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L v [NTRODUCTION .. ’( N \ v
The study of the thermodynamlcs of alloys should ultlmately
lead to a general theory of the behavior of metalhc‘atoms in the
environment of alloy phases. From such a theory it might .be poss}i_'_ble '
to deduce the structures and properties ofalloy systemsfrom the

properties of 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 ll)roblems associated"With thermodynamief'“

measurements at hlgh temperatures ‘ Solution'. ealorimetry using a
11qu1d metal solvents is not veryi accurate at the high temperatures
necessary to dissolve transition metals. Equilibriumgmeasurements ' \
to determine activities involve several problems which will be dis~
cussed in detail. |

The object of this in’vestigation.'w_as to determine the Gibbs
energies, ‘heats, and entropies of form_ation of face—centered—cubic S

gamma-phase iron-manganeseallo}".s.at high temperatures ThlS S

or by measurements of equilibrium vapor pressures of manganesev ' '

over the alloys and over pure manganese. The advantages and diS.":.‘_.-
advantages of these methods are discussed in the following pages.
For the present work the methods chosen were‘Knud;sen and torsion = o

i

effusion measurements of vapor pressures.




thoroughly 1nvest1gated ‘l)urmg vaportzatlon the surface‘concen-«
_. tration of the more volatlle component becomes depleted it may.
| _vbe replaced_by diffusion from_ the int erior of _the» sample. Only
: if diffusion is rapid compared yv:ith vap‘ori_zaltion are equilibjrviu‘r'nl‘v";.-:l:'
- "'ivalues obtained. In this workthe effects ot‘ depletion havé’i'o:één;
‘ 'b.vm'orex’closely examined than before, ,\Atith"the reSult that large cor-
rectlons were -found necessary to the. data bt'o'und,in the'. llterature

for the 1ron-manga.nese alloys low 1n manganese content

&

In the emf techmque the relat1ve part:tal molar Glbbs energy

' ”of component B AG, 1s determmed from the measured potentla

B)
as AGB -n ? EB' where EB is the voltage between an electrode ‘
c.omposedvof pure B and one composed of the alloy A 'x B_ and 7—7 __

--is the Faraday constant, The electrolyte Wthh may be soltd or (f»"
liquid, c'ontains'B ions with charge B" ;v In order to’ operate the '

f:__cell successfully the followmg condlttons must be obtamed- o

(a) The conductxon must be completely 1on1c

_' (b) The rate of dlffusmn from the mterlor must be suff1c1ent to

-

o :.mamtam the equ111br1um concentratmn at the surface of the alloy.

- (e) Slde reactlons must not occur between electrode a.nd electrolyte
. .v St R PR

i

N " Normally the two elements must dlffer consxderably in electroposﬁ

tivity. B

b s

+.(d) The conducting ions must have a unique valence.':‘,




‘required high temperatures of measurement and reaction of the ..

" (a) 'Th_e mass sbectrographic method

Although t'heoretic.ally ._equilibr"iun:x'_emf me_asurementé have

_ several advantages over dynamic measurements, it is very difficult

to obtain a suitable electrolyte which satisfies the above conditions.

However, in recent years several successful attempts have been

‘made uging solid electrolytes at high temperatures. This technique |

could develop into a useful method for measuring the t‘hermodynamic‘
properties of high melting alloys.
Vapor pressure measurements nay be direct or indirect. In

a closed system at a particular temperature containing a solid or a

liquid phase of a single Tche‘mical component, a gas phase will be ffprmved.v

- 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 fox;th., One can also determine the boiling point, dew L o

point, or vapor density, which can be related to the vapor pressure. e

<

Except for a few low=boiling metal.s; the direct method cannot be

- metallic vapors with the container,

The most important indirect methods of determining vapor ; v

pressures. are: g
(b) The mass transport method from about 10“'5 to greater than L

’ '

used very successfully for metallic sttemS, primarily due to the "

e

at the equilibrium vapor pressure. Vapor pressures greater than-10 . -




, 10-'3 atmosphere | R
5 (c) Langmulr’s method from about 10 10 to 10 -3 atmosphere

B \

(d) The methods of K.nudsen and tors:ton effus1on from about 10 T
to 1073 atmosphere | | | 3

In the mass spectrographm method the molecules of the
R vapor phase are 1on1zed to +1 1ons by electron bombardment and

i the vapor -pressures are obtained from measurements, of the number

of these ions.’ It 1s d1ff1cu1t to obtam accurate vapor pressures by

- this method due to the} uncertainty; of the degree of._ioniz_ation The

\v

" mass spectrographe-is'rno!-'stvhelpful in determining the'.'»,molecular--‘

i‘welghts of the’ gaseous molecules‘ e :-i_‘ S

f__vaporlzlng component at a constant temperature and constant total :

pressur_e;-the vapor is commonly conden_sed, collected,' and"weighe’d',

“ _From ..this Can.vbe calculated the m’ol', fractionand parﬁal pre'ssﬁ'r'é’i'sfj'f
the vapor in the mert gas. For suff1c1ent1y slow flow rates the

': pressure found should be near equlhbrlum though the method 15

| L . "comphcated by d1ffus1on of the, vapor through the gas. ThlS method

e

" is- rehable only when care 1s taken to test whether the rate of ﬂow

s slow Venough _to allow eiijuiiibrium and fast enough to' ‘avoid meortant

'

contributions of thermal' diffusion. Care must also be taken" t6 ‘avoid

" . reactlons W1th 1mpur1t1es in the gas, W1th the contamers etc



™~

P ‘(

: that

- va M/N = mags sgticking =,' n&ass escaping = m

loss per unit area into a vacuum, From thege data the equilibriumj
vapor pressures were calculated in the following wa_jr:

Suppose a sample at temperature T is surrounded by its

.. vapor at the equilibrium pressure, P. Under these conditions the—

number of vapoi- molecules which strike fhe cqndgnsed phase and
stick to it equals the number which evaporate from the surfac:e 1n o
the same time. From kineti.cltheory it can be shown that the rate
of striking the surface

= P’é‘v/ékT' 'moleculles‘"-/fcmzséct. S R ¢ A

v/ " where € = average ve1001ty. But only a fraction, @, of these mbl"e'-_ il

cules stick. @ is called the aécomrﬁodatlon’ or éticking coefficieht.

Hence at equilibrium

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

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

and N is Avogadro's number, . From kinetic theory it 'may be shown

Hence: A L

aMP 8Nk T /4Nk'Ilv |
aPV—/ \/2 TRT =

n -

L]

So that m VZ?rRT o | 7y L

JM( " ) ) - o . - )

s-Vewerma .. (31_'-’--“"”
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the welght loss m per second from umt area 1f the molecular welght

1 5L

M of the vapor and the stlckmg coefflclent a, are known Fortunatelyr

- for most metals ais nearly equal to one and the vapors are monatomlc

In 'the Knudsenzmethod vaporvpressures are also detei'.:'mined

- from rates of Weight loss of sampleé'. Because of certain technical :if

. advantages it has to-a large extent ;"eplao_ed the Langmuir me'thod.'.‘"--v'".

o In_'part‘icular, the sticking‘ooefficient, a,'lneed_ not be,lmowri"ih'the

e

m Pa VM//27rRT

Ja \/27:RT/M ""»(Irrivi?i@, 33'1_;)-\/TIM




.7 applied. (See appendix) \ -

;  Real Knudsen cells deviate somewhat from the ideal behavior
sketchéd above.‘ 'All the factors are .not fully undefstoo&. Cvlatusing3 |
derived a corfection_ for the channelihg effect due to thickness of the :
knife edge‘é of the hole. Speiser and J ohns.t'on4considered th'é loss .of .
pressure due to the hole as affectéd by the rate of evaporation from
the surface area of the sample, and M'otzfeld5 made a more aetailed 3
analysis of the action of thé Knudsen cell, In the present work the
sample area was large compéred witﬁ the hole size, since small so.l'idv

particles were used, and only the Clausing ;:oiﬁrection needed to be

il




1t cons1sts of measurmg dlrectly the

_in the present 1ntzest1gat10n
' irec011 force exerted by the effusmg vapor through small orlflces 1nto |
n -f E a surroundmg t/acuum The apparatus con51sts of two mam parts
(1) the vacuum system and furnace assembly (F1g 1) and (2) the

e b

suspension system '(Fig. 2). The suSpensmn system 1s ‘the part whlch .

