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I. INTRODUCTION· 

The study of the thermodynamics of alloys should ultimately 

lead to a _general theory of the behavior of metallic atoms in the 

environment of alloy phases. From such a theory it might be pos:;;Aple · 

/ 

to deduce the ~tructures and properties of alloy systems from the 

properties o{ their component elements. 

Very little thermodynam.ic data are available for high melt-

ing transition metal alloys. although they are· technologically the -·' 
' .. - . ' . -~~. : ... 

most important class of alloys. The lack of investigation is due 
. \ 

to difficult experimentai ~roblems associated with thermodynamic:, ·• 
",' . .. ( 

'r '·.;' 
;.: 

measurements at high temperatures. Solution calorimetry using 

liquid metal solv~nts is not very accurate at the high temperatures 

necessary to dissolve transition metals. Equilibrium'measurements 

to determine activities involve several problems which will be dis-

cussed in detail. 

The object of thi~ investigation was to determine the Gibbs 
. ' ·'' ,. 

energies~ heats~ and entropies of formation of face-centered-cubic . 

gamma-phase iron-manganese alloys at high temperatures. · This . . . ., ' ' ~,:. .-:' . { . . . ' . . 
-1,~ • : 

·i:' 

might be done by electromotive force measurements of suitable c~lls ·· ·. ;, ·· 

or by measurements ofequilibrium vapor pressures of manganese 

over the alloys arid over pure manganese. The advantages c:tnd dis-

advantages of these methods are discussed in the following pages. 

For the present work the methods chosen were ·Knudsen and torsion 

effusion measurements of vapor pressures. 

. ....... 

.··,r 
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thoroughly investigate'ct. During vapo~ization the· su~face concen-

tration of the more volatile component becomes depleted; it may 

. be replaced by diffusion from the interior of the sample. 6nly 

. . 

. ·.if diffusion is rapid compared with vaporization are equilihrium-

-.values obtained. In this workthe effects of depletion have been. 

•. ,:.· .. :. 2 ,:, 

. ~,···· 

f 

. ~:. r·'t·- .6· 

.. 

' ., . 

~ . ....,,-~:. ?~> -~;_:~~~ ,· . t' 

more·closely examined than before, with the result that large cor .. ; . ... >:.:-::. ·: ·. · 
. . ' . .. .. -<;:.:·: .. _t:;;~(:'\<:··~ .. \ : 

rections were found necessary to the data found .in the literature· .. ,:· ,i,: ::/ :::<" .;:, ·. _; 
. . - . . . · .. -~. :~·.·r ·:;';"; .... ;: .. ~~ .,_r\-· -~-~ .. ·:~. . . 

for the' !ron-manganese a)loys ~ow in.man~es~ content, , :. : :(:~~~~(~~; ', ·,• 

. :·:In the emf techniquethe relative partial mola:r.Gibbs ei1E7rgy-,;~~1~1-~~~-s·-~> ;,,· 
· · · · · · -·. -: : ·, · . .· · ·._. · - · .. · · . ~ · • .· \;: ;.;.~:~'1:y;;,e:j::,:~;: :,~ ::, .-

of component B, ~GB" is determined from the measured potential ·;_;'J:/ <~- ... · · :. 
- . . \ .·.; ;-;. -~-;-~·~(~f ~:-.> '•' ,:. 

as ~GB = -n Cf EB" where EB is the voltage between an el~ctrod~·-f': :;~ ·. ;, 
.... ~ 

composed of pure B and one composed of the alloy A1~x Bx and 'f .. 
is the Faraday constant. The electrolyte. which may be solid or 

liquid, contains B ions with charge B .+n. In order to operate the 

cell successfully the following conditions must be obtained: 

(a) The .conduction must be completely ionic •.. 
:· .. ·, 

' ' ' ' ' . ~ . . ~ 
' • ~ ' • • •· • ) • • •• . ' : •·• f ·. • • ~ ' • ' <,. 

(b) The rate of diffusion from the interior must be sufficient to· ,., .... >:.;::.} .... > < ~:' . ..:. (., 

, . maintain the equilibrium concentraUon at the surface of the ano;r:~·~:;tfJj,~;~ti. 
·' . (c) Side reactions must not. occ.ur between electrode and electrolyte'.;~-·.:{:~.~ -:::\;:~~~ ,_ · 

: \ . ..·, ... ~ ~ . . • . ' .. II •. I ; : . • • ' . ~ • • ' • ~-·~J~· .. ,;:.~~!;;~~~-.~~-~ ~~-~~~~~-><:{.:~~-·-

·;· .. :: -: Normally the two elements must differ considerably··~ electroposi_- ~· ~- ·: .~.·~-,:_;~~~~:> 

. . !. :·· 

~ .... 

:,· ·-.(d) The Coilducting ions must hav~ a unique v~lence. ·: l-' 

' . 

; . 
' . 
'· t ,, .. 

. . ~ _. . . ~· ' 

• > ·~ J • -i .... 
l 
i. 

'•' l ' ' ... .,.· .. 

,_. . .: ... .. ~· 
_ •• "' . '·~· ; .( 'J., --~ 'i ~ 
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Although theoretically equilibrium.emf measurements have ··... . ' 

several advantages over dynamic measurements, ~t is very difficult 

to obtain a suitable electrolyte which satisfies the above conditions. '-! 

However, in recent years several successful attempts have been .:.-

·/ 
made using solid electrolytes at high temperatures. This technique 

could develop into a useful method for measuring the thermodynamic 

properties of high melting alloys. 

Vapor pressure measurements may be direct or indirect. In 

a closed system at a particular temperature containing a solid or a 
~I • 

liquid phase of a single chemical component, . a gas phase will be formed 
. . . 3 

at the equilibrium vapor pressure. Vapor pressures greater ~han 10~ . 
·~ ' < • , ' ' ~ 

,;_ _:. r:-

·;.' 

atmosphere can be measured directly. The most commonly used 

methods for direct measurements of vapor pressures use the Bourdon· ·.· ·· 

tube or Sickle gauge, the rise of a liquid manometer, the formation of 
. ;., 

bubbles, and so forth •. One can also determine the boiling point, dew ;: . 

point, or vapor density11 which can be related to the vaporpres.sure. · ,_. · 

Except for a few low-boiling metals, the direct method cannot be · ·· ~- .. 
•.. .~.. 

used very successfully for metallic systems, primarily due to the · . 
_··.). 

'. 

required high temperatures of measurement and reaction of the .•"•"' . 

.:•: ·:·· 

· metallic vapors with the container. 
·.1 .;_·. 

The most important indirect methods of determining vapor 
! ·, 

\• •' 

. :.1 

pressures are: 
I· 

(a) The mass spectrographic method 

. . -5 
(b) The mass transport method from about 10 to greater than 

. ~ .... '· .. 
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:· ~ : ' ~ · .. ... . ' ~: . 
. .... . ~.:. 

',:· ~ 
·'' 

·, .. 
.. \·• . .. ' > :·, ... •· ~ ' ' . . . ' • 

-3 • ': ' . ' • ~ ' l • • ':·· .. · "r t ' ~·-, ·• '\... • • .. ·;. _';.' ~:.", o<. '• 

10. atmosphere ·. ·· ."" · ·· · · · 
"·1 .... ,. ·.,:.' .:· :;__ .,..··.-

.. -: . . . . .. · 10.' 3 . . ' '· ' , . 
. (c) Langmuir's ~ethod from ·about 10- . to 10- atmosphere 

t". 

.: ~ .···!· .• 

·- . !. 

.. , 
~··.', ··. 

(d) The methods of Knudsen and torsion effusion from abou't io .. 7. • :.' ~-: . .'· 
~ -: ' ( . : . ' "•.' 

-3 . ' 
to 10 atmosphere 

In the mass spectrographic method the molecules of the 

vapor phase are ionized to +1 ions by electron bombardment,· and .. •'· 

.. 
. .. , 4 -~.· 

·, ... ·,,: ... 
r ~:._.; . 

• ~~~~~:.~ . ! 

' ' ~~ 
'· ,:. " .. 

~- '. 

. . . . . . .. :,;.><.'· ... ,.;t :~ 
the vapor pressures are obtained from measurements of the numbe:r_ .... , .·. 

0 
t ._ ' ' • • I • ~ 

• :· '"1 

of these ions.'. It is difficult to obtain accurate vapor· pressures by .. :~ ·' · 
.:. 

;',A 

this method due to theuncertainty.of the degree of ionization. The·. 
i,:. 

\ 

· .. mass spectrographis mo!st helpful in-determining the molecular .r .-,;~::,·i~;{.;:f' 
:; :. ~. ,..>t_' .:;: ·"' 

.: ·,_.··;:,':weights of the gaseous molecule~:~.,"··:,-:: .. . . . · . _·· · _ , ::- · ~~i_>.::· 

. ) .·" . In the transport method a flow of inert gas is passed over the?:· 

• ~. l 

vaporizing com~oneht at a constant temperature and constant to~a~ 

pressure; the vapor is commonly condense9, collected,· and weighed~ ,., 

_From this can be calculated the mol· fraction and ~~rtialpressure orJ·~;t~'::Y~,··'.·.·.~~.:~ 

.·.::::::: ::~:e s:::: g::~e::::::::::~ :~::g:::er::t::eis. :',;:~~~f,ilif,.:ic,;;; 
complicated by diffusion of the. vapor through the gas.· This method ;~:i;}5::;_.:;~: ::q.(;'~ •. 
• • . ' I • • •. . . ·- ... --. ·~· • . ' - .·::_:y~,··~··;~If:~,~~~~:.~~-J . 

.. . .. 1s·reliable only when care 1s taken to test whetlier the rate·of flow-.. ·>~~~:,~?:;..i .... A..:::;,,..h\~._._ 
,,~ ~ , ... 1 . . . . . .· . . . . . . . . . . . . ·.·• . •' .· : ·:·<·~~~;·~,j;_~;·:t;l~i,;:}':t:i;;_· 

. ·. ::~· .. : ·is slow enough to alloW eqUilibriuni and fast enough to av<?id i:niportaht ;:>· ?·'::c;;'(.·;.~if~f< 
.. , / ··~ :··:.\ . ' . {."·· ,-,:,~ :.>::.~:~~,;;:_~~-~:~~::;·:·~J~~:·:.:--~~~'-' 

· · .. : J :;; / contributions of thermal diffusion. Care must also be taken .. to ·avoid y,:i;·,;-:'"JH' .. ~~?:-;;::.-

.. . . : •. > :, ' reactions with impurities in the gas, . with the containe~~. etc. . ;~Y{~;~~;'t;~t~~ 
· ··· ··;. · · · LangmUir

1 
first determined the vapor. pressures of tungsten;.·.:: .. >~;;{;~/·~"~ c,y 

(, . . . ' "'··' . . . _'; ·:· ~· .#J;;~·~ -~: i::·. ~:~ ·' :·. ·: 

. : .. · , molybdenum. and tantalum from measurements of. .the··r:ate of weight,::. ·:~::.:•, , t~ · 
~ . -,1 . . ' ! .• ·.~ _· •• !.:·;_·~._ ... ~_.;,~~. :-'~ :~·-

• • -' .. ~ ! - ,: • 

~ ~· . . .. .• .. i'..: '· . -i .... 
:.,., ..• , ·;t'••."" ~ '·'.' ·.~:._,.·~ '1 ~-

/. 'i' 

·,- .. : 

.·., 
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loss per unit area into a vacuum. From these data the equilibrium 

vapor pressures were calculated in· the following way: 

Suppose a sample at temperature Tis surrounded by its 

·vapor at the equilibrium pressure, P. Under these conditions the··-

number of vapor molecules which strike the condensed phase and 

stick to it equals the number which evaporate from the surface in 

the same time. From kinetic theory it can be shown that the rate 

of striking the surface 

. . 2 . 
v = Pc"7f4kT moleculest'cm sec. (1) 

· · where c = average velocity. But only a fraction, a;, .of these mole-

- . . . • ! 

cules stick. a is called the accommodation or sticking coefficient. . . . 
. · .. ' 

Hence at equilibrium 

va = number sticking = number escaping = aPcy4kT (2) 

The mass of a molecule is M/N where M is the molecular weight 

and N is Avogadro's number •. · From kinetic theory it may b,e shown 

that 

c- = VsNkT ,;-M · (3) 

Hence: 

va M/N =mass sticking.=. ~ass escaping= m = aMPVSN:kT/4NkTj;M' . 
= aPVM/ V211"RT 

So that 
·m 

P -.'" - - (4) 
a 

.• I 

· .. · ....... 

5 
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for most metals a is nearly equal_to 'one' and the vapors are monatomic. 
,. .. ·)'· ., 2 . . . ·. ' 

In the Knudsen method vapor pressures are also determined 
·-· .... 

. -~-' . 

from rates of weight loss of samples·. Because of certain technical 

advantages it has to a large· extent replaced the Langmuir method.· 
·--.- ;>.I-,..:~ ...... ~ J • ! : 

< In particular~ the sticking ·coefficient, a, need not be known fu the ... -·.-
._ .. ' :~. ,· :-. _,.. ~-. 

· · .. · ~udsen method. 
< • : ~ • .,: 

... ~- . . ·."..;·::~- ~. . . 

: . . ' . . . .. . . '.'.. ~> , .· . ' ... ·' .. ·· ·":;~:::§,!::L$~,:;:.~~-~\·· .• ,, , 
.. , .Th~ .. sampl~-i~. ccmtain~<:J.·in __ a~:small~;·ne~I'lY·.clos~cl· con.taine:;'J/~~.l;·;p~::'/:·:~:~;\~·· 

. . . -- ~- . ~ ·,.· '.· ·' . . ~ ·-.~ ~ . . . . , ._:' ·~--~ ·. --~·-t.· .. : ~ _•; ... ,\, .·:i , .. 

the_.Knudseri.ceu;· .iri •. which'the·.·~quilib~l~m.;ap~r pressur~;.:ti.:~ .. ·cte~;{6p~'J;.f,.G:,::~·;~.c:~·:·~· 
. ·. ' \ .·'!: . . . :~. ,· .. ·-.- ...... _.~--; . . . .' ~ 7-. /~.'~"'-- ~-- -~.-:_ ~;~· -~'t- -. :-~ 

The vapor escap·es from the cell through a tiny orifice of.area ,a. If:'the . ~ :~· .. -:· 

I. 

Orifice is small enoughLth~ pressure Of the Vapor in the Cellisnot 
. ~ . ';. . 

' ' . . -! . " 

reduced appreciably~.· ·The mass of vapor1 m, escaping per sec~nd wilf: 
. .. /' 

·be 

.. ~ 

, . : ~ c:J~~~::~~M = ~~~~4.~~L)VTtM .... ·' ' .· .. c~y~;1.~~:~~;F.·~::; 
•' . ; ·, j . •. .. ., ,; .·: • ' .• .. . . . . . <,';i(~·~;i:~i~;t~i~< 

·- ·· This applies for an irifinitely thin knife..;.edged orifice iri which the,·· ~-.~~·¥'~~.'·- >:; .. ;.,_ 
. ~ , · .: ; _,, ··- : _,~ ·1.;·<t.J~·i _;;;:if ::~:.,,~H~-

pressure is low enough so the mean free ·path of th~ escaping moleculesl·;·:}r;.:;-::h-_.~1·>. 

:._;-;"",_is at least ten times th_e .orifice .diame_ter .. ·. , ·"· .. 
~ \, 

' • .-·. : ~ 6 

.: , ,I 

·. ~, '. :· 
,. '· 
l 

- ' 

·:•:· 
• . • 1. .~· 

t_, •• .. ' . ~ 
.·_. t". ~;J 

·-·~ . ·- . -~ ;,.~;}~. ·• ... 
•. 'l' ·~· . i.:· J ·- . " 

. <> .•.• i,: ·, ... : •. '~.:, .. :;~_1· .. _']' 
: ;.' • ; . • t , :". • _'·. ~(' ~~ • -. - .• --·_ - ~ T . 

.. , 

.. ., 
_\.: }./~_ 

·.-/'') 
_;:~ ... , ...... '· .. 
• 1_ I. 

~- ·.. .. 
~ . :· .. ' .. -. 
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··,. ;.(' 

·,">!'" ' 
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'Real Knudsen cells deviate somewhat from the ideal behavior 

sketched above. All the factors are not fully understood. Clausing
3 

derived a correction for the channeling effect due to thickness of the 

knife edges of the hole. Speiser and Johnston 
4 
considered the loss .of 

pressure due to the hole as affected by the rate of ·evaporation from 

the surface area of the sample, and Motzfeld
5 

made a more detailed 

analysis of the action of the Knudsen cell, In the present work the 

sample area was large compared with the hole size~ since small solid 

particles were used, and only the Clausing correction needed to be 

:applied. (See appendix) . \. 
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The tor-sion effusion method is the one whiqh· has beert :mC).inly 
._ ;. 

· .. · ..... . ~- ~ 
.•:· ' .. t' . 

~ :. 

.:. ·, 

.. :_·~ ... ~·· .> 

r· 
used to dete.rmine the activities of manganese in iron-:manganese :alloys_.;> . 

. : '"\ 

in the present investigation. It co~sists of meas\).:ring di:rectly the··:·-· ., :: . 
":'.,/':_"\l 

. . . " 

recoil force exerted by the effusing vapor through small orifices into-:; 
.. -. 

. . ~. 
. . 

\ . 

.·· ·, 
·' 

· .. 

:,·.,. 

.,_. 

a surrounding vacuum. The apparatus consists of two main parts~ .. . I,·~,. . 

........ ----- (1) the vacuum system and furnace assembly (Fig. 1), and (2) the'·.:_ 

suspension system (Fig. 2). The sqspensiori systein is the part which '.· 
. ~.: 

·. ;. 

. "- ....... _ _..;:.. ........ 

·· .. · ('--' .· .. ,· 

distinguishes this apparatus from the Knudsen effusion method .. n: "i • ·."" ,,_ 

consists of a f~e wire ~r·
1

.ri~.b~n, one end of which is attachedrfgi~:{~-~~·:?\·; .. :.•/.~~\,·· 
. .. . . , '; : ., . . .. ·. . : . : . . . . , · .. · . . . ,~r.~ ~- '-~~c/t);~~{~~<~i':i'.c<;;;:·~g; .. ·_'_; 

:., :· to the top of the apparatus and the other to the freely suspended cruci:- .,_· .. '.-;;: .. ~: -~ -,;:;·:•• 
. .· ·. . ... ~- ....... .-.:---~:<>:~~L;'·::~·/: ·~-~.:.~-~:~-

ble assembly which is held in the hot zone of the furnace. Du~ing the -~.·(· 

-run the ,effusing vapor fromthe eccentrically placed holes. in the ceu .. : ·· 

· causes the suspension to rotate until the impulse momentum is bal-

·anced by the torque of the suspension wire. 
. . . . . . 

from the angle of twist~ .which is proportional to the torque in the 

elastic range. The amount of torque produced can be correlated with 
. . . 

the cell geom~try to obtain the vapc:>r pressur~ of the s.ample in the. 
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where D = torsion constant of the suspension filament 

q, = angle of rotation 

~and a
2 

= area of the infinitely thin·effusing orifice· 

qi and ~ = distance. of the orifices from the axis of rota_~~on.,, 

However, in practice we ~lways have a finite thicknessof the hole 

which will cause a channeling effect som.ewhat similar to that of the . 

.. --·- Knudsen effusion., so we have to consider a correction factor for 

torsion effusion. The correction factor derived by Clausi~g3 takes 

into account only the probability of a molecule which has entered one 
\ 

.. 

end of the hole of finite length escaping into the vacuum system. This· 

. correction is sufficient in Knudsen effusion since the weight loss 

depends only on the number of molec.ules which escape. However, 

when we are considering the forces ex~rted due .to the effusing vapor 

the situation is slightly different. Searcy and Freeman 6• 
7 
took into 

consideration the angular di.stribution of velocities of the effusing 

molecules since the torsional vapor pressure calculated from the 

force exerted by the effusing molecules depends not only on the num-

ber of escaping molecules but also on the angular distribution, and 

when this is taken into consideration in equation 6 we have the final 

torsion equation as 

(7) 

. . 

where f 
1 

and f
2 

are the force correction factors calcu~ated by Searcy 
: 

and Freeman. 
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The to~sion method has several advantages ·over the other .· . '.-

• \. • t."< ·,~, ,I . • . . ... ,. " -:'· . '(, . . ' . 
' ' 

' ( 

·'· 

. ··""' . ,~ 
• ~. •, ·~:t .. 

