (cold end) 	0.8324 

22.2 14.07 
22.2 13.84 
22.9 114.28 
22.8 14.2 
21.6 14.52 

Notes.--Samples [o. 1 through 8, 41, and 42 boiled over 
during analysis. 

Sample 4 . 29, end-point was overrun. 

Samples Jo. I throuh b came from the threaded end 
of rod. 

Between sami)lc:s 1 thrquh 16 standard iodine solution 
was equivalent to 5.146 x 10 -33  E.„ of Sn/ml. 

Between samples 17 through 36 standard iodine solu-
tion was equivalent to 5.6557 x io-J g. of Sn/mi. 

3etween samples J7 tnrough 45 standard iodine solu-
tion 	equivalent to 5.5960  x 10 -  g. of Sn/ml. 



Table 7. Zinc-Aluminum Alloy Cham,e rtod A 

Sample 	To. Weig=ht in 
grams 

h in 
dn. 

H in 
crri. 

Percentage 
of 2n 

1(Hot end) 0.1028 7.95 17.25 21.16 
2 0.1026 7. 05 15.10 20.00 

3 0.1015 7.60 17. 05 20.82 

4 0.0677 5.55 13.40 21.70 
5 0.1006 5.20 11.05 22.00 
6 0.10)4 7.75 16.70 21.30 

7 0.1080 7.05 11.30 21.18 
0.1050 7.35 14.90 21.32 

9 0.1046 7.10 14.70 21.91 
10 0.1020 7.1;5 16.10 21 -, 5 
1_,  0.1037 7.60 16.00 21.23 
12 0.1019 6.65 14.35 20.97 
13 0.1028 7.20 15.70 20.55 
14 0.1051 7.50 15.85 21.15 
15 0.1011 6.85 15.30 20.13 
16 0.1020 7.05 15.80 20.69 
17 0.0792 5.80 15.0 20.27 
18 0.1021 7.40 16.95 21.04 
19 0.1048 i.10 16.25 22.00 
20 0.1052 6.50 14.00 21.62 
21 0.1036 6.80 13.60 23.23 
22 0.1059 6.95 14.35 21.79 
23 0.1057 5.00 10.65 25._)7 

24 0.1037 5.95 12.80 21.09 
25 0.1073 6.30 14.85 18.12 
26 0.1049 6.25 13.50 20.74 
27 0.1052 6.10 13.95 19.23 
25 0.1018 6.40 12.80 21.90 
29 0.1055 8.00 17.25 20.69 
30 0.1080 8.L .5 18.15 21.72 
31 0.1037 7.70 16.60 21.06 
32 0.1037 7.60 17.10 19.92 
33 0.100 7.85 16.90 20. 8 7 
3i 0.0851 6.35 15.90 21.20 
35 0.1013 7.45 16.70 20.49 
36 0.1064 7.70 16.70 20.37 
37 0.1049 7.60 16.60 20.46 
35 0.1050 6.90 15.00 20.57 
39 0.1009 7.50 16.60 20.96 
40 0.1027 7.00 15.65 20.20 

37 



Table 7. (Continued) 

Sample No. 	Weiht in 
(rams 

41  0.1018 

42 0.1023 

43 0.1068 

44 0.0806 

45 0.1054 

46  0.1019 

47 0.1045 
48 0.1024 
49 0.±004 
50(Cold end) 0.1065 

H in 
ern. 

Percentage 
of Zn 

15.5 20.07 
l.2) 21.4 
17).2 20.18 
15.05 19.90 
1. 5 0 20.38 
]5.30 2u.d.5 
15.60 19.65 
111.90 21.08 
15 .05 20.62 
15.30 20.85 

h in 
cm. 

b.8 
7.10 
7.00 
5.90 
7.10 
6.95 
6.90 
68. 
6.70 
7.20 

38 

Notes.--Standard zinc solution used for samples 1 through 
26 had a zinc concentration of 7.222 x 10 -4  E,./ml. 

Standard zinc solution used for samples 27, , 
 through 50 had a zinc concentration of 7.231 	10 -4  Pjnil. 



Table 8. Zinc-Aluminum Alloy Change Rod b 

Sample No. Weight in 
grams 

h in 
cm. 

H in 
cm. 