‘distinguishes this apparatus from the Knudsen_efquion__method. 3 I_t'fT

. 7 ble assembly whlch is held in the hot zone of the furnace Durmg the
o | ;run the effusing va_por fromv'the eccentrically pla_ced holes,in the 'cell,-'
: ‘Hcaus_els‘th_e suspensioﬁ ,.to f'étaté until theivmpulse.moment_u‘m.isi bal- :
anced by the'torque of the suspe'nsioh wire-. ' Th‘e,‘ torque can' be 'measﬁreq;
‘ from the angle of tw1st .which 1s proportmnal to the toroue 1h the |

elastic range. The amount of torque produced can be correlated vtnth
'i"_jthe cell geometrj to obtam the vapor pressure of the sample in the
-:',"'ffollowmg manner' o SR | | S
'2 D¢

. “,?‘lq.l‘azv‘{zﬂ;: S




o

where . D = torsion constant of the suspension filament
¢ = angle of rotation
aland a, = area of the infinitely thin effusing orifice

dl- and q, = disfance_ of the orifices from the axis of rotation

However, in pra.cﬁce we glways have a finite thickness of the hole

which will cause a channeling effect somewhat similar to that of the - -

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

torsion effusion. The correction factor derived by Clausiﬁg3 fakes'

v?_ 1nto account only the probablhty of a molecule which has entered one’

~end of the hole of fmite Iength escapmg into the vacuum system Thls ot

-- correction is suffiment in Knudsen effusion smce the weight loss
depehds only on the number of mdleeules _whichj eseeﬁe. ' HoWeyef,
when we are considering the force's; exerted due to the effusing vapor
the Asituation is slightly different.' iSe‘arcy'and Freeman ’ 7'colol«: into

consideration the angular dietributidn of velocities of the effusiﬁg

molecules since the torsional vapor pressure calculated from the
force exerted by the effusing molecules depends not only on the num-.

“ber of eseapmg molecules but also on the angdlar dlstrlbutlon, and

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

torsion equation as

_ 2D o
ﬁia1q1+f2a2q2 : R _

‘where 'fl and fz are the f_orce'eorrecﬁon faé.tOI‘S:Acalculated by Searcy. ';:'

and Freeman.




il."-'vl'_’v-j;materlal has been vaporlzed hence after con51derable depletlon

Jmethods of determmmg vapor pressures of pure metals and alloys' .

- molecular species in the vapor phase, .
““(ec) The uncertainty associated wlth_ the heating and cooling time in

~ the -weight loss method is avoided.' "

: ’;iwhere depletlon of the surface 1s a factor Measurements by welght-'" E

1oss (or collectlon) techmques can be made only after cons1derab1e :

"More 1mportant contlnuous measurements may be made so that depleé

.tlon can be readlly detected and perhaps allowed for BREC

- “converted into thermodynamic quantities‘as'_describ’ed‘:;’_in:,_sthe‘:__"next s
" section. If ore component is much more volatile than the other

‘v'(say PE greater than 100P A) the total mea‘sure_d press’_ure"may be

g "partial molar quantities for B may be determined from the measuref’; L
ments, By Gibbs—Duhem integration it is then possible to determine
~the quantities for the other component and, of course, the integral

g quantities for the gystem,

The torsmn method has several advantages over the other

(a) Torsmn effusmn measurements are faster than those by the welght

loss method.

(b) Vapor_pr_e_ssures can be 'determined without the knowledge of the"

. The first advantage is ot‘ partlcular 1mportance 1n alloy systems -

S

. . [ . B -

The torque 'measurementlmay be m.ade very quickl'y afte_r 'the specimen

comes to temperature'a't a time when minimum depl'eti_on has,oc_curre_d: :

Vapor 'pre_ssure-s:measured‘ by any of these methods.ma'y be |

TE
. o

congidered equal to the partial pressure fof that component, and the



LI

“the composition of the vapor "This mlght be done for example bygi"'j o

' P
e

'81gmf1cant1y to the vapor. pressure itis necessary to determme

mdependent determmanons have been made of the vapor pressures

Where_bo{h 'com:p‘ene,nts ’a‘fe veié.tile' eno'ug'h’fefebntrib'ute

a chem.ical'enelysis of the condensate of the vapor, . In thlS case, '

_ of both components. The G1bbs Duhem cond1t10n then furmshes a B

valuable check on the ac_curacy of the determinatiens. _ |




In a bmary alloy of composmon A1 x

partlcular composxtlon and temperature equals

PB ,in’anﬁoy

PO'B (pure)

1f the vapor behaves 1deally :

§

The act1v1ty co-efflclent ’YB —"' :

AT -R 'ruznv -

If the values of AGB .

‘are knownat a partlcular temperature AGx can be determmed from

?

Simaniy

mola;l ‘excess entropy AS of component B from the relat1onsh1p




‘ where Y any thermodynamlc property and Y d-_its ideal soluti'on-.f,a:.{
‘value. In order to carry out the GlbbS Duhem 1ntegrat10n of the

‘ . part1a1 quantltles it is easier to. mtroduce two functlons a and B

Slmllarly AS A

‘-

From both partlals the 1ntegra1 thermodyna.mlc propertles can be

obtamed from the relatlonshlps ‘

. AYXS

il

o oxs xs ST e

AY ¥ AYXS ST ey

\

it

oy \ L

1
\

.mm7f;iAH  AG + TAS

4
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. consists of a stainless steel cylinder (A) 14 inches in diameter and -

- which are one inch in diameter, are used fo_r»leadmg in two palrg BN

(G1 and Gz‘) of 1/4 inch copper tubes through rubber seals. 'These_‘ﬁ__:

~conductors to bring the current into the chamber, Each pair of copper«-..

IV. THE APPARATUS - .
The apparatus was designed so that it coulei'.be 'vused for both

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

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 chember is water—cooled by copper

_ tubes (B) soldered oﬁtside the'shell In the center of the top plate

there is a one-half mch hole, . {C), surrounded by a concentric "o"

ring groove wl'uch is used as the upper port for the passage of the , -
Suspensmn system (D), -.and also as an Optlcal window for the optlcal
pyrometer in the case of Knudsen measurements. A s;x-mch-n
diameter right—arlgle-bend pipe (E) is welded ‘tovthe side of the charnb!er,"; o
which is conrlected to a CVC MCF 700 iype oil diffusion pump and a

mechanical pump through a nltrogen trap.

The bottom plate of the chamber has three holes, Oﬂe is for

the inlet of the tungsten»rhemum thermocouple (F ) 'which is mtro— -

duced through a _gla'ss-nmetal 'KOVAR! type seal The thermocouple &

was welded with a plasma':je_t The two other holes (F and F )

'

Ywo pairs of copper tubesg are Water—cooled and are used as _electric_elj.

tubes (for ix‘lﬂowmhdxd iflow off watar)sis rnoxmectedgtc échollow cwcular B
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radiation shlelds (L) is placed\through the top opemng ot‘ the water‘i' |

cooled 01rcular copper plates These top radlatlon ‘shlelds have a*

- of ten volts, Temperature control is achieved through a Leeds and - |

‘ment a maximum sample temperature of about 1700°C may be attamed

1

disc (H1 and Hz) 5 inches m diemeter and'9/16 inch thick with a‘

2 inch diameter hoie at the center, The copper dlSCS are placed on g

top of each other w1th a mica insulation between, Ten s1xty—-rn11 s
diameter tungsten hair pins (I) about 11 inches lo,ng'(which are used =~ ,
as heating elements) carry the current between'the two copper discs. -
The heating elements with the ,two.c‘opper discsvare' snpported on a {.
tripod stand (J) inside the I'v‘a,cuurn chamber. A set of four radiation.f o
shields (K) (the inner'on‘e of tentalum and_'the r.ern'etnder of molyb- ey

denum) is used to surround the heating'ele‘ments. A set of three : -g:” PR

~ one-quarter 1nch 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 tungsten-»rhenidm thermocouple is-

brought into the hot zone through the tube, The 220 volt input is e ‘ o

controlled by a TKVA powerstat then stepped down by twelve 0. 575

KVA transformers in parallel, each with a maximum output-voltage f

Northrup controller actuated by a signal of the thermocouple; A
safety switch which is operated by the input water pressure to the

furnace is placed in geries with the input power, With this arrang’e‘w




VW1th a larger avallable power. source 1t Awyould.be po331ble 'to'use a o
furnace of this type for temperetures up‘to about 2100°‘C o .