,:ffi~thods of d~termining vapor pressures of,pure metals ·and alloys: • I, ...... ·-~ 

.f 
-... . , 

;' : ..• ,;v->:· "_,P ;,. > 

(a). Torsion effusion measurements are faster than those by the weight_- . 

loss method. - 1 

(b) Vapor pressures can be determined without the knowledge of the 

molecular species in the vapor phase. J ~ • 

'I 
:-:.: . 
. , ... 

'· . ·, ..... 

,, 

,.: .. _: · (c) The ~certainty associated with the heating and cooling time in 
,: ... · .. 

~- . ·. . ~- ·. ' 
·'.·""· ... 

' ~ ~. ... -~ 

; ~.· . 

. 1/.". 

the weight loss method is avoided .. · 
., .· 

,'' 
' ' ' 

The first advantage is of particular importance in alloy systems . 
~. . ; .. ~ .. 

where depletion of the sux:face:·is.a fact~r. Mea·s~re~ents by ~eight-·. · · ~-\ ·-;· .· 
... . .... . \, . 

~ .- . : .. ' 

·loss :(or colie~ti~n) tebhni~ues can .be mad~ only after 'con~id~rable >'· •· 
• • •• • ' • • • < • 

• -mate~ial has been vaporized# hence, :aft~/ considerable depletion. 

The torque measurement may be m_ade. very quickly after the specimen;· .. 
' :;_, . ;. ~ .'·' ~ . 

comes to temperature at a time when_'minimum depletion 'has occur~ed_;::, ·.· ' ·;:.: ,' 
~ f:• /•·""' 

More important~ continuous measurements may be made· so that deple-:··;~:: 

.tion can be readily detected and# perhaps# allowed for. 
: .. · 

Vapor pressures measured by any of these methods may be 
. ·. . ·. . ' . ' . 

·.::··converted into thermodynamic quantities as describ'ed'•.'in.,the: next'''-;;. 

section. If ori~ compo~ent is m~ch m~re volatile tha.rl the ~th~r ;· .. -, :' .·• \ -_·, :.t.~c:· 
·. ·. " "A,>." "1 ~!-/> • ~ .. :t ,t .: ·,~·:. ~ 0 

: · .. (say PB greater than lOOP A) the total measured pressure may be ·:. _.-., ··: : <.:·/:'f~::: "' 

considered equal to the partial pressure of that component, and th.e · .. : ./.,;~;· i. i\(,~ii< · 
. ' ' . ' ' . - . . .·.' .;:; 1:\ . ;~:·:-::\:~.>' 

·· partial molar quantities forB may be determined from the measure-· .. ·~~<~:.,~,'~'.'i:;i~ 
• • • • ' :' ·~ 1" • ····:· ~ ·.~:· .. ~-~·}..:~·· 

·,I . -- . ~. ments. By Gibbs-Duhem integration it is then possible to determine:_:\·. 
,t;'l-· 

' .. 
.. · '~y,_, · the quantities for the other component and~ of course, :the integral 

. · •• -~-;~Ar. . : 
·-, 

. ·t 

· quantities for the system .. ; 

' I· 

,. 

. ~-~~.- . 
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Where both components are volatile enoughtocontribute 
. . . ' . ' -

significantly to the vapor pressure, it is necessary to determine 

the composition of the vapor. This might be done, for example., by: 

a chemical analysis of the condensate of the vapor .. In this case., ·· 

independent determinations have been made of the vapor pressures · 

of both components. The Gibbs-Duhem condition then furnishes a 

valuable check on the accuracy of the determinations. 
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III-)-· THERMODYNAMICS· 
I . 

. :,-· 

.~;. 

'· 
':'-

,,: 

' .... 
·.f" 

... ;·; .· 

. ~ .-.·· 

:·.\ In a ~'imiry alloy of compositi~m A
1

_x: BJC. the .:activitY at a :'_, . 
.. . 

particular composition an:d temperature equals 
-· _.,. 

·, p •' 
Bin alloy 

a . -
'---- ' 

. B . po 
·· B (pure) 

. if the vapor behavesideally. 
,,_. 'f 

R Tl~n'YJ3; ·· 
. . ' . .. 

.-' 

... 

. ~- ' ·• 

·,. 

:--.-·: . 

:· ... ·-·· .... -.. 

.-.~ ~-:··.. . ' ~ 

-xs 
If the values of AGB · over 

. "".· ·r ·' :. . , ' :-,->' .·.;· . :;- . ·. , .. , •' :-. -.};·~--< :_. -~ ' 
the entire ... comj;>o~:;itio~ rarige ,of th:~ alloy~ 

1 3.r~.:kno.wnat a particular temperature.;' ·A~A .can be determined from··: 

the Gibbs-Duhem relation ·. \ : ·' ' ~--- ' ' 
. .-. -~ .. 

. : •. i -~~ 
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•J ,' '> t 
-~ l 

rr. ···'· 
·. ··. '~·- -~ ' 

· .. 
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. .'• 

'·I 
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- .. ··. '.' ~;. P2> .. _,·:~-,~:r,··.: ;'. ·_I:~~.' 
.. ~- -~ -·~ -~,~~~·-:-.~~·~i~~--- -.~ ~:~ . ! • ...\ .!1·.;,: 

· dtiG:X:s = -
. A 

·. [:.::· .. ,· .. ·.~~.· -~ .. "' .·,··.~·j·.-,'~.~.. ' '• J ., > L ~~ ''·~'· :•,• -~~·"\?. ·,,: ·, . ._ ;..~;,,-~·:·, . • ·'< ,_. . . ~ ' ~-. ' . '_. --~ .. i:~~ _<: -~ .. ~~~:··--~' --~-;:~~- - ~ ~< '.·, __ :-~~~i::~ .. :·:~:-~-~.~:~~--~~- ~~>~-:;<-: 

,_ .... :From the temperature ,depe~d~nce ot.:~ac;~ ~an:·b~ ~o1tatne.d_tlie.partia(> ... ;.~~/:-.: 
.- -- ._ . _-_ · .. .. _· _ .r· . . -··· .· ·. ,, '"', :.·.-~ ~: ., . . ...... · ._ ...:J ~-!. · .. :_ ..... ~,.~.~ 

~.· ~·. .-! - . --xs . . . .::.--... :~_ .. __ ,..::.·~~:".:..~ ... -.. ·~:-'--'-..:... .... __ . . . . ··~ ... _ ·- ~i·· ... ·;~ 
. , , molaQ..·excess entropy ASB .of component B from the relationship·"--··,·:"". '':-.;;:·t:r~;~: .. H"l/ 
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S. "1 1 'AS:XS 1m1. ar y, L.l A can.· be .'obtain~d from. the ·Gibbs-DulJ.,eJri. relationship. 
..... . ~ .. 

·,. 

From both partials the integral thermodynamic properties can be · · · ·· 

. obtained from the relationships 

.. .6Y. 

.and .6H. 

... xs 
+ x.6YB 

. "'·. 

\· 

I. ,· • :, • ~;o. ."f: ... ~. •: 
,· 

.... ,·. '.:~ :. ~ . . . . ' . 

·· .. '··· .. 
. ' ·. 

. ( 14) 

(15) 

( 16) 

where Y = any thermodynamic pro~~rtY and. yid its id~al sol~ti~n.:, .. 

value. In order to carry out the Gibbs-Duhem integratioh.of the· 
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partial quantities it is easier to.introduce two functions aB and f3B~~ :.-.-';·~··<: 
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./ 

a· 
tJ j =' 
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lV. THE-APPARATUS 

The apparatus was designed so that it could be ·used for both . 

the torsion and Knudsen methods. The furnace chamber. (Fig. 1) 

consists of a stainless steel cylinder (A) 14 inches in diameter amL. 

15 inches long. Stainless steel was used because of its smooth sur-

face which cuts down the amount of absorbed gas and. consequently . 

the pumping time. The furnace chamber is ~ater:-cooled by copper .. 

tubes (B) soldered outside the. shell. In the .cent~~- of the top plate 

there is a one-half inch hole, (C), surrounded by a concentric "O" 

ring groove which is used· as the upp~:r. po~t for the passage of the . 

suspension system (D), ·and also as an optical window for the optical·· 

pyrometer in the case of Knudsen measurements. A six-inch-
. . 

' ... 

diameter right-angle-bend pipe (E) is welded to the side of the chamber, .·• .. 

which is connected to a CVC MCF 700 type oil diffusion pump and a 

mechanical pump through a nitrogen trap. 

The bottom plate of the chamber has three holes. One is for 

' 
the inlet of the tungsten-rhenium thermocouple ·(F 

1
) which is intro- .· 

duced through a glass-metal 'KOVAR' type se3:l. The thermocouple 
>. . . 

was welded with a plasma jet. The two other holes (F 
2 

and F 
3
), 

which are one inch in diameter,' are used for leading in two pair~ 

i :·: 

(G 1 and G2) of 1j 4 inch copper tubes through rubber seals. These ...... ;•., ._ 

~o pairs of copper tubes are water-cooled and are used as electricaL:·:::.:. ·· 

,.. 
. ' 

". ~ . 

conductors to bring the current into the chamber, Each pair ofcopper· ·. .. 

tubeS (for f:Mil.ow.rahcot t<;tuJtfJ/oW' fof.' Watar~r.",iS lll'Oniifl:.Cte doto. 31. ili.o~i0w. ic-i.no.ular ·.,. > . .>,; •• ~ -~~:~:r~r . 
.I '· . i' p •,: •• • •• :·-: .... 

. ·_ .. -. 
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disc (H~ and H2) ~inches .:ID diameter ~d.9/16 inch thick with a 

2 inch diameter hole.at the center. The cop.per discs are pl9-ced on 

top of each other with a mica insulation between. Ten sixty-mil · 

diameter tungsten haiT pins (I) about 11 inches long (whicP, are USecf ·. 

as heating elem~nts) carry the current between. the tWo copper discs .. 

The heating elements with the two copper discs ar~ supported on a 

tripod stand (J) inside the v~cuum chamber.· A set.of four radiation 

shields (K) (the inner one of t~ntalum and·th~ rem·ainder of molyb-

.... 

•. 

denum) is used to surround the heating elements.. A set of three 
. ·, ·.·_<; .. 

. ' 
I 
\ 

- -
... .,.· ... 

. l' 

·' 

. -··· l'h 

. ~~--~·--:~. _,-~ ._' 

. . ~ :·~· .. radiation shields (L) is placed~hrough tp.~ top opening of the water· · · · 
. "" : . --- ·----·--- --------- .--. ~-"-- ~~ 

...;· ·. .- :·-~ ;~ ,...~~ 

cooled circular copper plates. These· top radiation shields have a.:.: 

one-quarter inch hole at the center for the passage of the torsion cell. 

The bottom radiation .shields also have a 3/16 inch hole for the passage 

of an alumina tube (M) which is used as a stand for the dummy cell(N) 

and also the Knudsen cell. The ~ungsten-rhenium thermocouple is· 

br-ought into the hot zone through the tube. The 220 volt input is 

controlled by ;;t 7 KV A power stat, then stepped down by twelve O. 575 
,/ 

KVA transformers in parallel~ each with a maximum· output. voltage 

of ten volts. Temperature control is achieved through a Leeds and. 
. . ' 

Northrup controller actuated by a sign~l of the thermocouple.· A 

: .. ;. 
j 

''i' 

· .. ····· 

t':' 

-:· ·-•,.; 6:. 

; .. . -~ ~ . 

safety switch which is operated by the input water pressure to the 
•· 

furnace is placed in series with the input power. With this arrange- ·· ·:. •• J • ; '.:. ' • '· :-~- • 

' . ; ·~ ' '·\ : ... 
:. ' ··~i 

ment a maximum sample temperature of about 1700° C may be attained~ .. ·. -;: .: <:. 
f.·','" .. · 

' ·~ . 

' . · .. , 
'\ 
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With .a larger available power. source it.wOtild be possible to use a·· .. · 

furnace of this type for temperatu:r:es.up to abouf2i00°C. 

The suspension systerp shown iri Fig. 2 is·enclosed in-a 2 1/2 
'·. 

inch diameter by a 28 inch ·t~ll Py~e!X: tube (0). A copper-.to~glass __ . 

seal (P) joins the t~be to a bras·s flange which is sealed by an "O" 
·. 

._~;···~ 

J:. 

·. i8. 
':_·,. 

. ' 
·''· 

..... ·. . . 

; ,. .-~ ~:~' 

· .. /, 

ring to the upper part of the furnace. The upper part of the glass·, .'. ·:i'::hh .. ~-
tube has a simil'ar flange with a ·1/4 ~inch Se~.lastic fitting at the ·. /:'_::~;t'2;t;:.: · 

- .. ~-·""""·.·---:·~·- ._ ... -;; "'-~-----.:.~> 

The torsion filament 18 ·suspended -from- a-l4~inch-long a:o,d_ .. i /)1:-

·. '. 

- ··/ 

center. 
. . . . .· .. 

·'." 

inch diameter brass rod (9)$ the lower end of which is in the vacuurri: 

·':·-,_.:'</_system and has a· chuckf6~ ~olding .~he. to~~ion ·r{iam~!lt (Q
1

>.: .. ·The:: 
::~,f. .•. · :. -:).:~- .' ; . . . •. . . ·_., . .. . . ·. . • . . •. . . ' • ... ,,/ . •' .... :· -~: .. 

Sealastic fitting (R) allows the rotation of the. brass rod. without any\ 
.. · -~---~~ '} ... 

,. loss of vacuum. The upper end of the brass rod extends out and is 

.. :~ ( ~ ; : 

, .. 
, .. 

\ . . ~ · ...... ' .. ~-

connected to a reduction gear mechanism (S) .. The•360 to 1 reduction .. '· · 

-~ . 
mechanism is coupled with a counter and permits ·a rotation of 0. 01 '· 

degree in~eryal. The rotating device is operated manually at a 

convenient height by means of two coupling gears (U). A .. torsion 

filament(T) of eith~r 2 mil diamete~ ~ircular tungsten wire. or a. 

ribbon of 1 by 4 mil cross section was used for the experim~nt:' ._. 
. . . . \ ... 

Since recrystallized alumina crucibles were used arid the cellass~mbly< .' · · -;~} 
. . ~ · . · . · . ··. ·v·~.~:~~~{--~~ -~ ~,v~:~>-

in operation·weighed more than 120 grams. it was not possible to use·~·\~;.·,·.:;?:· 

thinner wires such as those normally used for graphite cells. Since ." ~:~f::;<:;&< · 
. . • '-. ·_·-~~---· ",,j· >";)" !',.' 

the sensitivity decreases as the fourth power of the suspension wire ··:~<;·' ,·::.:·.· . 
·. '··· ... ; ::~:,}k~, . 

diameter. sensitivity has to be sacrificed in order to support the , .. < :L·.· :~· :>~!-< 
. . ~ 1·.:~ ... ~~-.~--~: .. ~ . ".:;. 

i' 
i 

' .. 
j 

I 

i" ~ '!1.t~ ~·.-:: 

'' ... ::·: .-~~ ~- ·:i:~~~::: 
•. ·\';. "V •. ·; • .,:,~ ":: .: -~ •• 

,: 

: J ... " ~. --~: .-:.: •' • .. ,..· _: ., ! 

' . ·' . ' . . ··:.-~~.:~·"·· 
I ... ,~ ;__., 01"~·~. ' 
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load without surpassing the ~lastic limit of the suspensi~'n wi~~~ ; ·, .· ·.· 
• • . • ·_! . .~ • '4 

.. · , .. -... 

The ribbon torsion filament of rectangular cross section (obtained·.: 
, . e. " , •. :' 

from H. Cross Co~pany). wa.s used t~ increase the sensitivi~y? . ·,:-; .· 

Although ribbon has bee~1 used extensively in galvanometers~ it· 

has never been used in torsion experiments. ·It seems from the 
'• .· . , 

·.• .. 

'/ 

i 
.• . ) 

,{ ·. 
.· ·• 

~· : . ..... ~ 

,· 

.· . 
.._. -~ 

., ; ·-i_· .. ·r . ... ~ 

pr~sent investigation that up to a deflection of about 'goo the ·ribb()n · · ... ;; ('< 
. - ' .. :· .'·. :.~ :1','·: .• :' 

\' 

performs ideally. Residual distortion after a: run was less frequently .. 

observed with ribbons than with circular wire,· whicb may be due tC> ~:: ..• :: . 

. I . 
better uniformity of the dimensions of the ribbon throughout the entire .. ·. 

length of the. ribb~n torsion filament. · A tungsten: r~I?J;>on instead of. a·~.:,· 
' . 

circular wire is highly recommended for tors:Lon work. Each of the : 

i;orsion filaments was about 23 inches long. No ·great increase of ... · 

sensitivity would be attained by increasing this length: Because ... of 
'\. 

. ~ '. ~ I 

. .;· 

•.· 

. l· . 
,,;_'I 

its good quality with regard to tensile strength and modulus of rigidity> <• • '.': · ' 
. . . ~ 

· tungsten was chosen as the torsion filam-ent material. 

A 1/4 inch di~meter .aluminum ·rod--{V)~.6-,inche_s __ Jqng·~ith . .'., 
• - • • • < • • • ... --~·' -;:7""'----:-<:.il ... ' 

'• ,\ "l."" 

·.chucks at both ends is used to suspe~d the torsion cell assembly' i. ; 
.~ ~.~~·---;·· .· .... ~. 

from thetorsioh filament.. A front-:sur:faced galvanomet~r mi~ror ("W) / ·.:' . . ~·:<::·;; > 
. . '. ·. . .. . ' . > .. < ,'. ·>· .,· ,·: .\,_,,>: 

is glued 2 inches from the top of this .rod and serves as a deflection : -.... :.:;; :·. ~ < ·· .. 
I ~ ...... :-... '.~.· < • •'""I ·,\'• 

. . . ' ' '· l 4'~ : t: ~ 

measuring device. Located two inches below the mirror is an alumi-. ~; .. '', 
~ .( ~ ~ ...... : . 

. . num damping disc (X).; It is l-1/4. inches in diameter, 1/2 inch thick,.,: . ·. ;~ . 
. :;· :-~· .· ... :. · .. "': . •., .. ~ .. ~~ . 

.' ,· , . - ?-nd has a 1/4 inch hole through the center which permits a. tight .. · 
.... 1 friction fit be.tween the rod and the damper. The 'lower. end of this . _., ~-

.,_ ~ . .' ~-
....... 

• i; .-· + 

· .. .. 
. . . . . ' 

. .... ~ . ..,. - ...... 

.' : 

... · 
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) 

aluminum rod is attached to a 60 mil tantalum rod (Y) of a:bout 13 

inches length .. _ This ·rod extends into the furnace chamber. where at 

the lower end the torsion cell block (Fig. 3) is attached.-

Care was taken to avoid any-ferromagnetic material in the 

suspension system, since it could be affected by .either. the electro-
. '.) ~ 

--

magnetic field of the furnace or the damping magnet~ The tors~on 

constants of the 2 mil wire and the 4 X: r:l mil ribbon were. 1. 6 and 

\ . -1 -1 
1. 02 dyne em rad respectively. The torsion ctmstants were 

.. 

measured by timing the period of oscillation with added weights of k 

known moments of inertia. ·ThiS information enables the torsion. 
\ 

constant of the wire to be calculated: 

2 
471' (Il - I2) 

D = i 2 t 2 
1 2 . 

where 

~~, I2 = Moments of fuerti.a of the weights · 

t 1, t
2

_ = Periods of oscillation with the weights .. · 

(21) 

. ,; .>' 

: •:' 
~. . 

. . 
'·'\. 

·i· ·:! .•· . 

·Due to the initial relaxation of the torsion filament. it was necessary . -. ·-.. "" .. '~' 
·. \·;·_ 

. . '. : :·,· ... ,~::" '.' 

to keep the filament under the load·for a few days before using in ~··· · : .. ··:. 
• ·,' . • -·~ -r 

order to ensure that the torsion constant did not vary during the runs.· . . ·. ,· 
, ... ,,· 

Recrystallized alumina was use~ for the torsion cell because 
f ·, 

.· ~ .. 

of its impervious nat~re ~nd its .resistance to reaction with the man-
. \ 

'. 

ganese vapor. Since manganese vapor is very reactive at high 
~ . . -. ' 

. . 

temperatllres.t a molybdenum or a tantalum cell might act as a sink ... :•. ·~;;. 
.. ,.• .·. 
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for the vapor and make it difficult to attain the ~quilibrium pressure 
. .. 

inside the cell. Two very thin molybdenum cylinders were welded 

together and to. a:. 60 mil diameter ta.:lltalU:m rod to form the. crucible 

holders (Fig. 3).- This was done it?- order to keep the geometry ·of ___ _ 

the cell fairly rigid. The crucible lids (Fig. 3) _were _machined with 

a slight taper with diamond tools so that they fit very snugly on·the 

top of the crucible. The crucibles were placed in the hollow molyb-_ 

denum cylinders with the holes facirig in opposite directions and were 

secured in place by wedging them with thim molybdenum sheets. 