Percenta e 
of Zn  

l(Hot end) 0.1038 6.90 15.40 20.20 
2 0.1068 7.00 1L1.60 21.05 
_3 0.1088 7.05 14.80 20.87 
4 0.1046 6.95 14.25 22.39 
5 0.1056 6.00 1 -5.00 20.63 
6 0.106,3 6.35 13.00 20.41 
7 0.1061 6.20 14.15 19.20 

0.1060 6.75 14.50 20.78 

9 0.1084 6.95 111.95 20.29 
in 0.1058 6.75 13.10 23.82 
11 0.1058 6.85 14.15 21.92 
12 0.1067 6.80 14.72 20.39 
13 0.1036 6.00 14.70 20.29 
i4 0.1070 7.70 10.70 20.33 
15 0.1061 7.95 16.9 20.58 
lb 0.1036 7.5 0  16.65 20.38 
17 0.1062 7.95 16.65 21.L14 
16 0.1046 7.75 17.00 20.46 
19 0.1045 7.60 16.85 20.24 
20 0.1046 7.80 17.00 20.67 
21 0.1087 7.40 16.4° 19.46 
22 0.1060 7.65 16.95 19.96 
23 0.1058 7.85 16.60 20.92 
24 0.1077 7.90 16.95 20.49 
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 0.1061 7.90 17.05 2J.64 
29 0.1070 6.00 17.35 20.54 
.30 0.1079 8.00 17.00 20.58 
ji 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 0.1064 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 0.1042 6.25 17.85 20.81 
40 0.1054 8.10 17.90 20.02 



Table 8. 	(Contirued.) 

Sample YO. 

 

Weirtt in 	1-1 in 
grams 	cr.. 

Hi in 
cm. 

PercentaJe 
of Zn 

  

41 0.1065 8.15 18.25 19.47 
42 0.0968 7.70 17.25 21.35 
43 0.1037 8.25 20.68 
44 0.1064 7.95 17.25 20.30 
45 0.1052 8.30 17.95 20.62 
46(Cold end)0.1042 7.60 16.75 20.31 

Notes.--Standard zinc solution used for samples 	1 
throurrh 46 had a zinc concentration of 7.62 x 10

-4
/m1. 



Table 9. Zinc-Aluminum Alloy Chank.e Rod C 

Sample No. Weight in 
grams 

h in 
cm. 

H in 
cm. 

Percentac 
of Zn 

1(Hot end) 0.1119 8.80 18.30 20.41 
2 0.1119 8.95 16.15 21.10 
3 0.1101 8.85 16.(J0 20.75 
4 0.1025 8.65 18.70 21.33 
5 0.1079 9.05 18.80 21.20 
6 0.1011 8.50 18.50 21.28 
7 0.1084 8.45 17.75 20.79 
8 0.1049 8.35 17.70 21.23 
9 0.1083 8.25 17.60 20.39 

10 0.1108 9.20 17.15 2,i.87 
11 0.1046 7.95 16.65 21.63 
12 0.1036 7.30 16.20 20.25 
13 0.1097 7.40 16.10 19.62 
14 0.107i! 7.40 15.90 20.37 
15 0.1039 7.05 15.70 20.10 
16 0.0806 5.65 14.90 20.96 
17 0.1084 7.50 16.40 19.74 
18 0.1032 7.55 16.60 20.59 
19 0.1092 7.90 16.65 20.57 
20 0.1045 7.30 15.85 20.67 
21 0.1076 7.60 16.10 20. 73 
22 0.1069 7.85 16.80 20. 21 
23 0.1128 8.50 16.65 21.94 
24 0.1103 7.90 16.90 1').97 
25 0.1118 5.20 16.40 21.53 
26 0.1087 7.90 16.70 20.58 
27 0.1115 8.45 17.45 20.69 
28 0.1059 8.00 17.60 20.05 
20  0.1048 8.25 17.60 20.78 
3 0  0.1070 8 .40  17.70 20.97 
31 0.1046 8.00 17.50 20.55 
32 0.1072 7.90 17.30 19.93 
33 0.1085 7.60 17.90 17.93 

34 0.1092 8 .45 17.75 20.66 
3 0.1124 8.35 17.01- ) 20.91 
36 0.1075 8.00 1(3.35 18.72 
37 0.1122 8.55 17.75 20.L1 
38 0.1063 8.15 17.00 20.47 
39 0.1125 8.35 17.95 19.45 
40 0.1061 8.40 17.75 21.09 



Percentae 
of Zn 

P in 
cm. 

through 51 had a 
Standard !,..tric 

zinc 

Table 9. (Continued) 

h iri Sample 	Weight in 
ram3 

41 
42 
43 
44 

4b 
4 .7 
45 
49 

.51(co10 

0.1052 
0.1072 
0.1070 
0.1095 
0.1096 
0.1048 
0.0927 
0.1097 
0.1064 
0.1087 

end)0.1047 

8.4u 
8.7') 
8 .40 

 8.10 
8.25 
8.05 
7.40 
8.33 
7.90 
8.20 
8.05 

18.00 
1 7 .95 
17.40 
1_7.30 
17.65 
17.50 
17.10 
17.70 
16.95 
17.40 
17.65 

20.d9 
21.05 
21.47 
20.16 
20.09 
20.58 
21.51 
20.32 
20.62 
20.48 
20.37 

NoLps.--andard zinc 
l', had a zinc 

solution used for samples No. 1 
concentration of 7.262 x 10 -4 g& 

solution used for samples No. 16 
concentration of 7.220 x 10 -4 g/ml. 
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