The susperxsmn system shown in Fig, 2 1s enclosed .m a 2 1/2
inch diameter by a 28 inch tall Pyrex tube (O). A copper-—to-glass
seal (P) joins the tube to a brass flange wmch is sealed by ah "O"
ring to the upper part of the furnace The upper part of the glass

" tube has a similar flange w1th a'l /4 ~inch Sealastlc flttmg at the ,

vﬁcenter. The torsmn fllament 1s suSpenued lrom— a- 14-1nch_long and 1/ 4_’

| loss of vacuum, 'I'he upper end of the brass rod extends out and 1s

\_'
'

cor’mected to a reduction gear mechanism (S) The 360 to 1 reductlon
, vmechvanlsm is coupled with a:counter',and permi_ts ‘a rotation_ of 0, O.l :
degree interval, The rotating de\'n'.ce is operated mrandallyA at ev |
convenlent height by means of two coupﬁpg gears _(-m.' v Atorsmn
| 5 t‘ilaxrl’ent {T) of eitﬁer 2 rn_il dielrxeteP c_ircullar.turlgste‘z.l :w‘i.rei or .aﬁ_"

lribbo'ntof 1 by 4 "millv c.ross sectlon \;vas-‘used 'fof jthé experxment
»:'Since're'cryste.lli“zed .al‘urhina crucibles were used and the'. cAell jas'se:ri:ll)vl'
in operation’ welghed more than 120 grams 1t was not poss1b1e to use
’ 'jthmner W1res such as those normally used for greplnte cells Slnce

the sen81t1v1ty decreases as the fourth power of the suspensmn w1re

dlameter sen51t1v1ty has to be sacrlflced in order to support the

~
R
t
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. fr_om H. Cross Company) wa‘s _uSed to inerease the 's_ensiti‘vity?’ j

- better uniformity of the dimensions of the ribbon throughout the entire,”‘
- ‘length of the :ribbon torsion filafnent A tungsten rlbbon mstead of a

circular wire is highly recornmended for'torsmn Work Each of the

sen51t1v1ty would be attained by mcreasmg this length Because of

- its- good quahty with' regard to’ tensﬂ.e strength and modulus of r1g1d1ty,

l"-_,'chucks at both ends is used to suspend the torsmn cell assembly
from t_he_torsmn fl»lar_nent.. .A -front'-.surfaced galvanomet;er. mirror.(W)v.;__:

- is glued 2 inc_he's from the top of this rod and serves as a deflection :*

. . num damping disc (X) ‘It is 1-1/4 ‘inches in dlameter 1/2 1nch th1ck :
- and has al/4 mch hole through the center whlch permlts a. tlght

| t‘riction. fit be;tween'the -rod and the damper. .The 'lower._end of this

; obser{red with ribbons than with c»i'rcular wire, which may be due to

’ tors1on f11aments was about 23 mches 1ong No great 1ncrease of

"tungsten was chosen as the torsion fllament materlal

1oad w1thout surpassmg the elastlc hmlt ot' the suspensmn W1re

The ribbon torsmn fllament of rectangular cross sectlon (obtalned

Although ribbon has been used extensively in galvanometer.s’, it'
has never been used in torsion experiments It seems from the s
present investigation that up to a deflectlon of about 90°° the rlbbon

performs ideally. Residual distortion'after_ a run was less frequently, .

G -

All4 1nch dlameter alummum rod 'V) 6_1nches long w1th

>

measuring device. Located two inches below the mirror is an alumi-. %

R
v.,b
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-aluminum rod-i_s attached to a 60 mil tantalurn rod (Y) of about 13~
inches length. This 'rocll extends i_ntc ‘the furnac'e chamber whefe at
the lower end the torsion cell block (Flg 3) is attached

Care was taken to avoid any ferromagnetlc materlal in the

' suspensmn system, since it could be affected by elther. the electro- : ’ :

T i Y

magnetlc f1e1d ot‘ the furnace or the dampmg magnet. The tOrsmn
S/

constants of the 2 mil wire and the 4 x4 mil ribbon were. 1,6 and T 3
1.02 dyne‘cr'nm1 rad respectively, Thé torsion.constants Were
measured by timing the period of oscillation with added \.}ve.ights of i

co 'known moments 'of inertiav Thls 1nformat10n enables ’che torswn

-"constant of the wire to be calculated-

47r (I1 - 12)

Moments of inertia of the weights . |

-

- .
el .
1

o+
o+
]

Periods of oscillation with the weights. .

'Due to the 1mt1a1 relaxation of the torsion fllament 1’c was necessary

- to keep the fllament under the load for a few days before usmg in - 3
order to ensure that the torgion constant did not vary dnring the runs w
-Recrystalliz"ed alumina’was used for the torsion cell becausé ~ A
. of its impervious nature and its resistance to ‘reaction\';vi‘th the mAanf

- ganege vapor,  Since manganese vapor is very reactive at high -

temperatures, a molybdenum or a tantalum cell might act as a sink . "
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for the vapor aﬁd make it diffi;:ult fo attai_n th'é ,equilibriuml pr.essur"e

insidé the cell, Two very thin molyllodvenum lcylinde“rs_weré we'al‘ded L
together and to. a{,'.6>0."m.il diarrieter_tanté.lum rod to form the 'cruc.it;le i
holdefs (Fig, 3). This was d('me in ;)rder to keep the geomet.ry bf o

the céll fairly rigid. The cfucible 1_ids (Fig, 3) were ?nachin.ed with

a slight taper' with diamond tools so that théy fit v'ery: vsnugly on-the ..

top of the crucible. The érucibles were placed in the hollow rvn'olyb-.‘»’.'
denum'cylinders with the holes facing in opp;éife directioné ahd vaere y

secured in place by wedging them with thin» molybdenum "éheetso ‘

L ' One of the problems was the qiffi'éq:l;ty'.;in'ééigfm_imng 'i.h'é:

exact c.érrecti'o.n'fa;:‘tv(v)rv for the orlflce drllled in thealummacrumble

11d,1t isv‘ difficult to machme a .vé'ry mv;mall’linifor;mly ‘c._:yl‘u'xdrical hc‘)leA.f | e
When supersonic drills were used to ma‘k'e._the lhole‘s, they ivnev\itably. .

' 5écame taperied and eccentric. This made it impossibllé to calculate'
exactly the area and the channeling effect cor.r'ecj:iori factor, Howgver;,ig; ;

~ the vapor pressures of pure mé.nganese calculated from the torsion = s

constant data and the approximaté hole area ég‘reed with the literature S

- -values within 10 to 20 percent depending on the hole size, indicating - L

vtl,hat the setup .in general was performing saﬁsfacforilj;. |
In this mvéstigation_ the deflection was ﬁ;ea‘éureq by the null R

~point method. After the mirror was deflected by the vappr pfes sure

torque, it was returned té its orn'iginal position by manuaily Operatving‘ .

~ the gear mechanism at the top of the suspension system.. Thus the . e



© * angle required to return the mirror to'its original position is equal

= & 5 <

" 'to its angle of deflection.” The angle could be read to the nearest .

70. 01 degree. “The precision of 'itl'le'_‘ihé;'as’u'lﬂn"ém{er:lts'v was found ’co_"b‘é

, oo . . . . e

»vibration of the cell. A light and..a écalé were'piaced at'a di}stévr_i(‘:fe»

: 'Si.nce_the_

“d

- -.of about five feet from the mirror, deflection was measured

cm per degree. .

- B



V. MATERIALS
Electrolyti.c‘ iron aﬁd manganes.e‘ of 99.:95 pércéﬁt‘purity v' |
wére'used for the preparation of Vﬁi_ev alloys. ,TWélve éllbys of about
800 grams each conté.im'ng 9 .to 80 perceﬁ; 'ménganese were melted
in an iﬁauction_ furnace in alumina crucibles under héli‘um atméspbére.
The alloys were pourgd into a watef-cooled coppex; moiél.  Since t.he:
~ liquidus and so.li‘dus temperafure diffe.rencelé in theA iron-mangahese s
system (Fig.. 4) are very small, the very rapid quenching should lead :
- to negligible segregaﬁpn_in the alloy. Eiéctrop 'probé analysis Wé.é_ o

- - carried out on some of the quenched samples and no inhomogenity was " =l it

.. observed. 'I‘he'v70.anci 8vO ijerc_eht mangvane.se,allloys were very brittle -
and the ingots‘. éhafteredi dur.ing quenching, Most of the alloys were _:
sawed, and thé séwe_d partiéles‘ (0.001 t0 0,5 mm) were uséd for the. =
~expérime#t; the 70 and 80 pefcent alloys were crushed before using,

'.H -

Fine particles were used in order to increasge the ratio of the surface

area of the alloys to that of the orifice, About 1/8 inch of the alloy

 was machined off from the surface of the ingot and ,aiscarded. The.

(v. ; ‘wé;
- top, middle and bottom sections of the ingbts were then chemically o S
analyzed. The manganese analysis was carried out in this laboratory - - 3

. by potentiometer titration as described by Lingane and Karplus,9 ‘The -

'iron analysis was done by dichromate titration. The precision of the o
~ . ultimate determination of the composition was about +0, 3 percent. . o
Ten of the alloys were also analyzed by the Chemistry Division of the "

University of California, Lawrence Radiation Labor‘ator‘-y,. 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 givgn in Table I:

1

‘Table I

Mangane-se Content of Alloys

) Alloy Mo Al?oy 'XMP S «H -
1| 0.090:%.001 - 7 0.452 £ .002
o 2 0,197+, 002 8 0. 499 + 17001
3 | 0.253x.002 9. 0.548+ 003
~ 4 o] o0.318£.001 . | 10 10.597 % , 002
5 | 0.340%.002 | 1| o 700 £ .001 -
5 | o0.402¢.001 1 12} o 802 + . 002

. No weight loss correction was ﬁnade for the to;'si-on reéult's, :
sihge the Weigﬁf losses were very small .(about 10—3gm average)
‘ from"t.he 10 gram of samples used for each rt'm.,» Thus, ,théborrgc— -
tion Wals.less than the uncertainty of the mﬁhgaﬁese ané].jéeé. . Hovﬂ .
ever, for the Krfudsén reéuits the weight losses W.eAre"in the oraer- of - B
0. 09 grams and were taken into conside‘ration; the average composi- - ".f*
| tion between the initial and the final fun after evaporation was takéﬁ e