One of the problems was the difficulty in determining the .. . . . 
:•'' . •' 

23. 

_ ~.- -"-" -· exact correction factor for the orifice drilled ih the alumina crucibl~ ._-- ,. 

··' ..... 

lid; it is difficult to machine a very :'Small uniformly cylindrical hole·. 

When supersonic drills were used to make the holes_, they inevitably 

became tapered and eccentric. This made H impossible to calculate 

exactly the area and the channeling effect correction factor. However~:: . 
j ! 

the vapor pressures of pure manganese calculated from the torsion--.. 
' ~ . . . . 

constant data a!ld the approximate hole area agreed with t~e literature 

values within 10 to 20 percent depending on the hole size_, indicating 

tnat the setup in general was performing satisfactorily. 

In this investigation the de:rlection was measure~ by the null .• _ ... 

·.·\··· 

-·' 

. ·. 

r. ,. ', 
-.. 

point method. After the mirror was deflected by the' vapor pressure . 
• . ' ·,,, ' ~ " I ~- . 

' ,· I' ~ 0 

.. ; .· ...... 

torque, it was returned to its original position by manually operating 

the gear mechanism at the top of the suspension system. . Thus the .. -
. ' 

'. •,' ;,, ~ ¥ 
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angle required to return.~he mirpor to'its :original position is equal'.·· 

·to its angle of deflecti~ri. -. ·5rhe/angi~. ~c~~~-~--be r~ad ;(, ~he·,~ea~~st.: 
o. 01 degree. The· precision of the me~su~emEmts was f~undto he> 

.. - .,. . . 

±Of:025 degree; the error YJas due to temperature fluctuation and 

., vibration of the cell. A light and a scale were placed at a 
. . . 

of about five feet from the mirror. Since. the deflection was measured 

by a null point method, it was not necessary to calibrate the traverse·_ .. , 

·~length of the reflected beam on the scale per degree of rotation; it. 

was about 10 em per degree. 
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. '· y. MATERIALS·· 

Electrolytic. iron and manganese of 99. 95 percenfpu:dty 

were used for the preparation of the alloys. .Twelve alloys of about 

800 grams each containing 9 to 80 percent manganese were melted-·-

in an induction ~urnace fu alumina crucibles under helium atrp.osphere. 

'/ 
The alloys were poured into a water-cooled copper mold. Since the 

_______ liquidus and solidus temperature difference_s in the iron-manganese · 

system (Fig. 4) are very small
1 

the very rapid quenching should lead 

... 

to negligible segregation in the alloy. Electron prob.e analysis was . . :. 

. . . ' . . . 

. ~ \' ~ .. , · ........ 
.,. 

. . 

. I . . . . . 

. carried out 0~ 'so~e of the.''.quenchedsampies aJid no inhom:ogenity was 

observed. The. 70 .and 80 percent manganese alloys were very brittle .· 

and the ingots shattered during quenchirlg. Most of the alloys were 

sawed, and the sawed particles (0. 001 to 0, 5 mm) were used for the. 

·experiment; the 70 and 80 percent a,lloys were crushed before using, 

Fine particles were used in order to increase the ratio of the surface 1 

area of the alloys to that of the orifice. About l/8 inch of the all_oy 

was machined off from· the surface of the ingot and discarded. The 

top, middle and bottom sections of the ingots were then chemically 

analyzed. The mangane_se anal~sis was carried out in this laboratory 

. by potentiometer titration as described by Lingane and Karplus.9 . The 

·iron analysis was done by dichromate titration. The precision of the 

. ultimate determination: of the composition was about ±0. 3 percent . 

Ten of the alloys .were also analyzed by the Chemistry Division of the. 

University of California, Lawrence Radiation Laboratory~. and their 
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analyses checked within 0. 5 percent with the analyses made in this 

laboratory. The average values of the analyses are giv~n in Table I: 

Table I 

Manganese Content of Alloys 

Alloy X Alloy X 

MH -·Mn 
' 

.... ~ ... r~ 

1 0. 0.90: ± . 001 .. 7 o. 452 ± . 002 
' - / 

2 o. 1.97 ± . 002 8 .. 0. 499 ± ;:001 

3 o. 253 ± . 002 g. o. 548 ± • 003 

' 
4 o. 318 ± :·.001 10 o. 597 ± • 002 

5' 0. 349 ± . 002 11 o. 700 ± • 001 

6 o. 402 ± . 001 12 o. 802 ± . 002 

,. 

No weight loss correction WqS .made for the torsion results1 · 

si~ce the· weight losses were v~ry small.(about 10-
3 gm average) 

from the 10 gram of samples used for each run. rJ:Ius, the correc-

tion was .less tp.an the uncertainty of the manganese analyses. How­

~ver, for the ~udsen results the weight losses w.ere'in the order of 

0. 09 grams and were taken into consideration; the average composi-

tion between the initial and the final fun after evaporation was taken 

to be the ,composition of the sample. 

. i/, 
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. the vapor pressures of b.oth pure manganese and the ~ll<>~s.'. ·Two 
. ' ·- . . . . . ·, .· . . . . . 

··'·' coaxial crucibles of recrystallized alumina were used as the.crucible·:,il'.' .. 
. : . .· . . ' ~- ._:. ":~.' ;-: /' 

.... ~.· · .....•..... ··. ::::~:~~:::::c~:~::b::::~a~::d c:p aw::l:::~;:i:::t:::he)}~~;~~~~~~f~· 
·•· "t<::~ · .. ·_,powder (Fig. 3). · . This was done because 'the facilitY fo7 making ·sm.tg':\~1;S;·~i~J{~~;.:J~t ; .. 
' {<~· ·r"~··- . ... ' . " . . ~ .,_ .... . ·-----, . . . : . ':}:;: ~ ,':_~~ )_;~/- -c}'f~b·?' 

' .fitting lids·was not available at that time.· To avold"-ffie-problem-of·'· -~)·.·,[.,8~f~'··~-~:>.F. 
: ·. . . . ' . . . . ··?l ;;.d·0~.::~-~~-~3?:. :' . ~':. 

geometry of the hole, the same crucible .lids were used for both the /''\·.·".,,>~i···.c.·';:. 
· · -· ··. . .. . . . · . . . · "· . . ~.,.:;~:::>~~:iiH:~·.J?r. 

pure metals.and thealloy·s. The crucible. was placed on a molybdent.t£4A1l::•}Jr;·,::~~lr~~ ~ 
~-·' ' ) . . :: ~-. '~ -~~.?:."/ ~i£.~;,(:~:~~:1l ~ 

.. . : ·block on an alumina stand, and the thermocouple was. plac~~h.w:i!thin;_ fi/;B:·.<.Y(f' !L~J . 
. : - . inch pf the sample. The· tungsten-rhenium thermocouple u~e<;l was::;_'._.::'?~,;~~~~-;.\·;:. 

....... ·•.· ·found to be quite suitable. Although in the temperature range of the ~> . . . ~ . . . . 
. . . . . . : . 

"measurement. Pt-;r:>t+lOo/o Rh would h~ve beEm satisfactory. the _W-Re '-;,;·:· 
' . . .. , .. ,., 

. couple ha~ a higher temperature coefficient and is more ~ohvenient~ 
->. 

It was .found to remain stable well above 1650°C, 'hence it is to be , ._.;,':~: 
. . . . . . . . . . ·. . . . . . . . ; :f <:~, .. ~~b ' ;,, :.:;::~ ;:: 

·~ .recommended for measurements of temper-atur~s above the Pt-Pt+19«1/o. Rhc-~·::.'~ ;·:-,.;, 
.. · 

limit.. The _thermocouple was calibrated by both: an optical. pyrometer /· 
• .• • • • ~ " • :> . . • • • . .. • • . • . • • • • • .. '... ~ • ' 

' ' .\ ~!I ... _. • • . .• -:~-~ \ ~- ;_·~>·>'. ·· .. } 
and a standard Pt-Pt+lOo/o Rh thermocouple. The uncertainty of the · . ·.:' · 

. :',' 

;1_ \ ···:·' . 
J -. 

•...•. temperature is probably 1° to 3°C; however; .since the :vapor pressure>..... i. 

·.·· · · :.:measurements are relative,. the absplute uncertainty in temperature " ;,:Z:r~r .. ;:;~~iz_l:} · 
: :c:,:.. ·-· . ;:: : .:· 

··,. 
. " ·. ~ ~' 

• < , I 

. ' 

. . 
: will have little effect on the f4tal :esults •. as the same temperature 

calihration curve was used for both pure ··manganese and its alloys. 

(. 
'· ·'. 

·-· . .,•. 

. -: \ ~ . 
" ' 

~t~ ~ 

. ~·~~ ,;,; 
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. . . 2 
Crucibles with approximate hole areas of 0. 0022, o. 0077 and 0. 010 em 

were used for the measurements. However, the holes in the alumina., 

'which were made by supersonic drills, were irregular so that the. 

effective areas and the proper Clausing factors could hardly be deter-· 

mined accurately by measurement. Each hole was therefore calibrated 

by measuring th.e vapor pressure of pure manganese. For each crucible 

· ... , ·a correction factor was calculated. Th~ Clausing factor;times· hole 

area was ~ultiplied by the correction factor whose value was chosen ~·. · 

29 
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·, 

to make the vapor pressure determined experimentally agree with ·.- , "":·' 
. . I .. . >. _. •• 

;.' ~- ; that given in the literatur~!-0 The average correction factor for all the . ·. ·. ; ,:; '~ ':- · ~: 
. . . 

deterillinations from a given hole was then used. to give an "experimental" 

v . . 
value for PMn' and r~H'.2g'8''·~ was calculated and show~ to have ~o 

. temperature dependence and to be consistent to ±1150 cal/ g-atom. The 

data are given in Table VI in the Appendix. The vapor pressures of 

alloys were then measured. In order to decrease the uncertainties 

introduced by weighing, it was necessary to have a weight loss in the 

order of 0. 1 gram; the time required for a run was now so long that 

the corrections for the heating and cooling times became r:elatively ; · '· 

insignificant. When there is a danger of surface depletion the weight 

loss should be kept to a minimum in order to obtain an equilibrium · 

value. The- results obtained by the Knudsen method are given in 

Table VI. · in the Appendix. 
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· To· test for depletion (which· had, .also been !ound by McCabe: · ' : · 'i 
.·.11, . . ; . .- . . . . ~· . .. , -. ;,,! :j·· 

"i ,"" '• r 

et aL ), a torsion effusion cell was designed,. _In order to test the: . . _ .•. : :; 1 
:· - - - _- . , ~ . ", ,:~r.·: -I 

close fit of the lids a pure manganese samplewas heate.d without any:·:: ,,.· ·::. ... • ! 

holes in the lids, and no deflection was ~oticed up to about 1500° K ·_ · }. ·· 
. . ·-- . . 

. :. -(where the expected pressure was 10-3atm), which indicates that the . . . . 

seal was quite good. The torsion constants of the filaments were -· 
,' . 

. determined by the method described previously. The difference between .- · , ' 

I .. . . ~ . 

..,._ ·-r'-:·--:,-···. 
the oscillation period in air and in vacuum was not significant when. ' .. 

. . : ~ ' · .. · ,• .:: ', :: ·. ' ... 
; .... ·•' 

. ( 

· ... ., 

.· proper precautions were taken during the measurements. 
. . \ . . 

Three hole t:~izes 'o.f approxir:nate areas 0. 0015:,' p. 002Hand-.. . . ~ ~ . . . . . .. . . . . . . . . .· . •' . . . . . . . . . . 
,.:··;-:::: ... ·.. 2 . . .: . .-_,:• · .. : '. >.;' '·. . . ._: .• -:, ·_._ ·. _:. . • .· :· ·... • • ' . _·-_ :' ··._. · ... -·--

. · O. 010 em were used.· . The the6reticalc:al±br.ation factors arid the •" · . ' ~ ~ . . . . 

·ones determined from the vapor pressure of manganese found in the~ ... 

llterature.1 0 are given in Table II. 
., 

Table II·. 
' . 

Calibration of Torsion Cell Assembll. .._ :; 

Torsion 
Filament 

Factor per degree of deflection 
Calculated ! Experimental 

. ' 

. . . :·'~:" 

0.0015 . C ire ular wire 
2 mil diam. · 

-6 
34. 7 x 10 .. atm 

. 6 . 
· 42. 2 0 x 10- a tni 

;:. .. ·_, .. 

' . . ~ , -6 •• • • •• • J :7'' ~ ,, 
r.;., -

·. · .. ' ' 
·ir '·· 

·.· 
' ••. -=" : . 

. : ,, ~ ;_ ~-. ~- .. 
. .... ··- . 

., 
<~ .. ~--

,"i •' 

·' 

0. 001" .x 0. 004 11 21. 70 x 10 atm 

t-----:---'--------lr--......... R~ib_b_o .... n,;.;.-_--:1-------~---lr---------t .. _ :,\.: ··>:.:'.' .:;;;:C ··. 

1--C-1-· ;_c_-~-~-·~_rd_· ~-· a_im_r_~-t-2_o_._5_s_x_l_o_-_6-=-a-t_m--'-+---l_s_. _6_,4_x_l_o_~-:::-a_t_m__,. ~,~~~(~:Hf; 0.0028 

0. 001 11 X 0. 004 11 13. 51 X 10-6 atm il2. 24 X 10 atm .. · . ·' .. ",:f 
.Ribbon · ;<:; :;- · ., . 

t----:--~---lr--------+-..:....-----..:....-t--..:....-..:....-----1 ., ·:;: :::i~:·-

5. 64 x 10-6 atm . · ·:·.>:~ 1 

0.010 Circular wire 
2 mil diam. 

-6 
5. 06 x 10 atm 

'\' .i.:. "'·:. l ... 

,. 

~--------~~--------------~----------------------------~ . 

. , ... ' 



The calibration factor W8.S :'1-::>t needed to ,determine activities. since 

the same crucible lids were used for both the alloys a;nd pure .manganese. 

Thus at a particular temperature, the a.ctivity is simply the ratio of the 

angles of deflection of the alloy and the pure component. However, 

the factor was determined in order t'o facilitate the evaltiation of the 

data. The vapor pressures at all temperatures were then recalculated 

using the select.ed a,ver-age factor. ·The heat of vapori~ation at 298° K 

obtained from the recalculated vapor pressures by the third law method 

agrees within± 80 cal/ g··atom with the literature value;o Tables IIIa 

to IIIf. This indicates that probably th~ a,bsolute temperature measurement, · 

· was quite good~ since no temperature dependent error was noticed. The 

manganese runs were checked frequen~ly, and the conversion factor 

remained constant provided the filament was kept loaded with the weights 

for a few days. 

The t·ungsten-rhenium thermocouple was calibrated against 

a standard Pt-Pt+lOo/o Rh thermocouple. .The standar.q_th~I_'niocouple 

was embedded in a 20 .gram molybdenum block inside the torsion cell, 

and about 12 inches of the couple was wound around the cell to prevent 

heat loss through the leads. The W-~e couple was placed in the dummy 
'I ... ·. 

cell which.was kept at a constant distance of about'l/8 inch below the 

torsion cell during both the calibration and the experiments in order 

to avoid any uncertainty due to possible temp~rature gradients in the. 

furnace. The temperature of the furnace was controlled within ±0. 5°C. 

'I 
\ 
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' . ..{\fter the alloys,and the crucibles ·were wash.ed with·a~etone~ - .e 
• 9 • . -. 

;_ . .: ' ~ -:.: 

·they were put in the crucible .holder' and the c_hamber was evacuated > · · ··_. 
~ ,. . . -6 

. to a vacuum of 10 mm Hg. It was necessary before each run to wash· 

th~ crucible and the lid .with dilute Iiitric acid to d_issolve ~anganese 

deposited on the cell wa11. _Several empty crucibles were put into the 

· ·. furnace and heated; no torque .was noticed; therefore no volatile 
' . . 

substance was in the cells. After several runs the crucibles .seemed. 

to become .slightly tarnished. The .tarnish ·disappeared whei1. the ·empty: 

_crucibles were heated above l5000C . 
\ ,. ': 

<. 

: ~:After loading the c~ucibles and eva~~ating·. the system;· they.· ·· · , · 
. . . '. . . ~~. . . . ~ ··... . .. ." -~_-e. ·_.:~~· ~--> 
--. 

··.; ... 
' . ' ~ 

·.might be present and to degas the sample. The cru~fbles wer~ further 

' heated to ~bout 500 to' 600° c and kept at thattemperature fortimes up' 

to 8 hours. Usually no deflection was obs.erved at either stage~ 

. During operation of the torsion effusion cell the depletion of 
.,: 

the surface concentration of manganese. discussed in the Introduction.·_·· 

-~2 ':. 

,_ ·-· .·.. v 

!; ~·· r 

·; '. 

. .. ~ 

. j 

~ ... 

was directly observable. As the _sample came to temperature~ .. . .. . ... ·: , ~. . . ·r.: 

in the suspension was developed; this decreased with time. The decrease .. 
• ' > • •. 

' .. . "\':" 

··was much too great to be accounted for by bulk·depietion of manganese; 
.· . .., •. 

measurable ~epletion occurred in samples with low manganese concen-
' .t ~-

. . . -6 
trations after the evaporation of only 10 grams of manganese. ·-· . ~ ~ . ..._~,' 

The depletion was more pronou~ced the lower the mangane.se 
. ';. 

concentration and _the higher the temperature of the run ... · For alloys · . ' · · .. -~ 

'' •. . t 

.. . ~ 

f ••. 

I' . . (~ . 



containing 40 atomic percent manganese and lower 1 ~or que readings 

were taken soon after attainment of temperature. In several cases 

at the hi~her temperatures it was necessary to provide a fresh sample 

for each run. For higher manganese content:,:; it was possible to make 

readings at all temperatures without replacing the sample. The 

depletion effect is greater 1 as expected, with the larger hole diameters. 

As shown by the results (Figs.· 5 - 10 and Tables IVa to IV..!! ) con-sistent 

-· temperature dependences were found except at the highest temperatures 

and lower concentrations of manganese. It may be concluded, therefore, 

that with these exceptions, depletion has been practically eliminated as .. 

a factor in these measurements. 

As with the Knudsen measurements, the torsion cells were 

calibrated by measuring vapor pre"ssures of pure manganese (see page 29) 

Results of the calibration runs are shown inr:Tables rna to IIIf. 

.•· 
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: . .... , 
:·, _· .-:~ . : •, - ·_· 
.. -l. ·.·_, ..•. ,. 

._, 
~; .' : ~· 

1V1 and Vl (see appendix)~ D~r.i.ved values of .D.G~n are plo.tted ---~~--. '; '._ " .. 
-.: .. . .. . ' . - ., ·.· 

versus temperature in Figs. 5 -· fo. Examination o.f these·fi'gures . , 
'~~ 

. •' _::,_· · .• ---i :~- :. "> 

<;< • • •• 

makes it quite _clear that' the hlghervalues of.D.G~Il.~ are the most '.' .. · 

·· · · -xs ., 
reliable. Higher values of .D.GMn correspond to higher vapor pressures~>':.:.: 

~--- :~, ..... 

:·-.----·:~Large deviations are. always in the directio~ of-lower vapor pressur~f? ~ . ~ .. . . . . ' . . . : ' -: ~- - _.- _:·_ ... -~ 

--_ .. ;, 

and can be explained-as tb,e effect of depletion. The effect of deple- :·· . ' . . ,. "· . ' 

,. __ -
-·' ·. ·.' '.•-."'-' 

.· .. · ;_·. tion increases-with terripe~ature, with lower manganese concentration,·;· ::·t.~•- ..... 
~-.,. . -.. '"'- • , ·.-, r • ~. • \., •• ·, • - ~ ."" j ~. "':.· 

. ·---~---~:{ ; __ - .:._ .·· .• _-t'. . ~-' ........ -· .. _. -~--'~-- - . ~-;·~: -::_..-·;.-:. _·._ :: _;· __ ~·-: ...... '-~- :':.··-~--:·\· : ·.-.·-.-:;~~--'.'.-:··· 

· ; 1 .• and ~ithJ~r~f,. hol~ size, ·as ~7u~d be """,ec·t~d: ' . :< ·. ,_·, .. •.. .. ::~t~;¥:,. 
. . . Derived thermodynamic quantities' as ~function of'conc~ntr.ation· ,: ?; .; 

• -~.-. • •' • • • ' • • ··~. .... ; •• 0\ • ' 

· . ·· · ··. · ..;..xs · 
at,. l450°K are shown in Figs. 11 - 15 •.. _Knu_dsen valu~s .of A_GMri .. 

. ; 

plotted in Fig .. : 12 were calc·u.lated ~from iowe.r temperature measure,in_ents:, .: .· 
• ' • ,. -1 

'?'•'· 

u~ing the values of .D.~n obtained~fro.m th~·torsio~ cell. The selected, .. :::;_·;· .. 
r :- - ~ ·. 

integral and partial molar quantities _at 1450°K over .the enti:r:e composi~: . :, ,. {· 
... ·:·· .:_~. -~~~!>< . 

. tion range' are rgiven in~ TablesV ·and Va 'and Figs .. 14 - 15. Results of · 

electron~probe· ~nalyses are discussed in the next s.ection. • .. 
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The i~on m'anganese -~ystem shows a large-positive d~vi~~~o~:·-,;,:-.· : __ ·, ~ 
. . . ' ' '~~.- \ 

., '.'' ·.. •. ' .. _ 

from Raoult' s law, at all :compositions (Fig.· 11) •. This is unlike-· · <:·~· · 
previously report~d r~sults 11which indicated negative deviations at·.'­

.. most concentration~- with positive deviations only ~thigh ~anganese. ; ' 
" .. : ' . 

- -.· .. :"'. 
·~.-- ' ,4-

, -.~· ,.- •···r· •·. 

·concentrations~ The ~eason for the 'discrepancy with the previou~ 

e~perimental r'esuits has been discussed as due to depletion of the . 
' . . .,.-:.' •, . ., .'· 

· surface concentration of manganese by evaporation during the 

>_<;..·"iment. . . :··::,·~.;:·; .. -~· : " . ·::· .. , . . 

. " ·~· :; ~"- ·: .. , .: ·-.The ~;¥-~era ttir~·· ~6effi~ietits ih~ic~te. ~e gdti ve v~lue s .f~r\· .... 

.. 

·- -:._, ' .~·.:~;_, '.···_, .. · >.~:•·,'; .. '! • - ·., ~:/ ' ,.,. _ _...·; .-~_.T_:I. .•,.•-'' • 

.. . · ·< ·::. \. . .-" -:::.x:·s . . .. . . . - ... ,·. · .. · ... ·. ·,. .. . ·. . . -'-' . .. . . ·. ·. ··' •.· ,. :, 

.(.'. 

~SMn at ,a~l .conipositions .. The re}.ative par.tial molar 'properties. of 
I. 

' • • • • • • • ~ • • • • • .!" ., • \~~---~,.. • ' t· 
iron and ·manganese and the~integral values/were obtained from Gib})s ... ·. ~· :r: .,, · t 

. . . . '"- ' .·.. ' ' ·. ·- ... _;,:);_. ......... ' 
Duhemdritegration and are given in Tabl~ v· and Figs. 14 and 15~ 

. . .. ' . . . •' . 

data have been tabulated at 1450°K where the face-:centered ... cubic · 

gamma phase is; stable except near pure mai:lgane se (fig. 4) ,~d have . " ' 
·. ::, ~ "• -.· 

.been refei-red to Y-Fe and "(-Mn (both of Which .ire facecCentei-ed, , ' ~;:';:!ft)'J'; 
cubic) as standard states.: . ·, .. ; ... · ,; :::.:J:.~J~(~.;: ..... 

The heats of formation agree. well with those obtained hy · ,, ';·''''!_. 

I 
J 
I 
i 

· · · . . ·. . . · 12 .. · . . . . . . . . ·- • .> . < . . ~: :~. ·:·~~-:.\·il~~:L·~ t . 
. Kendall and· Hultgren from ac1d soluhon calor1metry and heat ~on tent .J· .. ' ~)·r;:,, .-:::. ~ 

. - ' .· . . .· ' . .. ., -_:·:~ ~~ . ._)~:-;. :~~~~~\~ t4· &~~- ,\'· . 

measurements. This is strong evidence of the correcfue ss of the · -~ ·, :--~~:: .; .' :~:t_,; : .. ,:; c: . . 
, ., 

0 

.. : ; '." .-~ 00 
> ',~ 0 ' ',, ' •: O ,_• O 0 '•,' .' ', .... ~<;·~-~:-~~~~.\1~:-~-~T_.~ ... t.:~;:~-.' io .~ 

present ~ork, s.ince experime~talerrors in.Gibbs:.energy ineasu~e:- >·.>~·/, ~><.'_V~,·i> :. 
. . . - ( :•' . . :. . ·. . . ;·\.· ···:~,.-·· ··--~> ..... 

. . ;:.", L ·, ,,' ,ments are notoriously muftiplied ·in the temperatu~e ~oeff~cients# fr~:~ -'~<·-~:.·;._t;)< 
J. .~ /~ .. ~ " ...... , ~. ·:.; <Ji•; 

•' ,·.' ~,f• . ' ' \ ~A'_.· ... ~: '·,., ,·' '-t,.• 

·, which the heat of formation were calculated.. . ·. , . 
. I 

i 
·'. '. '-.::·· .. ·, . . ;;_ 
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The data do not agree with vapqr pressure measurements of 

Butler, McCabe~ and Paxton~ 11
who found negative deviations from 

Raoult's law at all concentrations. However; later work from the 

13 . 
same laboratory, on high-manganese alloys only, agree very well 

wh~m activities were calculated from their previous data on pure 

11 . 
manganese. qomparative results at 1450°K are shown in Fig. 12. 

In this figure all measurements were translated to.1450°K using the 

values of ~S:n determined in the present investigation. Errors in 

the earlier work are probably due to depletion of the manganese 

concentration on the. surface. of the sample. Butler, McCabe, and .. 
11 . ' . : . . ... 

Paxton were aware of this phenomenon and attempted to allpw for · 

it by extrapolating their results to zero weight loss. However~ the · 

effect is so great at the beginning that it is· not surprising the extrap-

elation was inadequate~ 

'/ 

L b . k dB ht . 14 d' d h .. yu 1mov, Granovs aya, an , erens e1n. stu 1e t e system . · 

by collecting the condensed vapors from evaporation from a· free sur-

face, The condensate wa.s chemically analysed spectrographically. 

From c,hemical analyses of a series or" compositions it is possible to 

determine activities of the components. '!'he authors found Raoult' s 

law was obeyed at all temperatures~ Analysis of the surface of the 

samples showed ·a dep~etion of the manganese concentration of only . 

two ·per cent. 

Their results agree roughly with the Knudsen cell work (Fig. 12) · 

but are very far from the torsion cell data. Surface depletion must. be 

47 
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. ' .. 

. -; . 

. . ·~· 

,. ··::' -~- '. ·-' 
- .,_ .-' ._ . 

.. :· '•' ... ~. 

'far gre~ter than they indicate; perhaps ,their surface sainples·we:r:~ : 
' . . . . ··' ~ . 

taken to a considerable depth. 
.·.·· ', ,,_. 

An attempt was made to study surface depletion by electron_­

probe analysis.· This was done by determining the concentrati~n 

- ,f ,· 

/_ .. 

..... _,....,._. 

profile of the sample after evaporation. Since th~ resolution of the , ."' 

probe is only ·one_ to two mi~rons, it was very hard·to de-tect any sur:-.·; 
· .. 

. i ~-- ~· .. •' 

· ... ·' "48 . 
.. -. :~ . . . ~ 

·• . '. :P~. J 

i 
I 
.i 

.. ;; face depletion from high Inanganese alloys~ as the depletion probably.· 

'• :.-.· 

·, '·':· 

~ !< .... -~-· 
· ... ': . · : occurs closer than at a distance of. one micron from the evaporating· .· 

_ .. -· 
. . 

. . 't • ~ 

· . · surface. Only with the alloys containing 9 and 19. 7 atomic percent·-. 
.• t' :·'· 

...... 

'".., .. 

~ ~- ~ ~}_-·· 

·-··· - ,.··. 
",· 1" 

tration at the surface, although the overall composition change·calcU:- _:;·:··Z>< ·, 

· ·lated from the weight loss was less than one percent. 

- ···:;. 

~- ~ .. 
··- _( 

~- .-. ' 

Depletion of manganese from the surface of the sample de pen?~; · :; · · :_ .. ?:~ .. 

. on the -relative rates of .evaporation versus diffusion. Xf diffusion is 

fast enoug~,. the surface. loss ·of manganes~·can_ be r~stor·ed by diffusion 

.·. fro'm the interior so that the surface concentration is only slightly less.· 
"'o • 1 • . : -, ::~~:~~k:: :: ;~:::dat:: ::l:~n:n:::~:n~:~s::::;::::;ce •• :·.·~~-~~;,li~r:,· 

decrease in the. meas~re d. v~por pre-ssure.·_ ·· ·.- ~ ~-~<\~:~-·i~. ~-:.~:-.-~:~:~~--fl'~-

. ·: . · ... · . . . _ _._: __ , __ ~---~-~>" ~ .-.'. . '.. -;,:\,~.t;t~~=-~:-><~: 
In the following discussion we shall attempt to_-relate-surfac~ ···~:·}:·"':,;c:;_:~:/'·'::~:r 

· depletion. to the controllable variabies temp~rature, .are of Kriudsen)>·;·/: .. :;~;:}·';:t~;,:. · 
. . . .' . .' ..... :,:··~· ·. ~~-:~ .. ~ ~ ··:·-:. .. : ~· 

~ cell hole. and area of sample. ;The ra.te of loss of ~ate~ial (mang~nese)_,·;>. \·;~';-':' · · 
•! 

·, ___ , .. 

~--· 

{ .. _ :~ 
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from the cell is proportional to the pre.ssure times the area of the hole • 

-(AH /RT) . v # 

Since P cC e the 
-(AH /RT) 

v rate of loss of Mn (grams) 0.0 ae (22) 

where a = area ·of the effusion cell hole· and AH = heat of vaporization v . . 

of Mn. The significant term is the rate of loss per unit area of sample 

so 
-(AH /RT) 

. 2 ' a;e v 
rate of loss per unit area (g/ em ) ee A.: (23) 

where A = area of the sample. 

The rate at which manganese is replenished from the interior 
:i 

o~ the sample· is proporti~nal- to Ddx/dl. where Dis the diffusion 
. . . 

49' 

/ 

. •" .··,· 

.. · 
•:: . ., '·:.· ; . 

coefficient and dxf,dl. is the concentration gradient ·between surface. · . · · 
. • I . ~ 

and interior. D varies with temperature so .the DI:IQ· ~ -(Q/.R!~) where . 

Q is the activation energy for diffusion.. Hence 

. ~(Q/ RT) 
rate of replenishment Ddx/ dl. oO e dx/dl. (24) 

When a steady. state is reached. the rate of replenishment equals 

the rate of loss. so from equations 23 and 24 we get 

.. 
-(AH.;lRT) -(Q/RT) £ cb · · v eCD: · Ddx/ dl. oe e dx/ dl. (25) 

and finally 

-(AH /RT) 

dil/ di oe.'· !: e v · oe·:· 
· DA 

· -(AH -Q)/RT··· 
;;, 1.• a -<.· .. r:: v . . . ... 
.... -e 
., A 

. (26} .. ' ' : 

. ' 

r.' 

·'· 

,·' 
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·The ~alue·of dx/dl. in the steady state is a·~easure. of th~· magnitude .... :: 
. (. ' ' . ~ 

/' .·· 

• of depletion .. The smaller the value· of dx/ d.l ~ the nearer the surface;~.· .. 
·;.-. .· .. 

concentration of manganese is to the concentration in the interior. 
. ., . ' 

It is clear that a small hole size~ a, and a large area of 1' .. 

sample, A~ are favorable to bringing the steady state closer to 

. equilibrium. The· effect of temperature depends on the relative mag- · 
., .. 

. ~ 
. •· ~ 

. .. ~. ' 

nitu~es of ~Hv and Q. · For most metals ~Hv is much larger than _Q,_:< 
.•. • •'1.•"" 

so that.the unfavorable effect of depletion increases w:ith temperature ·:· 

of measurement. For the presentcase, it is not so clear, since the . :, " 

" ' ~:." .. 

. values .of Q reported by \Yells Md Meh115 for iro~:..manganese alloys ·, · 

,' . ar~ ~erf:"tll~:i~t~~~;.~~~lt.j~,;~~.-:~i~~ :t ' .. ·. ' ,:£: ' /: ' : i : 

··De'pletiori shobla berriore·.serious. at low. concentrations of . 
.. ...... :·:~ ... t:.:;.·;. '·:f·' .~-·; ~-· ··t·:~~· ...... t,·.:·<~ .. -~:_ ... ,; '.•"l•, ' _ • .'. ,• .:·. .. ,· .. 

~anganese;_ a one percent decrease in a· ten percent Mn alloy·· decrea~es'· 
' . I :. ;:.~-· ~ '~ ~ 

the. vapor pressure by ten percent,. whereas at high concentrations 'the:-:· 
> ·,,_~ ' .. • ' ' 

_;\: .... -
decrease of vapor pr.essure approaches one percent for the same loss · 

. ' • _:.< .· 

of manganese. This probably goes far to explain·why the Knudse~ cell 

method gave rather good results at high concentrations of manganese .· ~-

. ·and iow values at low concentrations. 
\ 

. . 

Time· is also a factor in the torsion method. , The· iir st and 

larges,t v.~lue of the torque, which'occurs as the specimen reaches' ... . . ' ·. . ~ 

-1."· 

J• 

~· ... '·.: 

... ~. . . 
._.,· 

·.,·-: . . 
'· .. ~· ~. ·. •.· 

. . -. ·~ . .: _, ::~-~- .-:~·-·.. . 

te-mperature, corresponds most closely with the equilibrium pressure ... : .. ~~ } .:.-;. · 
. . . . . . . . . . . . . . . :· .))/::· ~ .. t· :~ 

. At low temperatures depletion takes~ place slowly, so that readings ~' '',-:.-'<: O':~!f!~ 
• \.,, • ;. ·. ~ "J"' ·.r ,:·;, : ... "• 

· .· may be t::ken .~t a series of temperatures- before depleti-on becomes . ·':).:·· -,: •. ·,X' . 
. 

. a factor. At high tempe.ratures depletion occurs rapidly and may 
. .~ . . . .·. 
. \ '-~' \ . 

..· .... ~ }"._;., 
...... .• . 
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significantiy reduce the measured vap~r pressure before the specimen 

comes to 'temperature.- This may be the explanation why the curves 

in Figs. 5-10 show low values at the highest temperatures. 

The following precautions should be taken during the vapor 

pr~ssure measurements of alloys by torsion effusion: 

1. After the sample is heated, one should observe whether the~e. 

is any drop in the angle of. deflection with time; this will indicate the 

. . 
depletion of the surface concentration. A. possible method for getting 

the equilibrium values i.s to observe the drop of the angle of deflection 
, __ 

' ··,:. 
·:," .: with time and extrapolat~_ the values to zero time. However, in the 

',•, ' ~ . . t' ~·- - ~-·. ' 
. .· ~-' . 

·present. investigation this me.thod was not successful. Since the rate 

' . 
of drop of the twist angle depends on the ratio of area of the. hole to 

the area of the surface, and it was not possible to reproduce. the 

~· . 

,. I .... 

. . -
' ..... 

surface area of the samples, which were in the form of fine particles, hence 

_ it was difficult to reproduce the data. Also for the lower manganese 

alloys the rate of drop was very rapid and the amount of deflection 

was very sensitive to time~ hence the data scattered too much~ and 

it was not possible to draw a smooth extrapolation curve.· . In order to 

' 
carry out a proper-extrapolation, one should also know the nature of 

the curve. TP,e best results were obtained by takingthe readings very: 
·, -

' ·, >-'/ 

rapidly to .get the maximum value- for the deflection; at a particular 

temperature. However, one has to be very careful to ensure that the .. 

cell temperature is close enough to that of the dummy cell, since there · - - . 

is always a lag between the dummy and the torsion cell. The time 

·., ~· ' ''' 

.• i, 

- -.. ~~. ', 

- '· 

h .. 

-
~ •,, 

·'· ~ .. ' ' .. ,·_.., 

. }' ' 
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from the pure manganese runs and it :w·as ·found to be short~ provided. 
· .. 

the torsion cell was preheated to 500 to 600° C .. As the torsion cell 
. •· : .0·~--

. 'f""_ 

·, ·.···. 
... 

J, • '• < ~. 

~J-: ;-.:~-... ·-?. 
;'w" 

t;,.• 

",( 

. · 

; . 

.. , 

block was made of molybdenum metal~ .the heat conduction was very.:. 
-- ... 

.good. A little more time than the estimated:time was allowed before' 
_1: 

·the measurements were made. Even so~ the temperature c.oefficients~ 
.. : 

especially for. low manganese alloys~, were difficult to. obtain. 
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IX. INTERPRETATION OF THE DATA 

.. . ' . 

. In the past~ various models have .. been proposed to interpret 

the thermodynamic properties of metallic solid solutions in terms 

of the properties of their pure·components. However~ the lack of·-· 
. . 1 

sufficient thermodynamic data and the complexity of the problem m·ake 

it very difficult to test these theories. The excess quantities~ which 

indicate the deviations from ideality~ are the m.ost significant thermo-

dynamic quantities in alloy chemistry. The excess quantities obtained 

in this investigation are shovin in Ftg •. 15 and Table V. The excess 
.· . ~ ·, .. - . ·~ . . . . . . . .· ,_. . : .. ;_·:_ ·. 

Gibbs energy of formation· is. fairly symmetrical throughout the compo-· .- ~ 

sition range. While the excess Gibbs energies of formation are con- .... 

sidered to. be mor~ accurate, the excess entropies can be better inter-: 

preted. The ideal entropy of mixing is 

. / .. ~ . ' ' 

. I. ' 
I 

and the deviation from ideality can be expressed as '. 

• > 
. . ~ 

.. ..,_.., 

., - ~· .. 

. ' . ~ 

; · . 

' . 
" ~ ; .. 

'-i'." 

The large negative excess e~tropies in this system c~ot. be explained 

by departure from random mixing. Especially at these high tempera-. 

·~-· .. . . ~ . 

tures any kind of· ordering does not seem to be very probable .. · 
. ··. 

The negative en.tropy~ however, can be due to .contributions . 

'', .. ;- ,: . 
'. ( ., 

•.,: 

·' 

. ~ 

~ .. _, ': .. I 

. · .. , 

. as discussed ir! papers .by Oriani and Murphy16 and also by Kleppa: 
7 
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'· . The diffe.ren:ce of atomic_ sizes -_might give rise· to ~positive:·: 

. cor{-~~;ibution to e~~~ss. :'~~ropie~~: ~ince. ~~e -d~~fere~~e·_:o~~-~:omfc>~iz2~:.:-· ... · 
. :· -.1' 

··.\ 

. , ..... 

: .;_ 

.. ·. 
; . ' .. 

• J," ... ,_. .. 

between irori and 'manganese is very small one might expect this 'con":'• . 

.trib~ti(:m t() be very small.· How~ver ~--the' difference in electronegCl.::_ 

· · · tivity may contribute a_ negativ,e. entropy, ___ :Q~:t!his contribution cannot'· 
.. . ·-· . . .. . .... . ·. _· ' . -. -. ·--.-~-~-~-- - _...;_ _-......_., __ ~; '""·· ~ 

' .... , .- ~ 

be estimatedJn a metallic bond.'' ·.'· :: .·· 

... ·,.: 

Several other major contributions ·to' the excess entropies can · 
• • • • . . ' . ·• • .. ' • . . ..-.. • • . i, : • . ~· • . • · .. --~ • . • . ·. • " ,:;J· 

' - ~ _.· 
. . ~ .. . ~ .. 

:·; ·~' - .. '· ·: 
'·.,.' '·. 

. -~-. 
be represented as follows-

. _-., 

',· :~ 

~.: 

~- . - -~ . . ' _. ,.: 

. '· ' . ' -~- .. · ..... )<' ' '\:;'•\i't.,.?(:;~:,:,_. . 
. · · xs . · xs ·· xs -·...xs · · · xs . · ·;, .: :~ -· ·. ·, . · _ ·, · ;' .. ': ::: ~~ , . , . ~ 

. . · · AS =-·AS +AS +AI'::) · · ·+AS· · · '~-,~- · ·-·· ···· ···· · · ·- ·-' .. .- . .;' ·., · ·- · 

. .:~~~. ·;r~; ;:~t.:; :~~<"'.i: .. yi~·;F :.. ;~l\t:1f' ':':1Yt :, ~ ... c(~~\5:;~jf;~.;l''~;~_1!::~;i~;;i~:\~}~;'?.(? . 