‘to be f_he composition of the sample, -




o VI EXPERIMENTAL PROCEDURE

RO : The Knudsen effusmn techmque was flrst used to determme

- the vapor pressures of both pure manganese and the alloys Two

-_Qcoaxlal cruc1bles of recrystalllzed alumma were used as the crumble

assembly, the crumbles were placed in a molybdenum cup, and thej
- space between the crucibles and the cup was packed w1th alumma

powder (F1g 3) Th1s was done because the facﬂlty for makmg snug'

:vflttmg llds Was not avallable at that tlme To av01d the problem of

-":geometry of the hole the same cruc1ble hds were used for both the'

. "pure metals and_ the alloys. The cruc1ble was placed on a molybdenum

| .;_.'block on an alumma stand and the thermocouple was placedv~wath1n
‘o ‘ 'mch of the sample The tungsten-rhemum thermocouple used was

o _~»found to be quite suitable Although in the temperature range of the

L ' couple has _a higher temperature coefficivent_ and is mor,e _co‘nvenient.-} i

L

o ;_:'f “ It was found to remain stable well above 1650° C, "hence it is to be ’

iilimit

The thermocouple was cahbrated by both a.n optlcal pyrometer

" and a standard Pt-Pt+10% Rh thermocouple The uncertamty of the
L ,temperature is probably 1° to 3°C; however'-, ,smce the vapor presSur
.f?’,measurements are relative,. the absolute uncertainty in.temperature *'F

..\

will have little effect-on the final results, as the same temperature |

calibration curve was used for both pure manganese and its alloys.

§
teo-
s
i



.~ to.make the vapor préssure determined expérimentally agfe_e with =

©. 'that giv'ev'n in the 1i‘ceratﬁfé.1 % The é;verage corréction' factor for all the

‘a correction factor was calculated, The Clausing factor,times hole

. determinations from a given hole was then used to give an"'experimentai" =

Crucibles with approximate hole areas bf.0.40022, 0. 0077 and 0. 010 c:rn2 '

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 the vapor pressure of pure manganese, For each crucible "

area was fnultipiied by the correction factor whose value waS‘choseh e o

| .

value for P and AH; 98" i was calculated and shown to have no = . ¥,

Mn'’ T2

“temperature dependence and to be consistent to 1:.31'5.0 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 o

-or'deir_of 0.1 gram; the time required for a run wa_s now so long that

the corrections for the heating and cooling times béca;'ne relatively _:v ‘f'; B
insignificant, When there is a da'ngerv of suffacé depletion t‘;xe wei'ght_bli-_.i_ ‘
loss should be kept to a minimum in order to obtain an equilibrium .
value. The rgsults -oi:iained by the Knudsen me£hod are given 1n

Table VL - in the Appendiz. - = e




C et a1 ) a torsmn effusmn ce11 was de81gned In order to test the

' hqles_in the lids, and no deflection was noticed up to about 1500° Kw o

"7 the oscillation period in air and in vacuum was not significant when. "

proper precantions wef-e takenv duri-ng the measuremenfs. "
0, 010 cm2 Were used The theoretlcalca,llbratmn factors and the :

- :'Hteratur*eloare given in Table II

P R
,v

FTURPPRNORRISER A R

To test for depletlon (whlch had alao been found by McCabe '
close f1t of the 11ds a pure manganese sample was heated w1thout any

(where the expected preSSure was 10‘—3_atm),, which indicates. that the.
seal was quite.jgeod.' The torsion constants of the filamente were

,deternﬁined by the method described previously. The diff.eren_ce'be_'t'we_en

\ .

Three hole 31zes of approx1mate areas 0 0015 ',._0

oozs and

O

‘ones determmed fr‘om the vapor pressure of manganese found in the

\,

Table II

Callbratlon of Torswn Cell Assembly

.Hole Agea. ~ Torsion . Factor per degree of deflectlon '
- cm - Filament | Calculated Experlmental
10.0015 | Circular wire |34.7x10 Catm | 42.20 x 10 atm

. 2 mil diam.’

0.001".x 0.004" | 17.84 x 10 %atm | 21.70 x 10™%atm
Ribbon |

0.0028 | Circular wire |20.58 x10 %atm | 18.64x 10 %atm
o 2 mil diam, | », ‘ o

0.001" x 0. 004" | 13,51 x 10 %atm | 12.24 x 10 %atm
~ .Ribbon ' '

10.010 | Circular wire | 5.06 x 10"%tm | 5.64x 10 %atm

2 mil diam,




The calibration féctor was not needed to determine activ#iés, since

the same crucible iids were used fér 'both‘ lthe ailoys and‘pure _rhanganese.
Thus at a particular térﬁperature, the acti_vity is sirhply ‘th‘e fatio of the
angles of deflection of the alloy anCi the pure componen‘c. Hdwever,

the factor was determined in oréer' to facilitate‘the e_val@ation of the |
data. The vapor pressures at all temperatures'wer-e'_thjev'n, récalculated
using the selected average factor. - The heat of vap(;riz.a:;l;_ic;n at 298°K
obtained from the recalculated vapo_f pressures by 't’he tﬁird law methdd

agrees within + 80 cal/g-atom with the literature valu‘e,l 0 Tables IIla

to INf, This indicates that probably th‘e absolute temperature measufem_ent! ‘

- was quite good, since no temf)eréture depgndént er‘r‘or was noticed. The
‘r'nanganese runs were checked frequenﬁly, and fhe confreréion factor
remained constant provided the filafnelit was Rept loaded with the weights
for a few days.

The tungsten-rhenium thermocouple was 'calibr‘ated against
a standard Pt~-Pt+10% Rh thermocouple,' The ,_'standar;c;i__jhgr_'nio_cogp'le
- was embedded in a 20 gram molybdénum_block iﬁside the ﬁorsion cell,
and about 12 inc¢hes of the couple was wound-'aro;md the cell to prevent' -
heat loss thljoggh the leads. The-Wt-R,e eéﬁple was plalced 1n ihe' d_ummy }
cell which was kept at a constant distance of about‘?ﬁl/‘“ 8 inch bgléw the |
torsion cell du:ring both the calibrationv and ‘_ché Ae’:»;_;})erim.gnts in c‘n‘de.r‘

to avoid any uncertainty due to possible temperature gradients in the . -

furnace. The temperature of the furnace was controlled within 0, 5°C. "~

-{ < “"2
1
i
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At the b s e orsetit e Sastnd mit s

they were put in the crucible holder'and the chamber was evacuated
toa vacuam of .lofsmm,Hg‘. ‘It‘was-lnece’ssary bef_ofe eat;h runto wash
the 'cr_ueible- and the lid‘.w’ithv-dilute mtrlc ac1d to d‘issotvg manganese

- deposited on the cell wall. Several fe.mpty,cruoibleswere put ihtoﬁthe’*

“' furnace and heated; no torque .was noticed; therefore no volatile - L

substanc‘e-wa’s in the cells, After several runs the‘ c'rucibvl'es'.?s'eemed'i

. to become shghtly tarmshed The tarmsh dlsappeared When the empty ‘

cruc1bles were heated above 1500°C

»,-,After loadmg the crumbles and evacuatmg the system they R

Were heated slowly to 200°C to remove any volatlle 1mpur1t1es whlch

N

mlght be present and to degas the sample The cruc1b1es Were further

S heated to about 500 to'600°C and kept at that temperature for tlmes up

!

to 8 hours. Usually no deflection was observed at eithexf stage._-v .

) Durjing operation of the torsion effusion cell the debieti’on _of;:j'é

_the' surface concentration of manganese' discussed in the Intr'od\';tc1‘;_5_0}'1

[PV -

tvas directly ‘obser;vablbe.v As the sample oame‘ tO'tempefature, a torque;
in the suspensmn was developed; this. deoreased w1tt1 tlme 'Thedecreas"e'j_:;t
’ '-was much too 'great to be accounteld for by bulk depletlon of manganese;
measurable depletion occurred in samples with low manganes_e eoncene

trations after the evaporation of only 1078 grams of manganese,

o : -~ The depletion was more pronounced the lower the mangahesé_ -
o _concentration and the higher the temperature of the run. For alloys .’ o T
i * : ‘



‘containi'ng 40 atomic percent ﬁmngane_se and lower, torque readings
were takeﬁ soon. after attaiﬁment of temperature.‘f In several cases
at the higher temperatures it Was necessary to provide a fresﬁ sample |
fbr each run, For higher ma.nganése contents it was possible to maké
readings at all temperatures without r.eplacin'g_t.he isample.' The
depletion effect ig greater, aé expected, With the larger hole diameters,

As shown by the results (Figs. 5 -~ 10 and Tables IVa to IVL ) consistent

" temperature dependences were found excepf 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

ca'libratéd'by measuring vapor pré’Ssures of pure _manéahe se (see page 29)