.. ~ ' 

..-~To. estimate' .th~· magnitude of'these contributions,~.: hoyvever~~~it would·.:."~·::~~··A .. ,'>· •.· ... 

. ~ · - ·,: ··J·• . ! ·-._ -:· :.~;) ~ ,: , . ·• ·: · •· · , '·:;.,·:;. · .·'" . · •• ,>,. ~~· · ,·~·; ~, '"'5;/:':_::·;.:~.~~,.)::; S? .: ~!: ·::)~~\::::3~~t~ ' .. - . 
be necessary' to know the properties of face-centered~cubic'iron,and~'<::,::~/');;':: <' ._:_" 
man~anese,. • UnfOrtunately itis not po~sibie to retam faCe-centered~·f:: X> • , . 

·· .. _.-,: 

cubic structures ·ror iron at low. temperatures and hence properties 

-of this structure of iron cannot be measured. Attempts mad~.by 

Weiss and Tauer18t~ estimate the p~op~rties:ofgamma fron are·. , 

questionable since it is very difficult to separate the .. different corttri;..:. _,:: 
. .• .- . - ·~ ~ . ' . -. ~ -· . ; ~:.!' 

· '· .... butions to the·heat capacity at low.te!nperatures. The'data ~n fac·e~/~ .. , .. ·: .. · .. 

. , ·· · · ' :::::r::~::t:::::~a::g~::::.~:~:ec::~::;S:1~::::::.,:~ • .:~~;~~;!;!0~,';[:{. 
The vibratio~al excess. entropy AS~~b. for tempe~atures above the,. ·:. t. ... : :: .. ,, '\,. 

~ ~ .. 7'l· ~:. ' . 17 ' . ~ .r > • 

C : ' , ,Debye temperature 8 can be expressed as ·.. ' . . · .. · , . ,. <';,; :~:•::_:')/ .:·: 
-~- ·,' .. ; ·,~:·~L~ 0 • ~~,, 

-~~~ J,_·4 .. ~···- •.• :.~t.. '-••;;·.·.1-". 
'-. • 4 _: l :" • i . • ' '• . • ; . . ., • • -:. : • "!'< .. <!, • " •• '"' •• ~ •• ~ : ' ' ~· ·-.. ~ . -~ . . . . ~ 

; .~ 

' -' 

•."'":·· 
:._.:~~· . t _i' ' ... 

_.-,. 
·-:·. 

' . . .!' · . 
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. ' 
!,' 

'' 
where . .6.6 = e .. 

Fe :Mn 

and 

. . 1-x ,.~.;. x 

·x· = x 
Mn·· 

-~ ·, . 

.. _,.. ·. 

'.-' 

.-!.. 

[x6M. ··+(f-x) eF·· .. · ·_] . 
· n . e 

,.· 

'. ~ 
:.,. .·. 

r-< . ~ • 

'·,· 

Depending on the deviation of e for the .anoyf~om _the linear _ 

dependence on the composition~ ·the vibrati-onal contribution to the. · 

excess Emtropy will vary.;. A positive deviation (higher frequency of 

vibration) will contri~ute a negative excess entropy of formation. 
19 - . . . . 

.·Wei~ Cheng and Beck have measured the low temperature heat 

capacity of an alloy containing 45 atomic percent manganese and 55' 
,.,. 

atomi.~ percent iron and they report the value for eau~yto be 482°K.· 

Estimations of 6 values for iron and manganese indicate a positive 

·. - - ~· : { . ..... -

. ;• 

',"•!- ·.:0. .. 
. .. . : . ~. 

·, -.,. 
,·. 

' ' : .. 
~ . . ' .. ' ~ 

... ~ 

,1· ~- -· . ' ...... · ·. ~. 

...... _ 

·. ·: 
.· ,· 

·, 

.... -· ; 

. . . .... ·. ·-~: . · .. · .. 
·' .... ~ .... -.... . . ~ ' . ~. 

. . . 
c i -~... . ... ·~· 

t-·"' , ..... 

:~- ' . 
~ ' ~ .... 

' :!' ~ •.. '; ....... 
'• ... '·' 

' : . i ~ .. ; r- ,.; 
1 ·:· 

deviation of e alloy from the geometric mean _values for the RUre com..,:· 
. . . -~ 

ponents~ and this will contribute, t_o a negative .6.S~~b •• 
xs . 

The electronic excess entropy; .6.S el. ·• term depends on the . 

· changes of electronic specific heats that occur upon alloying~ If .. 
·'·. 

. . ' ' ~ . -,· 
.,., ..... 

-~:·r . 

the electronic heat capacitie~ depend linearly on··the absolute teil1per~:· ··.:_:·~~:.),:~;:···. 
· · E E . · . · ·~ ':-·:::· .. ·_:_._.:._~_:-·~- '.~· · .'~·.:~~t:._~-~::· 
atures (C = 'Y T) we have an expression for the elec~ronic excess ·. 3·;.:;_ ·: .. : ?;.' ;o 

. . 17 
entropies as 

' . ' 
... ' . . 

... 
J .. 

-• .·.·· 
·., .. -: 
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·Wei#. Cheng and·Beck measured the low temperature heat capacity ... ~' ·· 
. . :.: . . :.. ) . . . . , . · ... : > / , ' : . . .··. E . . ' ·. \.::.~ ·( :~· '·· . ~ .. • .. . ' 

,'of a 45 percerl.t atomic•J:ron m:anganese alloy and found 'Y .forthe alloy::\'i·'... ' 

··.to be 14. 6 ~ ;0"4 ca!'f,~.itolll de~ree. Howev~r~ a~ presentiti.s not,'~:J·1\~:<. . '! 
. possible to estimate the' electronic contribution ~0 the excess entropy:-::;~<} . 

.. :... • '. · .... , ·.-~ • t 

··· ::~a~;i:~:~~;~;~,~~8~i~~~r~~~~.@~~":;e:ed.ri~.:1r.9~ :0:;f,·I~,1~i~~~ff:;,~;: I 
··'·:~fi( .. Ari an~ly~~s· cif 'tHe:. ~ontroib~tioti'tci.·tbe.e;cc~ss -~ntr~opy_'f~om. tti:e'~-~-~ .. ,~.;.~:· ·<:·}::<·· .. 

, \:·.~"': ... . -~. ~,.:~:r··>:'; .··-·. :t .• ···t ..... ~ . ~/ . ~i~ ··' ·. .. . .. ··,:· ~ ~·_;··.~;-~>·;~qk·.;i>F~> .. ;·--~~-r·--;~-
magn~tic.·properties of the alloy aiv:l its 'pure constituents has 'beeri'-~ :-;:·:;:_;,, :·~< :-:-: ;:: .· 

. . ' . . . ) ' . ' ... , 

.... i .,. : .,· 

.made16# 17ror silver-'pallad.ium alloys where the.magnetic·propertf~s ', . ,·, f. '• ~. ·,- ' • 

. :.-"';· . . ·.- ~ ·~· .. 

. . 

of the elements and tht;! alloys ar;e well kno\vn .. If one of the pure 

. >::ponents has an. unpai~ed·electron whicl:l is pai:red ·by ari electron in the·, 

secon<.i c·om:poliEh').t. tipori.alloying, :: thiS(.'Will contribut~ to the excess 

entropy depending on the degree of ()rder 'in the orientation of the 
. . ' . . . . . . ~ . . . . . . . . ' ~ . '. ' ' 

·r •. 

·.r· ;r: 
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¥· CONCLUSION 

The activities of manganese and its tempera~ure coefficients . 

between 1240° and 1510°K in the iron-manganese system have been ·., .. 
..... '. 

measured by Knudsen and torsion effusion techniques. The heats of 

formation calculated from the pre~ent data at 1450° agree fairly well ·.· . < 
.... ·- ., -· 

. with the values obtai~~d previously by acid soluti~~ -~~i~ri-~et~y and 
' .... '-

. . .. ..... .. ~ . . . 

heat content measurements by Kendall and Hultgren. 12 The relative 
.. · ·'~ 

partial exces.s Gibbs. energies for the manganese component obtained 
., ';, 

by this investigation are 100 to 700 cal/ gram atom more positive than· 

. · ... the values obtained pyButler, 'McCabe and Paxton11and Lyubimov e't ai. 
1.~ >:. ' .. 

... 

.. 

~~- "';, ~-~ .'> 
. . This discrepancy is attributed to the deplet:lon of surface concentration. '< ·' · 

• J • ' • ' 

of manganese in the alloy in the previous investigations.· The present 

d 
. . . d . 13 

ata agree···.very well with Smith, Paxton an McCabe •. 

A severe surface depletion of manganese was observed duriilg 

the course of the experiment for alloys containing less than 40 atomic, 

percent manganese. The increase of rate of diffusion of manganese by 
. . . 

.·. 

125. percent when the manganese concentration in the alloy_was increased 

. 15 
from 4 to 60 atomic percent as observed by Well and Mehl tends to 

. . •, 
._,· : I~.·· 

.t• 

.. '~ ' . - .. 

·confirm the presentobservation that the surface depletion becomes more·· q·>,, . . 
·~. ... . ~· 

. sigriificant for lower manganese concentrations. A few possible solutions > 

to overcome the depletion of the vaporizing component at the surface of : 
; 

. . )~ ...... the alloy have been suggested. An attempt has .been made to explain the. 
,. ~ . ' : ~ ~ 

~.: r: ~ · ... 
observe~ rather large negative excess entropies of for~ation in terms of· ·· .: , 

. . ~ . . ... 

. the properties of the pure comp~nents. .'.' .... ·-· 
~ .... l.· 

·:.::-·.· ... · .. 

·.- · .. < · .. ·: 
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TABLES Illa through Illf and IVa through ry.t 

Assumed values for pure manganese used in calculation (see ~eference 10) 

/ 

6Hv~ 298 - 67060 cal/g-atom 

llS 'Y-o = 0. 30 cal/g-atom deg. 
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• ~- '.1 ' .. ' 

·-,,·. -·.:. 
'- ·~- -~ ; .. - -~·: /·.· '·" . ·; '·' ,(' . '. 

. "2 
·Hole AreatvO. 0015 em 

.. ~-: .. .;;. .. ~ . 

·Ribbon'No/ :(:·· :.· ' , .. ::•· 

,. 
1311 

; 1332 
1346. ·. 

1356' .· 
"1368-· :~ 

. 1381· ·. 
1402 : 
1414 

'1430 
1445 
1457 ., 

' 1471" 
1481 

'' 

* . ·. -'5 
·Deflection . PM ·, 10 atm 
Angle, deg. n · 

-~ 

3 .. 00 
4.40 
5.50 
6.70· 
8. ?O' ... 1o;.os I • .. 

14.30 
17.50 

.22.15 
·:27. 60 
:33~10, 

.40.40 
,47.75 

· ... 

;,_ 

·6.493 . ' 
9.53.-4 

12.15 
14 .. 53' 

\17.79 
.·. 22: 08 

31.05 
.37. 52' 

., 48.02 

,· 60.13 

! ' . ,.l·_, 
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. 71. 80 • 
:f' 

-~.87.74 

,;10}.~ 7 

2.1. 64 
21. 67 •'' 
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21. 69. 
21. 70 
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21. 71 
21. 44: 
21.68 

;:'-' 

"".:21.79 
21.69 
21.72 
21. 28 .. ; 

6~ 510" 
9.548 

11.94 
14. 54 
17_~ 79 
21.:81' 
31.03 '>-< 

:':37.98 
~-48 07' 

' . 
59. 89 ., 
71. 83 
87.67' 

.·. 103. 6 

. ' 
I,· 

·~ .. 
' .. 

' "67053 
67050: 
67113 < 

67056 ·:. ... 
67057 , __ ,·· ';:'' 

-'' 67094 ~.:;···· 

67048.~. 
67025 ··::. 
67071 
67086 

. 67058 . 
67060 
66996 ·. 
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.TABLE !lib 

<;:alibration of the Cell Assembly with Pure Manganese Sample 

' 2 
,Hole Area"'O, 0015 em Circular wire 2 mil diameter 

T°K 

1314 
1336' 
1361 
1381 
1404·. 

.1428 .. , . 

(1454 
1481 
1453 
1428 
1358 
1313 

peflection 
>:C 

·~Mh' 
~ngle~ deg. 

' 1. 65' 6. 
2.40 10. 
3. 75 ' 15. 

' 5. 25 22. 
7. 60 l 32. \ 

lLiOO 46. 
16.30 68. 
24.10 101. 
16.05 67. 

f11. 00 4(). 
3.55 14. 
1. 60 6. 

10 a~m 

-
)5 9~ 

H 
a:.. 
Oi 
1~ 

42 
79 
6 
61" 

) 

) 

3 
) . 
• 

' j 

l 

42 
9S 
75 2 

.. 

Factor . 
>:C* -5 PMn' 10 f;ltm· 

io~~tm./deg. 
' 

.. 
42.15 6.963 
42.45 10.13 
42. 19 15. 83 
42.06 22.16 
42.26· 32.07 
42.20 46.42 
42.20 68. 79 
42. 16 , 101. 7 
42.16 67.73 
42.20 46~42 ' 

42.23 . 14. 98 
42. 20 6. 752. 

' ··6 
.j\verage Factor: 1° deflection= 42.20 x 10 atm 

'* ' 10 ' !? Mn tak~n from ref 

** > 

P Mn calculated from the ayerage factor. 

v· 
6.H

298
, cal 

67023 
67104 
67054 
67040 
67079 • : f 

67063 
67055 ' 
67042 
67040 
67063 •' 

' . 

67085 
67067 
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' • .... ~. ,l ·TABLE IIIc 
• .. -_,_·. ·_.· ."·r 

:.·'" . ' 

Calibration_ of the c'eil Assembly with. :Pure .M~ga.Il~se. Sample.· ........ 

·t--. 
·~ e .) 

. ·.· •. ,, 2'.-
Hole Area"'O~ 0028 em 

_Deflection 
r 
Angle, deg. 

.. ' 

- * . -5 
PM ,_10 atm , n 

-' 
. ... ' .·.r· 

.-•: 

Ribbon· Na~il : · 
.·· 

.... 

62' 
! 
i 
l 

L". "• .... .. ... 

1313 '5.60 6.742 12.04 6.854 67021-':' .. '? 

1335 8. 00 10. 0,4 12. 55 9. 792 67157. 
1359 12. 45 15. 23 12. 23 15. 24 - 67061 ';-
1377 17;00 20.67 12.16 '20J.81 .67042 
1405 ·27. 20 32.61 11.99 33.29. -67009 "~' :_. ' • ·--·' __ ;:t • .,., 

1430 38.00 . - 48~ 04 12. 64 46. 51 .. 67150 .. -
1455. 5n18o . ... .s9. 91 12 .• 10, . . 10.75 67039 

; ~ 
-~ ·' ; 

1289 -. 3.50 -:·.,- F · .4.312~ • •. - 12.32 \_. , .. 4.284: ·' ·. 67076.:: ... 
1336: '' -8.40. ~~;·;;~ .1::~;~~/.10.-:22 ~:::ilt::. (\/;l2. 17:<~~;;. -~--: 10. 28<-~/\,, •': 67052 ::.>;~: :: '·<;.l 

- .- 1~333~7-~7;:_· TI~: ~!};~~~; it!~-f~:'~~,~~ I~'~']nt~\t~ ~1~.-i~: ~~:]~;'• r:~~~~ >~~i:, . ) . 
. ,16.65 .:·. : . ....... 20 •. 67 ,, - ··' 12.-41.,.'!' .. -.\- 20.38"' 67099,,.-,,, 

:. ·1391 , 2i. 25 \·:··~~·( ':_:''~~ 26."0{ './" ?; ·;:~.'.: 12~1 27' '!':. ,;n 26.01 <'"~'·i. '67065 ,:>' 
~ ·. . 

1405 . 26.60 32.61 12.26 32.56 67070 .·_ 
. 1420 -32. 40 41. 19 12. 33 '. 39. 66 ·.. 67173 . -.. · 

1437 44. 20 -- ·- 53. 32 12. 06 54. 10 . 67019 
1451 53. 60 65. 57. ' - 12. 23 65. 61 67058 

) 

·-1467 68. 50. 82. 82 12. 09 ;_ 83. 84 67023 

·, 

.,. 

< ' 

. · 

' ~ 

. - ··. . --6 .. _-. 
.· Average Factor:: 1° deflection - 12. 24 x 10 atm 

{ 
·; t \ •. ,'. 

. -;~ ... 

,·,, • .. 

' -. 

"•. !I 

'• -~ . '\ ·,_ 

J 
. ' ·, l .-.: .. , .. : : . I . 

. .. -- . · .. 'J .• ' "".,.. ·. 

·~ . ' ... • 

.... -~ 

·."r 

·.· 

. ~ .· 
• c -~' • ~-

. ./•: .. ·: 
' . ~: . _. . 

. ·., .. 
. . . 

. -; 
--~-

. ,;r .• 

. ,._ 

·, .. ' 

·,, :! .1. 

.. 

- \ . 

·' 
~ ·. -

:_,_ 

_, 
'· 
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----- ----. :---------- -- -- -
TABLE II!d 

,Calibration of the Cell Assembly with Pure Manganese Sample 

' 2 
. Hole Area"'O. 0028 em Circular wire 2 mil diameter 

' 

* -5 ** -5 --- v 
T°K· Deflection PMn' 10 atm Factor .p Mn' 10 at:m. ~H298, cal 

Angle, deg. -6 
10 atm. deg. 

' 

1311 3'. 40 6'. 493 19', 09 6'. 338 '67122 
1322 4.30 7.964 18.52 8.015 67042 
1342 6~- oon 11.36 18.93 11. 18 67102 
1360 8. 35 . 15.53 18.60 15.56 67054 
1367 9.35 17.46 18.67 17.43 67064 
1391 14;,2_9:< 26.06 18.35 26.47 67017 
1414 20~10; 37.52 18.67 ' .. ' 37. 47 ' 67063 
i431' 27. 60 

i 
50.18 18.18 51.45 .66911< I \ .. , 

-·.i· ,. :. 
. ' 

,-_ 

1445 '' 32.25 ' 60.13 ' 18.64 
. 

60.11 .67060 
1464 42. 80 79.40 18,55 79.78 67046' 

-1476 49.20 90.58 18.41 91. 71 67142 
1443 30.50 58. 36 19.13 56.85 67128 
1420 22.15 41. 19 18.60 41. 29 ' 67089 
1391 13.75 26.06 18.95 ' 25. 63 67105 
1361 8.80 15.82 17.97 16.40 66962 
1324 4,40 8.232 18. 71 8.202 67070 
1312 . 3,50 6.625 18.93 6. 524 ' 67098 . 

. ' ' -6 
Average Factor: 1° deflection = 18. 64 x 10 atm 

* 10 P Mn taken from ref 

** PMn calculated from the average ~actor. 
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,Calibration of Jhe Cell Assembly with Pure _Manganese _Sample .. ,, .'·" 
• .· • • ·- ·•• ' 1 • . ~ - • • ... 

. . :· 

·.-·,: 

. . ·.. . 2 
f!ole Area.vO. 0028 em 

-. ~· . . :. 
·.Ribbon No ... 2 . !, . ·. , I . . ·~ 

.. '• t ... / ;, : ·:;_·~. ... --. '.._~· 

r------r------,------~r---.,...:-----r--......-;_..---.----------. ..... ' 

1315 
'1332 

: 1356 
1373 
1394 

\l4li6'i 
1432. 

.L45.3 
'1468 
1480. 

; 1449' 
·_.,')420_.· 

:. 1381. 
1354 

·.:.1:322 
1267 

. De flee tion 
I 

Angle~ deg. 

_5.60 7.156 12.78' 
7:Bo ~.B77 12.73 

11.10 14.53 13.09 
."15. 20 19.35 12.73 

21.25 . 27. 32 12. 86 
3L 60 · 38. 80 12 •. 28 
'39. 20 50. 18 .' 12;' 80 ' 
52.00 :67.67. . 13.01 ' 
66. 90. . ·.,(.:.:£·84;12.. ~ ·· 12. 57 

' . 80. 80 ' :}.': . ;f'·-~i;99 82 >:: 12 35 .: 
. ... 49. 80 ·.. . ~~.;~:,: 63: 82 ·.'' '.: 12: 82, 
.:· ,.31. 40 ... ·. 41. 19 ~,,. __ .- _13. 12 

. 17.35' ,' ~. 22.08 ·. . '12. 73 
10. 80 14. 05 13. 01· 

6. 25 7. 964 12. 74 
· 2. 10 . . , 2. :no 13. 19 

7. Hl8 
9,728 

14.21 !· 

19.46 1 
27.20. '!. 

. 40. 45 
50.18 
66. 56 .. 

/'}.85.63. 
· ''io3. 4 ·. 

.·63.74, 
40.'19 }•: 

:'22~2f'(. 

·~ 13. 82 
8. 000 ·, 

66992 
67121 , .. 
67115 

. 67044 
67072 

. 66928 
67016 .. ,, : 
6 7109 -:~.-? ':i 

''." ~. -~·-. ·~ 

66985 -~ .:.,v> 
66927 _.,,·:. ~ ' 

·':. > 

6706o··:J{'·.? .. 
6 712 2 '{':'-(\( :~.:.·.j: 

·. ' '67043 ,:;_;-~:· .· . i 
67091 ·I 

• ·.67074 ·.1 

2.688 .. · .. 67167 ·_;··' 'I-
I 

~----~~--------~----------~-~-----~~.-.-. -------~--------~.~.~" .. ;. l 
•; ' ... ,. 

~. ;' .. 

. ' ·.·· . ~,6 ; . 
_· ·, . Average Factor:·, 1 o d~flection = .12. 80 x 10 .. · atm ·' 

' ; 
i 

·, .. 
. ~ .. ·. 

., ' t:.'· ~ ... :-
\ ' .•'· 

1 
. { . 

. . ~ . 

. . ·~ .. 

"•. 
'··; 

... ~ 
.. ' ~ :~ ~ .r: . . ~· . ' 

,,. 

, " 

.. --:•' 

* . . ' . ' 10 
P Mn. taken from ref 

** ; . . . . , . 
.. . .P Mn calculated from the. average facto~. : :.:· < > :· ... :,~· . 

I • -'. 

. '.·, 
. '' 

!. 

... .. · .. 

.. : ·'. ' 
:~ . ' .. 

. ~ \ ' 

. l· . 

.. ..... 

··, ~ • •,' .;. '0; l. I •f- ' '•.~:'.~'· I~ 
.·. ' .. 

., ... , . 

: .. ' 

'· .. i,: •. '< f ~L "\ 

. ·,. . ; :" ~. \ .. ·:·~· ' 

'.· ... · 

-•-. ,! ·. ·. r• /f.· 

' . 

... 

·l 
) 
r , 

. ,· .. 

~ .\_·~:'\;. ·~: ... ~- :~··.,·:·,). )i Y,, , 

.·.. :,e';i}!t~rn:{:;.r · 
~ :' ... ~-~ • ·: ".;.~ '~;+_~ '···· :~.; ·~~:·:~~-, 

~ •. : :'.: ,/-. ~· .. ..l' ., 4 

., •: 
'.'•: 

.· ,. 

; ·.·: .· 

·.;, 
··"• ···," 

'·. 

,•; ..... ·· 
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TABLE I!If 

,Calibration ·of .the Cell Assembly with Pure Manganes~ Sampie . 

' 2 
Hole Arear-.~0. 010 em 

'· . 

Circular w1re 2 mil diameter 

* -5 *'* -5 .. v . 
T°K Deflection ·PM , 10 atm ,Factor :?M • 10 atm AH

298
• cal 

\ Angle, deg. 
, n -6 . n 

1246 
1267 
1289 
1313 
1337 
1359 
1382 
1406. 
1432 
1454 

.1482 
1455 
1406 
1359 
1315 ~ 
1267 

10 atm/ de g. 

;. 

3.30 1. 834 5.56 1. 861 
4.90 2.7.70- 5.65 2.764 
7.50 4.312 5.75 4.230 

.12.20 6., 742 5.51 6.881 
' 18~:4Q<i. 10.37 5.64 10.38 
. 27.05 15.23 5.63 15.26 

. 39.45 22.48 . 5. 70 22.25 
. 58·. 65 .. 33.08 5 64:, 33.08 J . 
. 90-. 00 \ 50. 18 5.58 50.76 
123.00 '. 68.7.9 5.59 69.37 
184.10 102.<L 5 •. 58 103.8 
122.00 .69.91 5.73 68.81 

58. 85 33.09 5.62 33.19 . •, 

'26.60 15.23 5.72 15.00 
12. 85 7.155 5.56 7.247 
4.80 2.770 5.77 2.707 

6'· 
Average Factor: 1° deflection = 5. 64 x 10- atm 

* . 10 
PM taken from ref . n . 

I 

** . · P,M calculated from the average factor. n . 

67028 
67098 
67109 
67010 
67062 
67070 
67088 
67060 . 
·66980 

. . 
'i . 

• 67035 
67036 ./. ,· 

67090 
67050 
67117 
66963 
67151 

. . . t . . . . . ·. ~ ,: ·. 
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.< 

TABLE IVa ... ,. . "' .. 
• 't '··' 

'. ~ ·,. 

.· M~ganese.Vapor Pressure by Torsio~ Effusion Technique 
. I . . . 

XM = o. 09 n . 

' ,:. .·,, I •'•. 

'•·. 

. . . . 2 . . . . -6 
Hole.Area ... o. 0015 em ; Ribbon No. 1; :1~·; deflection= 21.70 x 10 atm. 

1409 
1458 

. 1485 
1512 

Deflection 
Angle, deg. 

.2.00 
4.40 

.. : 6. 25 
: ·: . 8. 55" 

' '•.'' . 

. -5 
P, 10 atm 

4. 340 
9.548 

·. 13. 56 
·. 18. 55 

a . 
Mn 

. . o. 125 
. 0. 130 
'0. 125 

I• · 0, 118 

912 
~ ~ ~ 

1064 . 
971 
810 

.66 

. . 
' .. ,:_, ' 

.. · 
. ~ .. 

. .· . 2 . . . . . -6 ·. . .. · 
··.·. ·;· Hole Are8fo'O. 0028 em ; Ribbon No: 1; 1°. deflection = 12. 24 x 10 atm ... 

. ;~.... ~ ·-•: . 1359 
. 1383. 

1406 
. 1432 
··1456 
i484. 

. ' '1509 .,. 

.... . . . 1. 50 ' 
' . •! 

. ' 2. 30 \ 
'... ·~·3 35. : ,2. 

':~ 4~ 95; ,~:;, 
. 7. 35 . 

::lO.lf):· 
13.45 

1. 836 
· ... 2. 815 

'4. 100 
~~ :' ',;,. . i· . ' . 

; . 6~ 059 
... ·.~ .8.9.96 
t•·-··12.·42'' 
. ~ .... 16. 46 -~ .<·' .. 

.·.0. 121 
0. 123. . . . 

> •. 0, 123 .. 
· · o.\22 · 

. o. 127.. 
·o.JtT , 

·., 0.113 

.779. ' 
. 853 

. ·: ; :; ,~: ~ :~;,:\' . 

· .. ,, 984 . 

75 
679 

·i 

Hole Area,..... 01 cm2·; 2 mil :<diameter wir~; 1° deflection=· 5>64 x io..: 6atm ;· ; .. 

1312 
1334 
1357 
1382 
1406 
1428* ' 

·.,· 

. 1313* 
,. ~~ 

1359*. 
. 1407 .. 

··"'· .. •,· .• ,.· >t 'j. ' 

. ,. 

'; 

·. ·. 
'. 

o- ··"'' . ,~ 
I '•-" 

..:·,..:' : . 

1. 35 0. 7614 0. 115 
2. 10 . 1. i84 o. 119 
3 . .15' 1. 777 0. 122 
4. 80 2.707 0. 120 
7.05 3.976 . 0.120 
9.50 5. 358 o. 115 
1. 45 0.8178 o. 119 
3.30 1. 861 0; 122 
.7. 35 .. 4. 145 0 .. 123 

· -xs · ·· .. 
Selected ASM = -2. 80 cal/ g..; atom. de g .. . ·. . .n . 

• ' .. l 

* short runs 

633 
730 .. 
777 
793 
802 
692 

·. 716 
816 
870 

·.·. . '. 

.... ; .. 

' -~ .. 
-~ • •·. 1'~·, . 

' ~ "' . ... • ¥. 

... <... . -~ i . i~'; .. , .. . (' 

All valu~s are ref~rred to gamma Mn as t~e st:;mdard state~> 

i . 

, ':_"-

~ ·. . ... 
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TABLE IVb 

.¥anganese Vapor Pressure by Torsion Effusion Technique 

'• xMn = 0. 197 

2 . -6 
Hole Area.vO. 0015 ern ; Ribbon No. 1; 10 deflection = 21. 70 x 10 atm. ' 

Deflection 
-5 ..66-xs ···-T°K .P, 10 atm aMn Mn 

Angle, deg. 'Cal/ g..,..atorn. 
-,---

1334 1. 15 
I 

2.496 0.251 639 
1356 1. 65 3. _581 0. 241 539 
1382 ' 2.60 5. 642 0. 251 668 
1405' 3.90 8.465 0.260. . 772 
1431 5. 85 12. 69 0.259 784 

. ' 
1456 8.35 18. 12 0.255 752 
1482 i 12.00 26.04 0.252 725 .. ; 

1508 ' 16.95 : 36.78 0. 249 702 •. \ •· 

' 2 
Ribbon No. 

. . -6 
Hole Area"'O. 0028 ern ; 1; 10 deflection = 12. 24 x 10. ;atm. 

': 

1312 L30 1. 591 0. 241 52.1 
~ ,: '.'1335 2.05 2. 509 0.247 ' 602 

' 

1359 3. 10 3.794 0. 249 634 -
1377* 4.25 5.202 0. 252 673 

1406* 6.95 8.507 0.257 747 
1430 10.00 12.24 0. 255 731 

' - -6 
IHole Area,vO. 01 ern 

2 
; ·2,i.inil:diameter wire;. 10 deflection = 15. 64 x 10 atm 

~ 

1290 1. 90 1. 072 0.239 496 
1313 2.95 1. 664 0. 242 540 -

.·. 1337 4. 60 2.594 0. 247: .. 606 
1356 6.45 3.638 0. '251, .. 653 
1380' 1 

9.85 5. 555· 0;256 721 .. 

1407* . 14.95 . 8.432 0.251 676 . . 

: 1359* ; 6. 65 3. 751· 0. 246 603· 
1406 15. 30 ' 8·. 629 0.261 787 .. .. · 

• .. . . .. .. 

-xs 
Se:ected D.SMn = 2. 42 cal/ g-ator_n. de g. 

* short runs · 

AU values are referred to gamma Mn as' the standard state . 
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l'ABLE IVc 
. ·_: 

:Manganese Vapor Pressure by -Torsion Effusio·n Technique · · 

·Hole Area,vO. 

'T°K 

1336 
1359 
1383 
1406 
1431 
1456' 

Hole Area""'O. 

1288 
1312 . •,.· 

-133'7 
,.f·· .t·' 

1357. 
'· 1382 

1405 
1430* 
1315* 
1359* ., 

1406 
··- ..... 

" 

., ·. 
·, '· . ·..~ ' 

xMn=0.253 _; · .... 

2 -6 ' 
0015 em . ' Ribbon No. 1; 10 deflection = 21 ~ 70 x 10 atm. 

-5 
,, 

-xs ·---· 
peflection 'P 10 atm a .6.G . .. Mn Mn ; 

·Angle, de g. 
cal/ g-atom. 

" 

1. 45 3. 147 0. 306 500 
. ' 2 . 20. 4. '/74 0. 313 573 

3, 40 7.378 
,. 

0.323 666 ·, 

4.95 
.... 

10 . 74 0.325 695 .' .. 
7. 15 15. 52 0.317 642 

10.00 ·21-. 70 0.306 - 547 
" 

0028 
2 

Ribbon 1; 10 deflection 
'' -6 

em . No. = 12.24 x· 10 atm~. • -. 
' ' 

.,,.. 
."~-. ·. 

" 
. ' 

; . ~ . .... 1. 05 
.. · ,. 

o;. r 285 0.300 ~4 •• 

_, 
404' - ·. . .. .( ·:~ ~ :. ; .. •· 

' 
-' ' '- .476 1. 65.:: ,. . ' ,;, . 2. 02'0 '' 0. 304 ~ ... ., 

" 

2. 65 -~'3 .. 244 •.. ,. 0.309 .• 530 .. ,. 
'' ' ,. 

·-· ,. :.'4. 65 f ·:· :,· ,' ' 
·. 

0 .. 315·>;.: 
_, .:•._.· .. .. -. 3. 80 ' . :- ,, · __ . 590 ., 

·"'·• 
\\ .--.-~ 

,-
'. . ' 

5. 80 7. 099 0.316 ' 609 " ,. 

,, 8.50 10. 40 ., 0.3i9 '·:·;. 645 
'' . ,, ;J.2. 55';< 15. 36 \ 0.319 660 

1 '·>. ~. 75' ~; 2. 142 0. 301 448 '' 

3. ~5 4. 835 0. 317 
., 

609 ·'' .• 

. ' ... , __ .· 
~- .. ; ':.~ ' 

8. 70 . '·10. 65:j·' ... 0.322 672 . .. ' 
) ' 

' 

I' 

' :; ·' 

. ..... 

.·.::.-.', 
' . 

2 ' -6 
Hole AreaN0.·01 em • 2 mil diameter wire; 10 deflection = 5. 64 X 10 atm. 

•· ·.·]. 

,·' 
• 't· . .. . , ,, 

-
1290 2~ 35 1/325 ' 0.295 394 > ' 

1314 '3. 75 ~-~· 2. 115 0. 303 466 .. .• '' 

1337 5. 75 3. 243 0. 309 530 
1359 I. 8. 40 4:-.738 0. 311 554 
1381 11. 95 .. '' 6 ... 740 o:3o5 514\, 

3.-': ':OilAO 5 ,. . ' 17. 45' 9. 842 0. 282 306. ; 

' 
· .. ( ..... · 

r -~ .: '\.•: I"' .. _., .. · · .. ·· 
'. ' 

·_· -xs · · · . · .. ·. · - · 
Selected .6.8Mn .. = ~2. 2~ cal/g-:atQI_I.l, _ deg.: .. ....,.~ .-·-~ ____ ..... 

·,. 

*. short runs 
·._ 

!. 

~ . • ! ·~ .. 

".-:•.,ii: 

All' values are referred tO gamma Mn· as the ~tandard stat~---~--·· .. · 
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TABLE fVd 
. . 

Manganese Vapor Pressure by Torsion Effusion Technique 

xMn = 0. 318 

2 
Hole Area""O. 0015 ern, Ribbon No. 

-6 
1; 1° deflection= 21. 70 x 10 atm. 

ToK 

1313 
1331 
1356 I 1380 
1403 
1428' 
·1448 
1477 

: 1506 .. 

Deflection 
Angle~ deg. 

l. 20 
1. 60 ' 
2.50 
3. 85 
5~l45 

.8. 40 
11. 45 
17. 50 

., 
'• 

t .25. 90 •' ~ ' . 
.. 

' -5 
P 1 10 atm 

2.604 
3.472 
5. 425 
8.355 

-11. 83 
18.23 
24. 85 
37.98 
56.20 

J 

aMn 

0.378 
0.367 
0~374 
0.385 
0.387· 
0.392 

._0. 394_ 
0.394 
0.387 

I -'"'XS 

t:G-Mn 
cal/ g-atom. ____ 

455 
382 
442 
529 
550 
597 
623 
634 
598 

2 
Hole Are31VO. 002 8 em ; Ribbon No. 2; 1° deflection= 12. 80 x 10-

6
atm. 

,. I 
1312 1. 90 2. 432 0.367 380 
1335 2.90 3. 712 0.359 32 7 
1,358 . 4. 45 5.696 0. 381 488 
1381 6.65 8.512 0.386 " 533 
1405 9. 85 12.61 0.387 550 
1429 14.40 18,43 o. 389 577· .. 
1455 21. 25 27.20 0.396 641 
1482 . 31. 05 39. 74 0.384 ~ 560 

Hole Area..,o. 01 cm
2; .2 mil diameter wire; 1° deflection= 5. 64 x 10-6atm. 

1289 
1315 
1338 

I 

1359 
1383 
1406 
1430 .l· 

.1457 

2. 85 1. 607 0.365 
4. 65 2.623 0.368 
7 .. 10 4.004 0.375 

-1o~ 25 5. 781 0,379 
15. 45 8. 714 0.381 

- 22. 45 ' : 12.66 . o. 383 
32.00 18.05 0.375 
48.05 '27.10 0.371 

Selected 6SM:xs =r -:11 
•• 99: cal/ g-atom. de g. n . 

358 
385 
439 
480 
501 
522 
475 ' 
487. 

All values are referred to gamma Mn as the standard state 

... 
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:TABLE IVe ·> ~ 

.. ·-_··,':_) 

... ... - \• 

.. ;_, ~ ... ·-.. 
~ . ; 

... 

.--·~--.-.--: -·:·c... I 

. . .. 7o· I 

I, o ~: 0 ' 

. ' -~-- ·_( . -·.-

t 
f 

-' . . : . . :. ,;,- . .. .... .. . .. ' - . ( .·':. •' -·.. ' - ~ ·. ' ' < ·-. ·: ,. -· ·: 
Manganese· Vapor· Pressure by Torsion Effusion· Technique .-: · ... 

' ~1 • . · ... , 

1335 .· 
1361 
1375 
1404. 

'1428 
1459* .. : 
1382* .. 
1431 . ~;..; * .··. 1456 •;: ;. 0 

.. . 

. ·. -,;· 0 349 XM . • . n . . .. 

Deflection 
:Angle. deg. 

1~90 '4.123 
,. ... 3. 00 6. 510 

. 3. 80 -8. 246 ·, 
} . ·:a. -20 --,- !-_-_ ;- i3. 45 ----· 

9. 10 19. 75 
.. ._, 

14. 55 "'. ;:_:31. 57 
4. 35 ".< ·. . . 9. 440. ' ;. 

'-~9.70 .... u·; :·21.05 
.- ' •' ..... \' ·' 

<:·14. 05 . 30. 49 ·.:·.'. 
.·.• ·_ .· 

a 
Mn 

• 'f' < 

·.', ·. 
. -' ·-~ . 

:·-..:_:.\. 

· · -xs-·-~: 
~G 

Mn .... · 

' . -~ 

;! __ .. .. 
'· ' ~ .... . . 

~ .. . .- .... ,._ ... -. 

cal/ g-atom; ·. · 

~ ' . . . 

412 :. 
. 452 ... ,; .... 
473 
519 
567.: 
590 

. 519' 
:607 .:· 

":'' .613-::·. 

.. :· 

. . . ' . 2 .· . . . . . -6 
Hole Area"'O. 002 8 em ; R-ibbon No. 1; ·1o deflection = 12. 24 x 10 atm.· 

I 
-I 

... .. 
1313 2.25 2. 754 o. 400 
1337 '.-; ~ 

3 .. 45 c. , 

1359 'i . ' 5.10. ··~ 
I 

1382 7.60 

4. 223 . ·• o~ 403 , 
6. 242 . . •. o. 410 

. . 9. 302 . 0. 414 .· 
1406 11>35 :·). 13~ 89 i ' o •. 420 

. ·.· 20. 81 : ~( .. ' o. 420 
· .. 13. 83 . . o. 419 

: .. ·· :2~1. ·52 . .:'.:.~ -·~.:L: -~::.~~~~-~--42_~-~-

. 1432* -~ : ~~':117~\00 ..... 
:<1406. . ; . 11. 30 . '":. ·:. 
. 1455* ,· . . .· .. 2.4. 20 < ~; i. 

... 2 . . .· ·, 
Hole Area,O.Ol em; 2 mil diameter wire; 

.,_,. 

·.·; _. 3. 10 L 748 <.~ .. o. 397 

·:6:._, j.-. ,· <.~ 365 ::· : ... ; 
< .. ·:... , .389 

. -~ 

442:. 
'480 . 

529 
'· 539 

.517· 
. . ~ •. ;, ... 5 7.4 ' 

.. ~.' ~ . ' ' . ' . .:_, •. ,. 342 . 
4. 65 2. 623 " .. 0. 396 > ; ' •. . 340 ' . 

1289 
1312 
1335 
1358 
1381 
1406 

. ' ~ ·-

1430 .. · ,;.J ' * . ·, ' < 
1380 ·.' ' 

l~: :~ , -~ ' :: ~~~ ' :· . ~: :~~ , ·. ··408 ' , '~:~~-~~~~·;\:() ... 

:Jf_j~ --~~ ::-·_ . -~ . · ~ur .. > ·._:;_•~·-· ·~~ ~~f. .. . ... · :~>. lll·"_>:.i ~~'t%.r,,::.~.;-
. ' ; 9. 052. ' . 