Results of the calibration runs are shown ing Tables Ila to IIIf, |

33
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. 'IVI and VI (see appendlx) Der1ved values of AG . are plotted
_'rehable ngher values of AG
_ a_nd can be explained;_as »theveffect of depletion.
f_'at 1450°K are shown m Flgs. 11 - 15 Knudsen values of AG

mtegral a.nd part1a1 molar quantltles at 1450°K over the entlre comp051-
" tion'range are' glven in: Tables V-and Va and Flgs 14 - 15 Results \ofA"_

".Velectrongprobe analyses are. dlscussed 1n the next sect10n

"vn EXPERIMENTAL RESULTS

- Experlmental data are glven in Tables IIIa to IIIf and IVa o’

Mn

versus temperature in Flgs 5 - lO Exammatmn of these f1gures_=

makes it qulte clear that the mgher values of AGM , are the mos’c _

correspond to hlgher vapor pressures

M

-

The _ e_ffect. ,o_f de_p_le -

Mn

using the values of AsE nﬁ obtalned from the torsmn cell The selected

L
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‘VIIL DISCUSSION

The iron. manganese system shows a larée bosltlve de\)latl'on3

from Raoult's l'aW:j at all 'compositicns (Fig.‘ 1,1)' Th1s is unllke |

| prev1ously reported resultsllwhich 'indic'ate'd b‘negative deviationsia‘t ’

| j I, .most concentratlcns vtrlth postltl\te deulatlons ronlyat hlgh manganese?

'__"concentrations The reason for the dlscrepancy w1th the prevmus

v

experlmental results has been dlscussed as due to depletlon of the

'Asm_

1ron and manganese and the mtegral values ‘were obtamed from Glbbs

G s ey e

Duhem mtegratmn and are g1ven in Table V and Flgs 14 and 15 The

e et i s o

data have '_been tabulated at '14SG°K where.'the face-fc_entered—cubic
- : gamma phase is: stable except near pure manganese (Flg 4) and have
been referred to 'Y Fe and ¥-Mn (both of whlch are face Centered

cublc) as standard states, ~

.‘-

.

SR me_asurements ThlS 1s strong ev1dence of the correctness of the
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' concentration on the ..surf,ace. of the sample., Butler, McCabe, and .

when activities were calculated from their previous data on pure

Paxton’*were aware of this phenomenon and attempted to allow for - o

VT‘he data do not ag_re.e with vapor preésure meaSureménts of '
Butler, McCabe',' and Pakto_n,. 11who found ne,g'ative'deviations from

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

. same 1aboratory,l3on high-manganese alloys bnly, agree very well

11 ’
manganese. Comparative results at 1450°K are shown in Fig. 12,

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

"S'_XS

values of A Mn determined in the preSent investigation, Errors in -

f the earlier work are probably due to depletion of the mangéﬁese

it by extrapolating their results to zero weight loss. However, the -

efféct is so great at the beginning that it is not .Surprising'-the\l extfap—
olgtion was iﬁadequate; |

Ly_ubimov, Granovskaya, and\Berénshtéin,]'ésrstudied the,sySfem_Z .
by collecting the condensed vapors from evaporation from a frgé sﬁr—v
fa'c'e'. The condensate was chemically analysed spéc;crographically. o

From chemical analyses of a series of'compositions it is possible to I

. determine activities of the components. The authors. found Raoult's

law was obeyed at all temperatures; Analysis of the Surface_‘of the
é.amples showed a depletion of the manganese concentration of only

two per cent,

A

Their results agree roughly with'the_Knudsen- cell work (Fig. 12) :

but are very far from the torsion cell data. Surface depletion must be B
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far- greater than they mdlcate perhaps thelr surface samples were S

taken to’ a consnderable depth

An attempt was made to study surface depletlon by electron

| v"'prob’e analysis. Thls was done by determmmg the concentratlon -
'.i'proft_."ile of the_sample after evaporation. | Since the‘,_resolutiono_f :thé
SR . 7.  probe is only one to two mivérons", it was very hard to detect anyeml‘-
fé(:e depletionvfrOm high'manganese alloys,‘v .aS’-the depletion pr Obably

occurs closer than at a dlstance of one mlcron from the evaporatmg

; sur face. Only w1th the alloys contalmng 9 and 19 7 atomlc percent

vé'

vmanganese was decrease f manganese concentrauon beyond a d;Lstanc

: of one mlcron from the surface of evaporatlon observed The present

_,_‘"study 1nd1cates about 10 to 15 percent decrease of manganese concen-
tration»at the surface, although the overal_l composition change-calcu-_‘;:.
lated from the weight loss was less _than one percent, o

Deple'tion of manganese 'from the surface of_ 'the_sample de.pends:_‘

. on the relative rates of evaporatlon versus dlffusmn If d1ffus1on 1s

- than that of Athe sample as a'whole.-qu diffusion is slow . th‘e_surface:" #

»w1ll qu1ckly be depleted to a low concentratlon w1th accompanymg

.

decrease in the measured vapor pressure EEEPRT

i

T J NN

In the followmg dlscussmn we shall attempt to relate surface

depletlon to the controllable varlables temperature are of Knudsen

¢

R - cell hole and area of sample The rate of loss of materlal (manganese)



- i} of the sample 1s proportlonal to Ddx/ dz Where D is the dlffusmn o

from the cell is proportional to the pressure times the area of fhe hole.

-(AH: [RT),
Since PoCe ' the :
' -(AH /RT) _
rate of loss of Mn (grams) o¢ ae v . S (22)

where a = area of the effusion cell hole and AHV = heat of vaporization
of Mn. The significant term is the rate of loss per unit area of sample .
= ~(AH_/RT)

ae

rate of loss per unit area (g/cm ) eC %" (23)

where A = area of the sample,

The rate at wmeh manganese is replemshed from the interior . .. PR

. 5

_.coefflclent and dxldﬂ is the concentrauon gradlent between surface
‘and interior. D varies w1th temperature so the Def} e (Q[ T) Where | ‘.
Q i.s the activation energy for diffusion.. Hence |

. -(Q/RT) '
rate of replenishment Ddx/d! & e dx/ de ) ’- (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 JRT) ) ~(Q/RT) o
_%:e . oC Ddx/dtece = ax/at . (25)

and finally

~(aH /RT) -(AHv-fQ)/RT""

‘a e . AR
PR A A
dx/d,ﬂ_ DA .'. ol ‘A



. The value of dx/d,z 1n the steady state 1s a measure of the magmtude g

1{. of depletlon. . The smaller the value of dx/djl the 'nearer the S_"‘rfac‘?’}‘ .
o ‘concentration of ‘manganese is to the concentration'in thev lnterior.

It is.clear that a small_hole size, a, and a 1arge'ar.eaof'»‘.- B '
sample, 4A’, are favorable to bringing the steady state closer to

.equilibrium. The'effect of temperature depends on the relative‘mag:v:

‘limtudes of AH and Q. For most metals AH is much larger than Q

. S0 that the unfavorable effect of depletlon increases with temperature

,x.:

oL of measurement.‘ For the present_case, ‘it is not so clear, ‘sincej'the

~ values of Q reported by'V\Vells-_'and l:\'/.[ehll,sfor _1rcﬁ;mangane se _alloys;' "'

‘.the vapor pressure by ten percent whereas at hlgh concentra+1ons ‘the:"
'decrease of ‘vapor pressure approaches one percent for the same loss :j'
of manganese. Thxs probably goes far to explaln why the Knudsen cell.
- _.method gave rather good results at hlgh concentrat1ons of manganese

) . o

"7 L -and low values at_ lowconc‘entration's.

s

(
AN

. a Ti_me'..is 'alsoafactorin_the‘ torsion method. f.The:‘flrst‘vand
largest v_alue of the quué: Whic’h'voccurs a-‘s th_e specimen rie:ach'es -
temperature corresponds most closely with the equlllbrlum pressure
At low temperatures depletlon takes: place slowly,' so that readmgs :
may be taken at a serles of temperatures before depletlon becomes A

: ', a factor, At hlgh temperatures depletlon occurs rapldly and may
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significantly reduce the ‘measured vapor preséu_re before the épeci_mén
‘" comes to'temper'atur;e.' Tﬁis méy be thé exﬁlanatic;n why ‘fhe.cux;ves _
in Figs. 5-10 show léw values at thé highest tenx'pezfatureé;_
The following pz;ecautions should be taken during the vapor ‘
_pressure measurements of alloys by tofsion effusion:
1. Aftér the sample is heated, one should observe whether thér;é. k

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 equi‘libriur.n values is to observe the drop. of the angle of deflection . g

| :"t.l;j‘With time and ex‘c‘r‘:4).pola’c¢s,§~ the Values to zero time. Howev'e_'r, in the

. .. present invéé_ﬁgation this method was not successful. Since the rate =

‘A:"'of drop of the twi'stlangie 'depei';ds oﬁ the fatio ;)f ‘area of the,hoiél to
the area of the surfaée, and it was not pbs_sible to repf-odu’ce_'the |
surface area of the samples, which were in the for@ 6f fine.palrtic.les, hence S

it was difficult to reproduce the data. Also for the 1owef manganesé
alloys the rate of drop was very rapid and the amount of’ deflec’ciph o
.'v&'ras very seﬁsitive to time, hence the data séattered too much, and o

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

carry out a proper.extrapolation, one should also know the nature of 'f‘;::," o

the curve. The best results were obtained by taking the readings very: ﬁ_‘-" I

© 7 rapidly to get the maximum value for the deflection at a particular = L

temperature, Howeirer, one has to be very careful to ensure that the o

" cell temb?rature is close enough to that of the dufnmy cell, since th_caré:_-?r}.vf..f |

is always a lag between the dummy and the torsion cell, The time o )




- block waé madévof' molybdenum metal, the heafc

s
3 5

. N

. *

rﬂ-equ_i'x'*edtfé'r ’»the",'tdrsion'_dvéll'to attain the ﬁrdp

y

‘ respect to Ath:e théfmocdﬁp‘letlocated m th_'e. ) dammy.céﬂ”_w'as: éhs'ti_xx_ia‘ﬁted .
from the pure manganese runs and it was _',féuhd tobe _ 'sh'br"'t,‘ prov1ded i

"'ithe torsion cell was preheated o 500 to 600°C.. As the torsion cell

conduction was very:

.good, A little more time than the estimated ‘time was allowed befdfé'-,

', 'the measurements were made.  Even so, the temperature coefficients

':espec‘ially for:- low mangane se alloys; Wérej-'difficjul__tl to qbtairi. a




X ‘«IN_TERPRETATI"ON OF THE DATA

: . “ . In the past, ve.rious models have -'been proposed to interpret
the thermodynamic properties of metallic solid solutions in terms. | e
of the properties of their pure'components However, the lach of e
Asufflclent thermodynamlc data and the complex1ty of the problem makev '

it very difficult to test these theorles. The excess quantltles, w‘hlch. :
indicate the deviations_from ideality, are the most significant thermo-,'f_ L
..dynamlc quanhues in alloy chemlstry The excess quantltles obteuned'ﬂ"

) '_ in this mvestlgatlon are shown in Fa.g 15 a.nd Table V The excess.

.»"‘;"Glbbs energy of formatlon is fa.lrly symmetrlcal throughout the compo.

o '-‘.‘“_fv~s1t10n range Whlle the excess Glbbs energies of formatlon are con-—v_-_:_.f B
sideredvto‘ be more accurate, the excess entropies can be better inter-fl_~' '
preted._ ?he_ idvea'l entropy of mixing is

AS = .;R [m}ﬁw (iéx)ﬁu('fiféx)ﬂﬁ' B
and the deviation from ideelity can be expresse.d'as;'_"’g_-
XS

AS™ = s - as'

o

' The large negative excess entropies in this system__cannot‘he explained’ S

by departure from random mixing. Eepeeially at these high tempera-_

tures any kind of'ordering does not seem to be very. ﬁrobable. ‘

The negative entropy, however can be due to contrlbutlons

- as dlscussed in papers by Orlam and Murphy1 and also by Kleppa17




e . "l”, R contr1butlon to excess entroples. Smce the dlfference of atomlc smes

‘.:.

‘between 1ron and manganese 1s very small one mlght expect thls con-
| trlbutlon to be very small However the dlfference in electronega—

:t1v1ty may contrlbute a negatwe entropy, but thls contrlbutlon cannot

% be estimated.in a vaetal_lic bond, g sl

<

" Several other major contributions to the eéxcess entropies can

5

" be represented as follows. R

s be necessary to know the propertles of face-—centered cublc 1ron'and

o

' manganese Unfortunately 1t is not poss1b1e to retaln face centered-

x.-.

'cublc structures for iron’ at low temperatures and hence propertles =

.Aof th.‘l.S structure of iron cannot he meas‘ured Attempts made by

» v_.AWelssand Tauerlsto estlmate the propertlesmof gamma 1ron are‘
v';."'_i‘-':"‘questlonable s1nce 1t is very dlfflcult to separate the dlfferent contrl-
butlons to the heat capac1ty at low temperatures -The data von face-_.v

M

centered tetragonal manganese (wh.mh contlnuously transforms to

cublc as the temperature is- ralsed) are not very we11 estabhshed

" The v1bratlona1 excess entropy AS for temperatures above the
LT 5 L 1.
. AR De_bye temperature 6 canlbe'expresse,d as’ - .




dependence on the comp051t10n the v1brationa1 contribution to the

capacity of an alloy containing 45 atomic percent manganese and 55 i

f changes of electromc spe01fic heats that occur upon alloylng If

: SR X
. ~entropies as

RESIRVIIETR I RPN . - Sl
Asx.sb ~ -3r 28 :

Vi i \ Gauoyu ’ ,

Wwhere A9 =0p. am o T X0y +(1 X)e ] - ?
| 1-x &5 0% - L

Dependmg on the dev1at10n of 0 for the alloy from the 11near

- «

fexcess entropy W1ll vary A pOS1t1ve dev1at10n (higher frequency of

'v1brat10n) will contrlbute a negatlve excess entropy of formatlon

~Wei, Cheng and Beck1 have measured the low temperat’ure heat

2

atornic percent iron and they report the value for @ lloy to be 482°K ‘- Ty

Estlmations of 6 values for 1ron and manganese indicate a p081t1ve

deviation of ealloy frgom the geometric mean values for the pure 'com.-._-. SRR
ponents, and this will contribute to anegative'As:isb: o PR o ‘_

The electromc excess entropy, AS » ter‘m: depends on.th.e‘..i;_;

'

atures (C = ’YET),we'_have an expression for the electronic excess;




--.;
» . . .,«

to be 14 6 x 10 4 cal/gn-atom degree However at present 1t 1s not

rnagnetm propert1es of the alloy and its pure constltuents has been

adelsl 17for 31lver palladlum alloys where the magnetlc pro;.).ertles-

: of the elements and the alloys are well known If one of the pure comv-
ponents has an. unpalred electron whlch is palred by an electron 1n the

second comnonént upon alloymg, thlS w111 contrlbute to the excess
.entropy dependlng on the degree of order m the or1entat1on of the

L2 .

locallzed spm. o

Although attempts have been made to determme or estlmate the
18 .20
magnetlc proper‘ues of gamma 1ron and gamma ma.nganese and ofv.

a few 1ron-manganese alloy:az2 lat present 1t 1s very d1ff1cu1t to draw

: any conclusion. B T SRR




' ‘confirm the present observation that the surface deplétion becomes more -

the properties of the pure componen_ts. R 1

~with the values obtalned prevmusly by amd solutlon calommetry and

.. the values obtamed by Butler McCabe and Paxtonlland Lyublmov et al

','T;__l'I‘hls dlscrEpancy is at‘tributed_to the depletion of surface concentratlonv' :

percent manganese. ‘The increase of rate of diffusion of manganese by o
( : ) .15
. from 4 to 60 atomic percent as observed by Well and Mehl™ “tends to
" to overcome the depletlon of the vaporlzmg component at the surface of

the alloy have been suggested An attempt has. been made to explam the

' ,«o_bserved rather large negative excess entropies of form-atlon in te_rms o_f'; )

' X. CONCLUSION

The activities ,of manganese and its temperature 'coeffioients

between 1240° and 1510°K in the iron- manganese system have been

' measured by Knudsen and torsion effusion techmques. The heats of

formation calculated from the present data at 1450° agre’e fairly we11 o , ',‘.ﬁ: o

Tl
e L,

heat content measuremerits by Kendall and Hultgren, 12 The relative

- partial excess Gibbs energies for the manganese' component obtained» T

by this 1nvest1gatlon are 100 to 700 cal/gram atom more p031t1ve than - i
. 14 S

- of manganese in the alloy in the pfevious investigations. The preSent B | ,

data agree-ivery well with Smith, Paxton and McCabe} 3
A severe surface depletion of manganese was observed .durfing -

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

T 125 percent when the manganese concentration in the ailloy"w‘as increased 3

significant for lower mangane se concentrations. A few possible solutions.

N
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'TABLES Illa through IIIf and IVa through I_Vz-' E

’

Assumed values for pure manganese used in calculation (See Reference 10) . "

.7

AH oo 0= 67060 cal/g-atom

"

i ‘vAS,}l,;é = 0. 30 cal/g-atom deg. -

TTI‘ ~ 1410°K . PR

\-
. . - ’
. ‘a L g
. § .
. : ¢
N ]
'
N
t
L4
L3 K .
- A
. N
N i
4 .
. e oY%
1
K
“
. e
o
A
b
&
Y
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S U
)
i I
. Ly ; !
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.'4,_ -
4 ———

e
£,

N

‘ ""Hole Area&o 0015  om?

'befleetion P l'Ofe?tm Factor:

o TPK Angle, deg.| Mn 10 a%m/ deg

1311 3.00
51332 - 4, 40
‘1346 5.50
;1856 7 |
¢¢1368‘“’
/1381
1402
'.1414;~
1430
1445
1457 .
1471

L al64
. 21,877
22,09

'i.