... , . .. . . , . 24. _70 ~ :·': .;.13. 93 . ·,; . .. 0. 414. -~ ... ; _489 ., :. ; ... •. ~ ··,_ > 1407* 
_____ __..,_. ~.:...--,_____::......,...,_;:_.. __ ..;._ ___ ..,_, _____ .+,-_..;... _ _,_ __ ~ "::;>:.:,·· .. ,. 

~.. ~- \.-"}::.~--:~.-~/: ·Selected ~s~n:-~ --1.:88 cai/g~~ioni. deg.· ~ . . .-'>:· .. 
., 

· * short runs 
·.' ·' 

. } '·. . ~ / 

... ~ .. -
.,.I 

... ··All values are referred to gamma Mn as the standard state .,. 
• •'. • '· ;;· • •• 1" ~: , __ 

' . 
. i 

I 
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TABLE !Vf 

IYianganese V~por Pressure by Torsion Effusion Technique 

XMn = 0. 402 

. . 
Hole Area"-'0. 0015 em 2 

2 mil diameter wire; 10 . -6 . deflection = 42. 20 x 10 atm I 

' ... - .. 
-5 .D..G:x:s 

i 

T°K · Deflection P, 10 atm aMn 
Angle, deg. 

Mn 
cal/ g-atom. 

1336 1. 15 4. 853 0.463 377 
1380 2.40 10. 13 0.471 432 
1408• 3.80 16.04 0.469 430 
1432. 5. 60 23.63 0.479 501 

' 1457 8. 15 34,39 0,472 503 
. 1480 .11. 25 47.48 .. 0.474 488 

. r. 

;.: .. ·· .. · .. · ....... ·,'' 

2 · .. ' . • -6 ) 

Hole Area"'O. 002 8 em .. Ribbon No.· 1; ·1 o deflection = 12. 24 x 10 atm .. I ,. 
. \ 

1290 1. 60 .. 1. 958 0.438 221 
1315 2.60 3.182 0.448 286 

., . 
.. 

1336 3. 80 4.651 0.454 
\ 

322 
1361 1 . 5. 95 7. 283 0.455' 374 
1381 i 8.40 10.28 0.467 415 

. ·. 1404 12.35 15. 12 . o. 473 453 
1428 .. 18~ 10 22::15[i 0,486 539 
1454 . 26. 70 32.68 0.475 484 

I 

1481 38, 75. 47.43 o. 45'7 436 

Hole Area,....,o. 01 em 2 
2 mil diameter wire; to . -6 

; deflection = 5. 64 x 10 atm. 
-

1245 1. 40 0.7896 0.430 163 
1266 2.20 1. 261 0,442 241 
1288 3.40 1,918 0.445 258 
1313 5.45 .3.704 0.448 285 
1334 8.00 ' 4. 512 0.455 327 
1358 12.20 6. 881 . o. 462 374 
1382 18. 45 10.41 0.459 402 ' 

,. ; 

.. 

1406 27.50 15. 51 0.471 443 ' ': ~ 

1430 39.90 22. 50 0.470 444 .. 
1456 58. 55 33.02 0,467 436 
1482 83. 60. 47. 15 0.458 385 •· .. 

-xs 
Selected .6.SMn = -1. 70 cal/.g-atom. deg. i 

::. ' ' ••• ~- ' ~ •• ~ 1"' :. ; ~ • 

. All values are referred to gamma Mn as' the standard state ··, .. , 
h, 

..... 
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. ···: . ·, " ~·· ,-. TABLEIVg -~ ,. 

',. __ 

.. l·· 

Manganese Vapor Pressure by Torsion Effusio~ ·Technique·.:· 
- . . · .. '/•' 

' 

Hhle~Ar.e:a,.;Q .• 0015 cm2
; Ribbon No 1; 1° deflection= 21.70 x 10-

6
atrri:··· 

1315 
1338 
1359 
1383 

: 1408_' 
'1433': 

.·1457 
' :-1483 ~-: .. ·_, 
.· :··1509 

1312 
1337 
1357 
1382 
1405 . 
1430 
1456 
1483. 
.1509~ 
1407*' 

'1456 

( -5 P, 10 atm Deflection :D.axs · .. 
.. Mn ... · . Angle, deg. · cal/ g-atom.·· 

1 .• 60 3. 472 o. 481 
2. 45' 5. 317 ' o. 497 
-3. 55 7. 704 o. 506 

... . ~ -~ ' 

'162. 
'254 .• 
,301 '. 
344 · · 5. 40 :·, lL 72 O. 506 · .·; .. 

:· ·:-· 'a·· 15 ·o··.·.;·'· .•. ·,; .·1, 7 69 . '' :. ,.·· -~-._,: o. 517' ,. ' 375' .. 
• :. • • " • I .... • .•• -, • .,... -,.-.,· -• ·. +,-, ... - :<--~--: ·,.· i --.::.,tri.~ . ... · 

;~-·.:.·~_·,_:_•.·-~_,.·_:_._: .. · ___ ·
1
1.2

7
•·••· ·_

6
1_· .-oo_--.· ___ · __ ·~-•.;_•~-··,::-~_t ·:_it\,'";~-;_1_-.-~_·_._-_•:_· 32_. 6·

8
·:.2

1
·. _

9
6 __ ·._._-.-___ ·,_·;_:_::~.-,·_:·_~.t ~~:t·-~: o. ~22. ,(:~i> _: .. ':.)::··. '4o a::i;~:?;~1~ 

' ' .. ·· . : '. ' -· . ':'·./J, 0 5 30 .·-.-.. :.;.·_._:_.·_···:···~·-·.·_·,::-_._.·.··_:·_-.·:·'·.·.·.·.·_-~.-_-.:_:.,:'' .•. ·._ .. ~.· .. _:_ .• ·_~_-.·.·.· .. ·.·.·-;.·._ .. •._ .. · .•. ·_.·;_·-:·_._·._ .. ·:_·_-.·;-;:: .. ·_._-•.. ~ .• :. __ · ••• · ... · .•.. :··.·.·· .• ·.:4956·~8···~-:~···:_:··~·~~-.·.~-.-.~-: ... · ..... ·:_._ .. · .. __ · .. ~.-.:_· .. · .. :"·:· ___ ~~·•·_.~--~--:.···.:i.':·.-_: .•. ·.·_ .. · .. ·_··.··_·.-.·_:· :; 25. 50.Jf~i'f- ;~tr;;; .. : 55~ 34 '· '' •.• f'/4.\~~:~:.00 ... ·.~ ·.5~2357 . . .· )" .. ::··. . ~ '~: :~ 
·.·.. 36.·65. '~.·.; ~: :'' 79. 53 

,· : .. ,,-: 

1. 75 3. 262 o. 493 226 
2. 80 . 5. 219 o. 498 254 .. 
4.00 7.456 0.505 ~ 297 
6. 15 11. 46 o. 504 332 
9. 00 16. 78 'o. 514 361 

. 13. 45 25.07 . o. 515.' 405 .. ,':, 
2Q.l0 3:7~'4:!7'1 '·<:· o. 527 \~:;,' ' ' . 444> 

' .29. 90 55. 73 ': :~:.·,: o. 542 .'· . . ' 490 -~ 
,' ··-

42. 20 78. 66 . 0. 522' ' '< .. ' 429 ' . " .. t..,' • . ~ ........ 

't·. 
9.40 17.52 ' . ·., 0.511 ,'·.·:· 395 

.·:/~ 

••• • -~~ 01_. ': •• .... ., .. , 

._' 20. 15 , 37 0 56 .· . ·. 0. 529, , . I 455 .·. 
·--.---~-'---·-· ..;,....-----"'--_-~ ._ .. ·;.... ------·..:.···-_,_ ____ ..;.... ___ -'-_c(' ,. ...... ______ :_ ... ~·-....... ·..;.·-__. .:.:~?r~/,.~_~::!_ . 

I -; • . , ;:,. '" ~ ' 

·.) .'·· ·~' • :~ ·. ! ' ~--·~: -~ ' , ~ 

..... 
' . : ~·- . 

_:. ~· . 

. -... 

~- .. ·:· . ·:··· L·: -;,_ 

,, 
. ·. •'"' 

-'· 

:i 
' .. •'' 

• : ,t ~ • .• • '- .. : .... ~ . . .. ·,. . ' ~-

',· · .. · 
·'.,: 

-: '' '-,• 

. ;'".-

'~. 

' ~---

...•. ·., .. I '~ 

'. 
' .. 

.. ""·- ~-" ',f . 
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.TABLE IVg {continued) 

Manganese ·Vapor ·Pressure .by Torsion Effusion Technique · 

xMn = 0. 452 

Hole.Area ... o. 01 c~~; ~mil diame.ter wire; 1° 
' -6 

deflection = 5. 64 x 10 atm. 

T°K Deflection . -5 · -xs 
P~ 10 atm a: . AGMn 

.AngleJ deg. Mn 
cal/ g-atom. 

1268 2.50 1. 410 0,480 150 
1289 3. 80 2. 143 o. 487 191 

.1313 ' i 

217 ' 6.00 ' 3. 380 0,491 .. 
1335 ,. 8.90 ·• 5.020 ·o.494 237.' ·:· ' ' . ' ~ .. 
1380 ·;,·. 19.55 '11.03· 0.500 340 

.. .. 
I .. ' . ' 

'' 1406 30.20 17.03 .. 0.515 364 
1430 ·' ·• 

44.45 . '25. 07 :. 0.523 415 ·:·, .. , .. 

1456 '' ' .. ·; .. 
':- 65.25 36. 80 0.519 398 

·• 

1481 .. 94.20 53. 13 0.521 415 
1506 132.40 74.67 0.515 392 
1266 I 2~35 1. 325 0.470 99 
1289 .3. 85 2. 171 0.493 224 
1311• 5. 70 3. 215 . 0.495 239 
1333 8.50 4.794 0.490 215 .. 
1359 13. 80 7.783 0.510 328 
1382 20.05 11. 31 

. 
0.503 

'- 296 . 
1429 44.45 25.07 0.530 ·. 450 
1443 55.20 31. 13 0.531 464 

. -:::x:s .. 
Selected ASMn =· -'L 52 cal/ g-atom de g. 

* short runs 

All values are referred to gamma Mn as the standard state 
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.. · TABLE IVh '· . 

Manganese Vapor Pressure by Tor~'io~ Effusion Te·chnique · 

~ . . . . .• . "' 

. . 2 . . -6 .· 
Hole Arealll(). 0015 em · Ribbon No. 1; 1° deflection = 21. 70 x 10 atm. 

1313 
_1331 
1356 
1380 
1406 
.1428 
1448 
1479 

·. .~ 15 0 6 . ; .. 
··-. 1517 .. ) . 

I' "<; .,~,; 

.' ... 

1315 
1336 
1359 
1382 
1406 
1430 
1457 
1482 
1509 

: ··• 
... 

Deflection 

Angle, deg. 

1. 70 
2.35 
3. 65 
5.55 

. 8."60 
12. 10 

' ' 16. 60 
· .. :).' 26. 35 
·.·.t·;. s·8 20 : 
-~ ··:.1"'>1 . ~ . . .. 
. ~/ ·'44 85 , .. , 

. -~it l~· .. · .· .· . ';· 

. ·• 

. ' 

·,_, 

. l 

: .. · ... 

' '. 

3. 20 
4,35 
6.55 
9.45 

14. 45 
21.40 
31. 85 
46. 35 
67.20 

.. ~ 

. .·. 

. ·: \. 

-5 P, 10 atm. 

3. 689 
5.099 
7.921 

' 12. 04 
18.66 

. ' : 26. 26 
36.02 

' . 57.18 
;< ·,.. 82. 89 '·' 
·::<''::~:~97.·· 33. 

. .t ~- '* . . 

4. 096 
5. 568 
8. 384 

12. 10 
18. 50 
27. 39 
40.77 
59.33 
86.02· 

.. . 

' . .~ 

t - ... 1 

.. 

·-XS ~--- .. 
..6.G·-· .. ·· .· 

-Mn ·_, .. 
. -­.. 

cal/ g-atom •.. · · 

0. 536 
0.540 
0,547 
0~556 

o. 564 . 
. o. 565 
0.572. 

--·. .0. 578 

184 
-202 
243 ' 
294 
342 .·· 
348 .. ·· 

. 389 ,' 
429.·· 

. ' 
... t • ~ 

,·. -. 

·· ~: ~~; .; •;t;,~i::r~:~: 

o. 562 308. ... 
. . . ' ~ 

0,541 212 . ·,·'i' 

0.545 235 
0.544 208 
0. 560' 319 ,_ .. • :. ~ -·. 

0.570 375 
. :.····. ;._ 

0.565 -... 358 ',:\< ,. 
" 

0.574 41.1 .· <: ' 
"•. 

0.571 399 .. . · .. 

.·. . . ... ·: .: .. : ·: ~ ~ 
., . 

.. : ..... ·. 
I j · . 

·, •.1 -: ... r ~·. 
. ·;. •· ........ ···::-.~-. :: .. _: ~~- . 

··~.· ·.' ~~ '" 

. . . ~ _: ~- ~ 

., t.. •• • 

., ~ ... 
·•' . 
. , '. I ~ · .. 

-' . ·. 
' . . : ~ . -· 

· .. :. · .•.. 

. ... : . ~ 
')-. 

. ·. ~ ·.·. . 
._ .... " ··· . 

• • ... ">c '. ~;:-_ 

. '' ... 

)·:h~~ ~-:~ i 
. ' :.•. 
~ .,.. t '.' . . .. . . ·.. . . - ~ 

~ ... ' .,. -~ 
' ....,~ ·; .. ·. 

•'. ~· . 
~ .·: _...'\ ·~-~ ·~· 

...- ·. , ... _ -· 
r-. ·. ~ 

•'. 
' 
i 

:·'• 

..... 

I '. • '. ,. ,. 
' 

' . . . . '~- :,. 
.. , ., :-..- ·. 

• r. - . .. :, . .. . -;; ,. ~; . 

' ., ·.<_ .... :; _.···: .: ,., 
·' 

~ ...... ' . ·.! ... ~ . . '. 

.,. ,' .. .... •. ,:. 

.· ·.· ... 

.~ . • f. • 
. . ·'.'' 

. .. ,, 
. ·~ .. 
;t. ~ 

. ... 
.,·l~· ·. 
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TABLE IV~ (continued) 

XM = o. 499 . n .. 

. .. 
. ·~ · ... ~ ~ ~· 

.. 
,. 

75 

Hole Area-vO. 01 em 2 2 mil diameter wire; deflection = . -6 
• 10 5. 64 x 10. atm. 

' ~ 
.• 

T°K . Deflection -5 D.fJXS P, 10 atm aMn 
Angle 31 deg. Mn 

cal/_g_-atom 

1268 2. 75 1. 551 0.528 140 .:_, .~.._· / 

1287 4.00 2~256 ·o.532 161 
1311 6.15 3.469 0.535 178 

·1336 
; 9. 85 5.555 0.539 205 

. . 
1358' .. ' . 14. 65 . · 8. 263 0.552 271 

•; ,·o 
'' 1382 22.20 . ' 12.52 0.557 302 : .. -~ . 

~: ..... 1'406 .. 33. 15 'I· ,;18. 70 .. 
o. 566. 349 ·' . , ·.· . . ·:··.· 

1428 46.90 ' ; 26. 45 ' ,. 

0.569 
., " 368 . ' 

1456 . 7Q. o5· · 39. 51 o. 557 ,•. 315 .. ' 
'· 

-1481. 100. 10 .. 56. 46 ·o.553 300 
'· 

' .. 

-:::xs . 
Selected ASMn .= -1. 35 cal/ g-atom. deg. 

All values are referred to gamma Mn as the standard state 

. .. ... ·. . 

.~. ·~ . . 

·:·· . 

..... . 

• ' • ; . f. ~-; . ; ',:· 

., ·,. 

I , ,··. '• 
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-.,.·· :' ... ' 
. ..;.._ ··- .. ~ " . 

~ ..... ~-. : ·.·TABLE IVf 
·... ':. 

.... ·., 
',._.1··· 

' • 1 • ·~. 

Manganes~ V~_por Pressure by T.Qr.sion Effusion T~chnique. , .. · ·.· · 
"": .. 

X . = 0 548 · .: 
Mn • · · ··-

· .. , ·. ~ ~{ . - . '. ·f: ' 
• .. 

. . 2 . . . . . •6 .. .-· .~ 

flole AreatvO. 0015 em ; Ribbon No. 1; 1° deflection= 21.70 x 10 -.· atm;. 

1312 
1336 
1358 
1381 
1405 
1429 
1456 
1482 
1509 

Deflection 
Angle. deg. 

1. 80 
2.75 

: 4. 05 
6. 10. 
9.00 

- ·. 13. 25 
' 19. 95 

. :, 29. 60 
43.05 

-5 · P;, 10 atm 

3~906 
5. 968 
8.789 

13.24 
19.53 
28. 75 
43.29 

. 64. 23 
93. 42 '· 

0.592 
0.580 
0.587 

. o. 600 
0.599 

-0.600 
0. 610 ' 
0.621 

.• . 0. 618/3 
'· !• 

AG'XS ... 

cal/ g-atom. 

200 
147 
183. 
246 

. 247 
288 

'• · .. 307 
·367 

·~··) 

.);;13:· 3 ~ 2 <:·· . 
". ": ' ......... ··"'• .. 

. 2 . ·-6 . 
Hole AreaM). 0028 em ; Ribbon No. 1· deflection·= 12. 24 x 10 atm. • .,._ 

1313 3. 25 3.'978 .-
0.579 142· 

1336 4. 90 5. 998 0.582 160 
1358 , . 7.20 . 8. 813 o. 5_88 191. -
1382 10. 95 . 13. 40 0.597 231-
1406 16.25 19.89 l. 0.606 258 
1428 23. 00 . 28. 15 0.605 280 --1456 . 35. 65 I 4' 43 .. 6 _:,: 0.615 331. .·, 

' . 
1481 51. 00 . 62. 42 o. 611 . ~ .. .: :"". 318 . . . .. 
1506 72.00 88. 13 . 0. 608 ... 308 .. . ~. '-

. 2 - : . . -. . -6 . 
Hole Area"'O. 01 qm ;· 2 mil diameter wire; 1 o deflection = 5. 64 x 10 atm. 

1!2.6.7.' 
1290 
1311 
1336 
1360 
1381 
1405 
1430 .. 

-. 

1453 
1482' '.\ 

2. ·go 1. 636 
4.55 2.566 
6. 65 3~ 751 

10. 65 6.007 
16. 25 9.165 
23. 35 : 13.'17 

. 34. 70 1 19. 57 
51. 20 i ,. 28.88 

. 74. 35 . :, • 41.93 
··108. 70 61,31 

I • 

. . '. 

·0. 568\ 
0.572 
0.578 

. o. 583 
0.592' 
0. 585 

. 0. 600 . 
0.599 

.. o. 617 
' ·.·_ .. o. 592 

Seiected AS:n = -1. l.8 cal/ g-atom. de g. : . · . 

-All values- are referr~d to gamma Mn as :the standard state 
. . . .• . " 

··'· 

- ~· 

'• -~ 

:· ... ~ . 

·./' 
. .. ' .. 

F J ~ • 

; . 
. ~ .:: .'· .. ,·., 

~ ' ~ 

....... 
. ,(" ~ 

·. 1: 

.-. 

. -. ,: ·. ~ 

' ',l 

..... ~ .. 
( ...... 
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TABLE IVj 

Manganese Vapor Pressure by Torsion Effusion Technique 

' XM, .::: 0 597 n . 

. ~ Hole Area-v0.0015 cm
2

; Ribbon No. 1; 1°deflection = 21.70 x 10- 6atm . 

,· 
~ .' . _: .... 

. -:~·- ' ., 

. ' . -~ ' ., . 

1313, 
1333 
1358 
1380 
1404 
1430 
1454 
1482 
1508 

Deflection 
Angle, deg. 

2.00 
2.90 
4.45 
6.40 
9.55 

14.35 
20.75 
31. 20 
44.50 

.. 5 
P, 10 atm a 

4.34 
6.293 

'9.657 
13. 89 . 

. 20. 72 
:n. 14 
45.03 
67. 70 
96.56 

Mn 
~axs 
, Mn 

cal/ g-atom. - .. 

0.630 148 
0.644 .', 200 

0.645 208 
0.644 .210 
o. 645 . 216 
0.648 230 
0.652 254 
0.655 271 

' 
0.653 268 

Hole AreaNO. 0028 cm
2

; Ribbon No. 1; 1° deflection= 12.24 x ro6
atm. .:1:. 