E i‘-

"_*; Average Factor- .1° deflectlon 21 70 X, 10 Gatm; '

v
i
i
;
3
i

L “* ' O
Bl P taken from ref
-+ " Mn -

. PMn' calculated from the average factor

o



-~ TABLEIb .

Calibration of the Cell Assembly with Pure Manganese Saniple

Hole Area~0, 0015 cm2

Circular wire 2 mil diameter

b3 - Sk 5 v o
o Deflection | P__.., 10 a%m Factor APxr 10 atm{ AH ,cal
TE 1 Angle, deg.| w M™ | 167t/ deg.} M2 298"
1314 | . 1.865 6.955 42,15 6.963 67023
1336 -| 2,40 - 10.19 42, 45 10,13 67104
1361 3.75 . 15.82 42,19 15. 83 67054 :
1381} . .5.25 1 22,08 42,06 - 22,16 67040 . | i
1404 | 7.60 Yos2.12 42,26 32,07 87079 .,
.1428 1" 11,00 46,42 42,20 | 46,42 67063 -
1454 | 16,30 . 68,79 ., 42,20 | . 68,79 | 67055 .
1481 ] 24,10 101,86 .} 42,16 .| 101,7 - 67042
1453 16.05 67.67 | 42.16 67.73 67040
1428 /11,00 46. 42 42,20 46,42 ' |..670863
1358 3.55 14,99 42,23 | 14,98 67085
1313 1.60 | = 6,752 42,20 6.752. 67067

Average Factor: 1° deflection = 42,20 x 10”_6‘atm

P\'* takén from ref 10
< Mn '

L P calculated from the average factor. .

Mn
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i TABLE IlIc

' Calibration of the Cell Assembly with Pure Manganése Sample

ISR

o Hole Area~00028 cn% K Rlbboan 11

'.1‘9‘K : ‘.ilr)eflection PMn;,lq atm }‘F‘?._gécor_-" S = 10:§tff_¥ AHVcal
-| Angle, deg. S 10 2tm/deg. |" SRS N AR

R

- 1313 | '5.60 - . 6.742° | 12.04
1335 8.00 | 10,04 | . 12,55
1359 | 12.45 . © 15,23 © | 12,23 0
1377 17,00 | 20.67 | 12,16 -
1405 {-.27.20 | 32.61 -} . 6 11,99

11430 |. 38.00 - | .. 48,04 |

1455 | -
1289 .} .-
1336
. 13507 :
T 1366 | ]
vif;1377ig o

1391
1405
. 1420
1437 .
1451
1467

[ . B oo . : )

AVefage E‘actor: 10 deflection r=_'fl‘2.'24:~x IO-Gétm.v»"lif- R

T P taken .from refm 2

e . . < P

R T L LT
e oo 7. Py calculated from the average factor. »

w o -
S D e LT s




TABLE IIId

Calibration of the Cell Assembly with Pure Manganese ,Safnple- ,

. Hole Arean0, 0028 cr;?

-

Circular wire 2 mil diameter

63.- -

A ‘ : * -5 Aok -5 oy
T°K:| Deflection | P__ , 10 atm| Factor ; , 10 atm | AH,__ , cal
Mn -6 Mn 298
Angle, deg. 10 atm. deg. - o
1311 3.40 ~ 6.493 19,09 6,338 ‘67122
~ 1322 4,30 7.964 18,52 8.015 67042
. 1342 6. 001 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 |-. 14:20: 26. 06 18,35 26, 47 87017
1414 | - 20210 L 31.52 ¢ 18.67-" | :387.47 ' | 67063 [y
143t | 27.60 %, 50,18 | 18,18 . |. 51,45 . | 66911., | -
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 13.175 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 87070
1312 3.50 6.625 18.93 6,524 67098

Average Factor: 1° deflection = 18.64 x 10-6atm

P*
~ Mn

ok
P

Mn

taken frpm ref10

~

>

calculated from the average factor,




: "I'ABLE IIIe o

-

" Hole Arean0.0028 cmz_ .

T°K | Deflection | P.. ,10atm | Factor ‘
. 4 4 n .. : ¢t -6 o
| Angle, deg. | - | 10atm/deg.

1315 | " 5,60 | 112,78
1332 )60 | - 9,877 | ' 12,73
£1356 | . 11,10 | . 14, | 13,09
1373 | -15,20° | - 19, 12,73
1394 | 21.25 . .21, 12,86 -
i1416 | 31,60 | - - 38, 112,28 -
1432 | 39,20 | = 50, 1 12,80 -
1453 |- 52,00 ;0 | ki FaR :
71468 | 66,90
. +1480. |-.80,80
11449 | "49.80 .-
71771420 7 31,40 ) .
| 13814 17,35 T
1354 | 10,80
11322 | 6,25
1267 2,10 .

~

: " Ave_r’ége Fabtor:ﬂ 1° deflection =.12, 80x 10-6atm e

e I I AR
0 Py taken from _r?fvlro RIS

T R e T
RPN ‘PMn calculated from the.average factor:

*.3 . PRI .v




TABLE IIIf

Calibration of the Cell Assembly with Pure Manganese Sample f |

Hole Arean0.010 cm”

Circular wire 2 mil diameter

_ o > -
T°K | Deflection |P. , 10 atm | Factor P:‘* , 10 'as)tm AHY_ . cal
Angle, deg. | M® 108m/deg.| T 298 7

s g. .
1246 3.30 1.834 5,56 1.861 67028
1267 4,90 2. 710 5.65 2,764 67098

1289 7.50 4,312 5.75 4,230 67109
1313 12,20 - 6, 742 5.51 6. 881 67010
1337 | - 183404 10, 37 5.64 10.38 67062 .
1359 | - 27,05 15,23 5.63 15, 26 67070
1382 139. 45 22, 48 .~ 5.170 22,25 | 67088
1406. | 58,65 33.08 5,64 33.08 67060
1432 | 90.00 - 50,18 ©5.58 - 50. 76 66980 -
1454 123.00 . 68,79 5.59 69. 37 " 67035 -

- .1482 | 184,10 1027 5.58 - 103.8 67036
1455 | 122,00 .69.91. 5,73 68,81 87090
1406 58. 85 33.09 5.62 33.19 67050
1359 '26. 60 15,23 5.72. 15.00 67117 -
1315, 12,85 7,155 5.56 7.247 66963
1267 4, 80 2. 7170 5,77 2. 1707 - 67151

Average Factor: 1° deflection = 5.64 x 10“6atm

" ,
‘P__ taken from reflq
- " Mn A

"PMn calculated from the average fag:tor, o
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L. TABLEIVa ; /.o il

' Manganese Vapor Pressure by Torsion Effusion Technique = . '

X\ in © 0,09

* |Hole Areas0.0015 cm®; Ribbon No. 1; 1= deflection = 21,70 x 10 %atm.

TK . Deflection P, 10—5atm . PR CAGXS.

R Mn Mn- . -
 Angle, deg. © | cal/g-atom.

1409 . | . .2.00 4,340 . | 0,125 | 912 . |
1458 . |° . 4.40 | 9.548 - | --0.130 | =~ 1064. -
S ‘1485 -} - 6.25 - |- 13,56 . 710 0.125 | 971 . |-

S s 1512 ©...8.65 . . 18.55 . «}.-0.118 | - 810 -

: Hole Area,ao,'002'8’¢m2; Ribbon No. 1; 1° deflection = 12,24 X‘10-6at.m..v

1359~
1383 -
114325
1456
14847
11509

500 1,836 0 o
.30 | 2,815 - :
.35, el 4,100 ¢
.95 5|6, 059
.35 ©7.8.996
S 12042

.15 2 0,117 |
. 45 16,46 N | 70,1137 [

Hole Area~0.01 cm™; 2 mil diameter wire; ‘1° deflection = 5.64 x 10 8atm|

.115 | . 633
L119 | 730

L122 | T 1T
J120 | 7. 193
120 | .- 802 .
J115 1 - 692
L1190 | e T16 L e
(122 | 816
L1230 f <, o870

. 7614

. 184
777

. 707

. 976
.358

. 8178
861
. 145 -

. 35

. 10
.15
. 80

. 05
.50
.45
. 30

. 35

1312
1334 .
1357
1382 o
1406 -
et |
Ciss9l |

R T IV R BT SO CRR
Coooco0O0OD

'VQHQU"O’NHI—‘-O

N

A ) "_.v'Sélec‘_:"ce'd Agﬁﬂ

= -2.80 cal/g-atom. deg.” . "

"~ % ghort runs
.. All values are referred fo gamma Mn as the sfg.ndard state,

("

i
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"TABLE IVb

Manganese Vapor Pressure by Torsion Effhsigﬁ Technique

X

Mn

= 0.197

Hole Arean~0, 0015 cmz; Ribboﬁ No. 1; 1° defiection =21.70 x lo-satm. .