1313 
1331 
1356~ 
1380 
1493 
1428 
1448 
1490 
1506 

3. 55 
4.90 
7. 55 

11. 25 
16. 35 
24.75 
33.55 
62. 15 

.77.30 

4.345 
. 5. 99 8 
9.241 

13. 77 
20.01 
30.29 
41. 07 
76.07 
94.62 

0.632 
0.634 
0.637 
0,635 
o. 654 . 
0.651 
0.652 
0.655 
0.657 

149 
158 
{75 

\ 171 
254 
245. 
252 
275. 
269 

Hole Area""O. 01 cm
2

; 2 mil diameter wire; 1 o deflection = 5. 6·4 x. 10-
6 
atm. 

1268 
1290 
1337 
1382 
1432 

·~::11454 

1482 
1508 

3.25 
5.00 

'11. 85 
.. 25. 60 

57.00 
79.95 

119.50 
170.20 

' 

,• 

1. 833 
2. 820 

'.:.G. 683 
14.3-8 
32. 15 
45.09 
67. 40 
95.99 

0.623 
0.629 
0.637 
0.640 
0.650 
0.653 
0.652 
o. 649 

' ' . 
· --xs 
Selected ~SM = -1. 00 cal/ g ... atom. deg. , n 

109 
130 
171 
191 
240 
258 
259 
251 

•· 
All values are referred to gamma Mn as the standard state ' 

77 

'; ·~ ·· ... 

• .. · 

. ·,)l-· 

·.,··.· 

. ,· ·: 



· ... • 

. >' ~ ... 

. ··.· ·. 
78 

'· ., ·' 

TABLE IVk .. 
. , 

Manganes~ Vapor Pressure by Torsion Effusion Technique·.· 
. ' 

· X = Q 700 ' 
M 

.. , . 
ll1 . ' : . ' 

-·, . ~ .. ' ~· .. 
· ..... '· · .. 

F-H_o_le_A_r_e_a_-v-;....O...:. • ..,...o_0_1_5_c_m_
2

..:;.;_R_l_;b.,...b_o_n_N_o.,;_. _1..:;.;_1_·o __ d..,.e_fl_e_c_ti_o_n_=_4_~ __ .-r2_0_x_1_0_.-_6_a_tm~·:,...-:-__ 
1 

.. _·:·, •.• l 

1336 
1381 
1406 
1432 
1455 
~1482 ·.: . 

•_·, .. ::1509 

Hole Area~ 

1267-· 
'1291 
1310·' 
1337 . 
1360 

. 1378 ">_• 
1403 .. ' 

·• 1431 
1456 
1484 
1501 

1267 
1289 
1313 
1337 
1359 
1382. 
1406 
1432 

... 1454 
1482. 

Deflection 
· · Angle~ deg~ · 

1. 80 
3; 85 
5. 80 

·: 8. 75 
: . 12. 30 
' 18. 30 ... 

'.:. 26. 90 

-5 
l?~ 10 atm 

7. 596 
16.25 
24.48 
36.93 
51.-91 
77. 23. 

113. 5 

a 
-Mn 

,, 
-xs · 

i ·;.~ AG · .... _: . 

.. ·· Mn 
·;:,:;: c_al/ g:-ato.m. 

0 73~i:.· 
• i~; 

0. 736::: 
o. 74o[•.i 
0. 7 45(:, 

. o. 744ii 
··o 747i:,.· 

·. • Ji ~ ( )' 

0. 7 57::" 

:'.I 

140 
137 
155 
179 
173 

' . ;,_ ~- ... 

.. .- ~- - . 

189 . ' 
215 .. 

•'. 

. 2. . . . .. ·-6 . 
• 0028 em ; Ribbon No. 2; 1° deflection= 12.80 x 10 atm~; 

·, 

~ •.. 1. 60 ,. 
. 2~ 60 . 
.3.: 65 ..• , 
6.oo· 
8. 90. 

. 12. 10 ~ ; ... ' 
' : 17. 65 . ' .~ 

' -.i 

.. 

. 28. 40. 
41.40 
62.30 
78.95• 

3. 70 
5. 70 
8. 90 

13~ 65 
. 19 .. 80 

29. 35 . 
.. 43'. 40 . .' 
65.30 
90.50 

. .135. 60 

.. 

2 o4s o 711·~ I 41 .... . . ' . ' . 

. 3. 328·.·· o. 727\. .:.95,<> 

. .. ,· ~: :~~x>> · ~: ~ml~ ~i~ 
. ' 11. 39 ·. o. 733!.. . r.: 127" ·.' 

··15. 49 -"· . o 74on. 139 · ··4 
• • 

.. 22. 59 <··~-' .. '.o: 743f;. 149. ·:; 

36.35 0.745j! .'. 173 
52. 99 o. 7471!,. . 186 

'79. 74 0~ '"/50;_; ; 201 
101.1 ·.0.748:-' 198 

2. 087 
, 3. 215 

5.020 ·l 

7. 699 
11.17 
16. 55 .. 

24.48 
36. 83 
51.04 
76.48 

o. 725·:( 
0 733i::. . '.~; . 

o. 730,1) 
· o •. 7331'i 

0.733iJ-
._;. __ o.736r. 

o. 740:•\ 
o. 743 };;· 
o. 740'~·;· 
o. 740 ;.i 

.. 

'-:-·· 

~ -~. 

88 ·.· 
115 
105 
124 
124 
140 
156 

.. 172 
.159 
162 

...... 

Sele~ted A~n =· ;·.;.o. 64 cal/ g-atom. de g. 
· ''-r.' '~'· . 1 

. ) -

.. 
• ,1.~ j "'·;. . .: 

i· . 

···:·~~ \:"\- ·.: 
_ ...... 
. ··. ··~" 

;.- ,, 
' ' ... 

., Q 

. ,; ', 
! '· t: ~·- . 
1-.,~.- •. 
~ f . J 
_.,__ :;"' .. 

\ .~ .. ~. - J 

'l ..... 

......... 
~- .... 
. : -.:~",· 
;.",; .• ? l .... 

.... d'i' '· .... 

. . 
' . \ .. ·· ... -

All values are referred to gamma Mn as the stand<1rd state·.. _.. i _ , 

_.,:·;: 
·• · .. ·,.,Ji.:_, 

... -· 
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TABLE fVJ. 

Manganese Vapor Pressure by 'l:orsion Effusion Technique 

xMn = 0. 802: 

'" 

7-9 

. 
!Hole Area..vO. 0015 cm

2
; 2 mil diameter wire; 1° 

. -6 
deflection = 42. 20 x 10 atm. 

( 

' I -5 
L\cf~ ' T°K Deflection I 'P, 10 atm aMn ' ! 

Angle~ de g. 
cal/ g atom. 

( 

.;.:r361 3. 05 12.87 0.813 37 
1382 4. 35 ~.18. 36 0.817 54 
1405 6. 30 ·26 •.. 59, o. 816 50 
1455 13: 50 56.99 o. 816 52 

... 

1482. 20. 15 85.03 0.822 76 
1503:{o:c 27.00 ::.1t3i:9 o. 819 64 
1479)! .... 19. 25 8L24 o. 821 70 ;c.,, 
1457 . 14. 05 59.28 0.822 74 

· Hole Area ... o. 01 cm2; 2 mil diameter wire; 1° deflection= ·5.; 64 x 10-6atm. ' 

1267 4. 15 . 2. 341 0.814 38 
1289 6. 35 3. 581 0.814 40 
1313 9.95 5.612 o. 815 45. 
1337 15. 15 . 8. 545 ' 0.813 38 
1359 22.05 12.44 o. 819 50 
1382 . 32. 50 18.33 o. 818 49 
1406 4'"1. 85 26.99 0.816 52 
1432 71. 80 40.50 o. 819 61 
1454 101. 00 56.96 0.824 82 . .. 

1482** . 150. 80 85 .. 05 Oa 822 
'· 

77 
1455** i00.90 56 •. 91 . o.-814 . 45 

I 

.1406** 47.80 26.96 0.816 49 
1359 22.10 . 12.46 o. 819 54 

i 

· -xs 
Selected ASMn = -o. 314 cal/g-atom. deg. 

** cooling runs 

All values are referred to gamma Mn as the.standard:.state 
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TABLE.V 
"',·' · ..... 

Integral Quantities for Fe-Mn Alloys at 1450°K ·, ... · 
-~:·· 

• l 

'. 

... ' 
xMn Phase D..G D..H AS 

' 

. 0 'Y 0 0 0 
'· 

o. 1 - .... 825 .;.;:.316 o. 3511 
o. 2 .-1240 -::·592 0.447 
0.3 ... 1488 : .. £..,825 o. 457 
o. 4' -1621 ·-1009 o. 422 
o. 5 -1659 -1122 0.370. 

I ( '70) ~.J ±.· r: ~ (±400) (t:Q:'\ 2 5 );) .· 
. ' 

o. 6. •, -1607 -1183 o. 293 
.0. 7 • .. -1457 -1121 0. 232 
o. 8 .. ' . -1200 ·- -}?.926 0.189 '. 

o. 9, /:"" ·-794 ~:::564 0 158·· '· 
.,, . . •'· ' . 

1. 0. .. o·· " 0 0 0 
. 1·.··. . ' 

·.' 
_ •. ::'_'f-

: '• ·; ,··. 

· .. 

.. --

1. 

.... 
·.··· ~-

·.-./_· .. ' .. · 
t ~ : • 

' . -···~ 
.·. ·! 

~ ~ · ... 
I 

• 'j 

··:. 
. -, .· ... ,•, 

. i 

_·._ -
, ' .. f .. - . -~ ~ 

. '· .. ,•· 
" 

' .. ~ . ,, 
' .. 

. . ! 

'. 

D..<:fS 
' 

0 
112. 
202 

' 272 
318 
338 

((:c,7:Q) 
332 

·.303 . 
241 '· 

142 .·.' 
.. 

,, 
· .. 

' .. ~ ·· .. 0 ·-, .. 

' ·' 

··--. 

ASX~ 

0 
-0;295 

-~ ., · . ... . · 

.. · 
·~ : .- . 

. . :~~ ,_ 

-0.548 -·; ..... 
•0.756 
-0~915 

-1. 007 
(±~·· .;.0.2~5) 

•. -L 044 ... 
-0.982 

:: {;, . ·- ... · 
. ~-·. 

J ''. 

' 
•·' -0. 805: 
'·:·~0. 487 

0 
·,· - ,, 

: .•. :. 
:-.:. :;"\ ·, .. ~_ 

' 
:' 

', ;, 

.. ' 
·-. ';; 

.... 

,. 

,. . ' 
. ~ . · .. ~ 

. ; ~ -;'"- . ~ .... ·/'.' ,.' ~ ~(- '_'·· 
, •• ·'! 

·, 
' 

.... ··, .. ·.: . .-;. ·, 
-~ . . ,, 

' 1- ~ 

. ··• ~ 

. ~-. 

I ,~• ·"'. "·.,·~ 

•! ·-

t i . 

' " . ' 
! .. 

i 
l . ~. 

' . 

:-: ·_,•. 

, ..... 

' ·.··.: 
. · ..... 

.'·:_;, .... L ,·· 
' .· 

' ' 
.... . .... .. . . j 

:-,. · . 

.'r- - . 
~ , . .; .. : :"' .. ~ -· 

··! . 

. ··-:··~ 

··; 

•. 
' w .~ •• ! 

. -~ ~- . 
' '• , . . .. 

. ~ . 
. ·.• ' 
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·TABLE Va . ----- -- -·· ---

.Partial Molar Q~antities for Fe-Mn Alloys at 1450° K 

A. Mn Component Mn(-y)(s) :;; Mn (in alloy) ('Y)(s) 

. aMnkn i - D..ff.S·'·' 
- · .... -

xMn Phase D..GMn D..H :·: D..SMn Mn Mn.i. 

,0 'Y 0.000 1. 524 -.do 1215. -3353 00 

o. 1 0.143 1. 428 -5608 1027 -2966 1. 822 
0.2 0.268 1. 341 -3791 846 -2634 0. 788 
0. 3 0.388 1. 294.\ -2792 676 -2294 0. 344 
0.4 0.468 1. 170 -2121 520 -1954 I 0.115 
0.5 0. 570 ' 1. 141 I -1617 381 -1577 0.027 

(± 0. 014) (± o. 027) (±70) (± 70) (± 400) (±0. 25) 
0. 6 0.658 t. 097' -1206 265 -1171 0~·025 

0. 7 0.742 1. 060 -:862 166 - ': 755 ' o. 074 
o. 8 o. 823 ' 1. 029 - 561 82 -:.381 0.124 
·o. e 0.907 1. 008 - ... 281 23 -:;_;.108 '. 0. 119 
1.0 0 ' 1. 000 1. 000 0 0 0 •· 0 

i 

B. Fe Component Fe = Fe in alloy (y){§:) (y)('s) -· 

Phase - -XS·· D..H·-: -X a Fe 'Y D..G D..G .. 
D..SFe Fe· · Fe . .Fe ·Fe:·:: F' e ... 

- '·· 

I 

1.0 'Y 1. OOQ 1. 000 0 0 0 " 
o. ~881 0.9 0.903 1. 003 -294 10: -:;21 

0. 8 o. 812 ' 1. 01_4 -602 41 I 
-:; 81 0.359 

o. 7 o. 724 I 1. 034 -930 98 -196 0.506 
o. 6 0.664 1. 066 -±288:; 183 -380 ~o. 62 7 
o. 5 0.554 1. 108 -1'700') 296 -667 o. 713 

' (±0. 014} (±0. 02 7) l (±70) (±70) {±400) (±0. 25) 

l 0.4 0.465 1. 162 '-2202 432 .-1201 0.695 
o. 3 0.373 1. 242 -2845 623 -1975 0.600 
0.2 0.271 1. 356 ' -3760 877 -3108 0. 450 
0. 1 o. 152 1. 524 -5420 1215 ~4678 ' 0.512' 
o. 0 0 0.000 1. 778 -oo 1659 -6779 00 

'• 

.. 

D..Sxs 
Mn 

~3.150 

-2.754 
-2.400 
-2.048 
-1. 706 
-1. 350 

(±0. 25) 
-0.990 
-0.635 
-0.319 

' -0. 09Q 
0 

D..S:x.s 
Fe 

. '0 

-0.021 
-0.084 
-0.203 
-0.388 
-0.664 

(±0. 25) 
-1. 126 
' 1. 792 
-2.748 
-4~-064 

··5. 819 

81 
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APPENDIX'· 
_,··-,., .· '.• 

The Knudsen equation for a finite hole thickrie.ss when the channeling ·· 
'' ·~ I. 

effect is irtcorporated. in the idealized equation is: 

where 

'. 

. . ; 

P =·Pin atm.· 
k 

-. 

-~ . 
- . . 

z . = total weight;loss in grams • -- . 

' ..... ,· 

,·-. 

. ,_. "... : ~ 
_.:: :· 

- K · = Clausi~g co-rrection factor obtained from Referenc-e (24) 
... f 

·'·· 
·',•, 

; -~- : . ~ 

.: ... 

.. ~. 

I' -·· 

,--~ 

·.·.· . 

--~·.-' .-· .·.·· . 

·'' · .. ::·· 
-i.: ·./'." ... _, •·· 

· The correction factor C in _Table VI is Kfa (Experimental)' 
._ ..... · .. ': 

'Kfa (Theoretical) f-' .· .. -· ~..,. ' ... · ~.~ ... > 
I ~· ' 

.-. 

_ Kftheorectical.w_a~ -~Qtafned· from the: me.as~req,r.~tio qf.,th.~-.J:lole.:.:I.';~d~~~;(r) . - -
-·--. 

and the thickness.U.) using the table given-in Reference (24) ·" 
.' ·.: ;}' 

'•-

- .. ':#~ .. ~ 
-·-. _ .... ~ .· 

--\-'; 

·.-·. 

...-; .. 

' .... 
;, .. -~ 

-, . 
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TABLE VI 

Calibration of Knudsen Cell with Pure Mn Sampl~ 
.... 5' *~~ .. 5 v 

cal T°K Wt.losstJ Time, p~ 1,.9::,. Correction p .10 ~H298 
( 

mino ~ .. atm Factor C Mn, atm· , 
j gm. ~ 

1273 0.1800 1400 . ~: •• :l 3~ .18 0.9068 3. 052 '67148 
1282 0.1890 1243 3. 78 0.9068 3e 626 . 67159 
1358 0.4699 74,0. 14o. 99 1.,0062 15.90 66893.: 
1388 0.7410 718 24.80 0.9752 25. 58 66978 

Average 0.9478 

hole area-Oa 0116 em 
2 J:-

= o. 9 K 0.694 - = 
r f 

Kf ; ·: a = 0~ 00 805 (Theoretical) 

1319 0.0858 1715 7. 52 0.9621 7. 455 .67060 
1321 0.0966 1865 :. . 7. 79 0.9700 7~ 73 67080 l ' 

.1337 0.1094 1588 10.30 0.9779 10.34 67077 " 
·'· 

·'' 
1379 0.1985 1407 21.40 0.9858 21.10 p7046 

Average 0.974 

hole area ..... o. 0022 em 
2 -~ 

= 1. 6 Kf = o. 566 -
' 

r 

Kf ~: a = 0. 00125 (Theoretical) 

-
1304 ·o.1339 1181 5. 71 P •. 8585 . 5e 684 67067 
1311 0.2022 1523 6.49 o. 8892 6;·71,5 66971 
1339 0.2632 1442 10. 79 op -8585 10.79 67060 
1350 o. 2868 1163 13 .. 06 o. 8302 12.66 6'7141 

··. 2 
hole area"""O. 0077 c~ 

lAverage · 0. 8591 
r: = 1. 71 Kr = o. 55o 

Kf .•: a = o·~.om12·4 (Theoretical) 
\.:) 

* ·.· PMn Calculated from Reference (10) 
• ~ I ' 

** • I' ,• p Recalculated using the averagei.(eorr:ection factor 
Mn 

.. ,. 
' 
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. TABLE::V:T'(cohtinued) 
' ........ ,,_ . 

Manganese Vapor Pressure by Knudsen •Effusion 

}( T°K Wt. loss Time, p 10-5 
Hole area 

Mn cm2 atm .... gms . rriin. 

' ' 

0.0088 ""0. 0077 1310 0.0405 4200 0. 4859 
., 1349 0.0814 4200 0.9910 

1393 0. 1225 3000 2. 122 
1439 0.0890 1080 4. 393' 

N 0. 01 1345 0.0755 2000 .o. 92.10' 
1390 ·0.1237 1500 1. 980 

., 

1440 '0.1028 600 4.402 
, 

,0. 347 N 0. 0022 ' 1323 0.0743 4200 2.640 
1359 0.0827 2500 ·5.003 I 

1418 0. 0855 1000 13. 21' 
N 0. 0077 . 134'5 0.0921 1200 3. 919 

1384 '· 0,0881. ., 600 7. 605 
\ 

1430 0.1083 360 15. 84 .. . - ~ .... 

a:· r .. _·_ .... ·. 
. <t. nl ,"Mn 

;...396 0.076 : 
..:.359 O.lJ77. 
-324 ' 0. 079 . 
-321 0.08 
-394 0~076 

'' 

~370 0.077 
-331 0.079 

-164· 0.326 
.;..152 0.328 '' 

-137 0 331' 
. -266 0.314 

'·. -160· 0:327-< 
" 

>-162 0.328 

.. 86 {:' 

·-

'·-~ 

' 
... 
' 

·' 

/ :~. 

.•. 
.• 

.. , . -~· . 

. ···: ~-. ··? 
,~.; 

'.· .i 
. ~~~~- .. . ~l 

. ·, .. ~· 

.:. ~---· ' '"' 

,. 
. ~ --. ~ 

_:,·f:, 

~ . ~ 

. :_. :~ .. 
·'· 

l 
,'I, 

. '· .. j 

' 1468 0. 105.2' 200 28.06 . ~-=-~- -133 ·, 0. 332 .. · .. 
'~· -~ 

' . 

_)·. .. 
,..J0.01 : 1368 0.1146 ·. 

·, 1409 0. 1050 . .. ; .1483 0. 1551 . -~ .. 
f -~ .,, 

.. 
0. 45,0 ~ 0. 0022' 1325 0.0885 I 

i 

1392 0.0753 I 
1'455 0.0704: 
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. TABLE VI .. (continued) 

Manganese Vapor Press.ure ·by Knudsen Effusion 

o. 597 i"' 0. 0022 

i 
1 

(v 0. 0077 
l 

. .-.. · I .. , : ,.: - . . .. . I . . . . , .. 
0. 69.91NO. 0022 

'"' 0. 0077 . 
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: 
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I
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~ . 
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0.0413 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com~ 
m1ss1on, nor any person acting on behalf of the Commission: 

A. Make1 any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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