.. Selected A_S—XSn._-

M

. % ghortruns

- All values are referred to gamma Mn as the standard state L

= 2,42 cal/g-atom. deg.

1

67

T°K Deflection P, 10*5atm aMn AE}I{\Zn
Angle, deg. ' cal/ g-.-atbm.
1334 1.15 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 T2
1431 5. 85 12. 69 0.259 784
1456 8.35 - 18.12 0.255 752
1482 12,00 26. 04 0.252 725
" 1508 > 16,95 ¢ 36. 78 0.249 02
Hole Area~0. 0028 cmz; Ribbon No. 1; 1° deflection = 12.24 x loféatm; ’
1312 1:30 t.591 0.241 521
171335 2. 05 2.509 0.247 . 602
1359 3.10 3. 1794 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
Hole Area~(0. 01 cmz; 2/milidiameter wire; 1° deflection = 5,64 x 10-6atm, S
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 - " 9.85 5. 555 0.256 721
1407, - 14.95 8. 432 0.251 ° 676
1359, 6.65 3.1751" - 0.246 . 603 |
1406 0 15.30 © .. 8. 629 0.261 o187



TABLEIchQEJVIf.f

Manganese Vapor Pressure by Torsion Effusmn Techmque o

Cx

Mn

= 0.253';

j N %Hoie AreaQO. 00154 cmz;»

Ribbon No. 1; 1° deflecfion = 21: 70'% 10~

Satm.

- "T°K

Deflectibn
. Angle, deg,

P, 10

-5
'atrn

.a

Mn

AG

XS -
~calf/g-atom. .~

1336
11359
| 1383

. 1406
1431
1456

-y

[SIEX N U

.45
.20,
.40
95
15
.00

3. 147
4. 174

1,378
.10, 74
- 15. 52
.~ 721,70

'ocooob

.313
. 323
. 325
317
.306

.306

500

573 -
666 .
695

o642 |
54T

Hole Arean

0.0028 cmz;

Rlbbon No 1; 1° deflectlon =12,

24x 10 6

1288:

'1313];ic“

.1337-
'1357

.1382 ¢
1405 -

1430,
1315
1359

***

1406‘

N AR

N ";J“ﬁﬁf‘_ it iif;-vf
W N U WK =

. 05
. 65
.65
.80
. 80
.50
.55
75 -
.95
.70

q .

T

:':,I1
o

b
SIS

;285
. 020

. 099
. 40

1.
9
3
4
7
0
5
2

142

.65

SB51 ]

36,

. 835 -

cCoocOoocOO00OO

.316

.319
. 301
. 317
322

. 300 “'fﬁfif
304 |
4309W;LTCC
h31533" N

.319 .

4o4vff--’

‘476

9305 '
© 590 i |

+ 609

; 660

s 448-"" ' P

‘v609'“

Cerz |

- wy
TN Ay

1

2 mil diameter Wire‘j 1

° deflectlon = 5 64 X 10

Hole AreéNQ.»Ol émz;

1290

" 1314

1337

1359
1 1381
LATTA05

bd ek

“3 = UV

.35
L7150 e
.15
. 40
.95
. 45:

1/325
2,115 -
. 3.243

.. 471738

- 6, 740

9,842

0. 295
0.303

1 0.309

0.311

0.305
" 0.282

394

. 466
530
554 o
514\‘_.

306 | e

4

. —xé
Seleqted | ASM

* short runs

All'values are referred to gérrima Mn as the étandard state o

-2 22 cal/g atom deg

RN

1
-
-
N ;.}

4

-6
atm.| , -
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TABLE IVd

Mangaﬁese Vapor Pressure by Tors’iozi Effusibﬁ Technique °

X =

Mn

0.318

2

Hole Area~(0.0015 sz_

Ribbon No. 1; 1° deflection = 21,70 x 10‘63tm.

T°K Deflection P, 10" atm a GGiS
: Angle, deg. Mn . Mn . :
. P cal/g-atom. |
1313 1. 20 2. 604 0.378 455
1331 1. 60 . 3. 472 0. 367 382
1356 2. 50 5. 425 0.374 442
1380 3. 85 8. 355 0. 385 529 .
1403 545 -11.83 - 0.387- 550
1428 8.40 18.23 0. 392 597
1448 11,45 24, 85 . .0,394 623
1477 - ©17.50 %} 37,98 0.394 | - 634
t-.25.90 7| 56,20 |} 0,387 - 598

T 1506

Hole Area~0.0028 cm>: Ribbon No.

2; 1° deflection

12.80 x 1076atnL

Y .
1312

1335
1358
1381
1405
1429
1455
1482

.90
.90
.45
6. 65
9. 85
14. 40
21. 25
" 31.05

O DN e

. 432
L7112
. 696
. 012
.61
. 43
.20
.14

cooo0ooOoOo

. 367
. 359
.381
. 386
. 387
. 389
. 396
. 384

~

380
327
488
533
9350
577
641
060

Hole Area~0, 01 cmz; .2 mil diameter wire; 1° deflection = 5,64 x 10

-6

atm‘.

1289

1315
1338
1359
1383
1406

1430 -

1457

2. 85
4, 65
7.10
-10. 25
15, 45

. 22,45 -
32.00
48, 05

Joad
DN 0o O s BN

. 607
. 623
. 004
. 181
114
. 66

18,
21,

05
10

COOOOCCOC OO

. 365
.368
. 375
. 379
. 381
. 383
. 3175
.371

358
385
439
480
501
922

475 -

487

Selected A-S';/?n = -'1,.99: cal/g~atom. deg,

All values are referred to gamma Mn as the standard state
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TABLE IV e

Manganese Vapor Pressure by Torswn Effusmn Technlque

1o deflection = 21, '70 x 1 O_'l(?‘,a'f%nf -

Hole Area~0. 0015 cm>; Ribbon No. L;

Deflection P, 10 %atm| a
s 1 . “Mn.

' " Angle, deg.

L4068 oo
L4110

. 413 -
2419
. 425"
. 426
. 420 =
. 430
L430 s

13357

01361

1 1315

1 1404 |,

oo 1428 )

11459
"1382*
1431,
1456

.90 | 4123
.00 | 16,510
.80 8,246 ¢

.20 it 13,45
L1000 15

.55 , 31,57 "
.35 19,440
. 70", 21,05 i
.05 " *3130.49

o .

RO N OO W W

coodoocooo

2

Hole Arean0.0028 cm’; Ribbon No, 1; ‘1° deflection = 12,

1313 2025 | 21547 - .400 |

1337
1359

ol
I

1382 - i

1406 |

1432

| sz
o | 1406,

1455

'n 3,451':_
5,5,10.H'
7,60

11135 ¢

""’2‘17 ‘00
+ 11,30
- 24, 20

iy

120,862 ;.

. 4,223
LB 242
Cezoz o .
213,89 5
20,81

13,83 °°

. 403

cooooo o

L410 oo DT
JALE
L420 | v
.420 .
L419 .}
.421 |,

Hole AréaQO. .01 cmz;

1289 - ¢

- 1312

11335

1358 - -

1381
1406

' 1430* .

"'1380,
1407"

©, 4.65

7,80 0 L
L. 16,10
24,85
L..35.40 7

1.16.05 7

2 .mil' diameter wire; .

2,623

4,117
+ 8,119
9,080 . |
118,13 - 0 T
L 19,96 i
9,052 e
-.13.93 "

.396
. 406 -
. 409

‘codocooococo

10 ‘deflection = 5.6

397 1| -

L4110} i
.415-
.413'3" SO e
S I O

. 'Selected ABS = -1.88 cal/g-atom. deg. " .

T

‘* short runsg =

--All values are referred to 'gafnma_Mn‘;'as_ ith_é standard state "_: : :
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71
N - TABLE IVf
Manganeservép'or Pressure by Torsion Effusion Technique
= 0.4
an’ 0. 402
Hole Area~0, 0015 cmz; 2 mil diameter wire; 1° deflection = 42,20 x 10-6atm
o . -5 - . =XS '
T°K -Deflection P,10 "atm a AG
Angle, de ‘ Mn Mn
ngie, aeg. cal/g-atom. _
1336 1.15 4, 853 0. 463 377
1380 2. 40 0 10.13 0.4'71 432
1408 3. 80 16. 04 0. 469 430
1432 5. 60 23.63 0. 479 501
Y1457 8.15 34, 39 0.472 503
. 1480 11,25 . 47, 48 - 0. 474 488
.| Hole Area~0. 0028 cm?; Ribbon No. 1; -1° deflection = 12. 24 x 10 Catm, - + | ==
1280 1.60 .| . .1.958" ©0.438 221
1315 2. 60 3.182 - 0,448 - 286
1336 3. 80 4,651 0. 454 322
1361 .- s . 5,95 7.283 0. 455" 374 ,
11381 1 | 8. 40 10,28 0. 467 S 415 o
*+ 1404 12, 35 15,12 . 0,473 - 453 -
1428 . 18,10 22,168 0, 486 - 539 .
1454 - 26,70 32, 68. 0.4%5 484
1481 38, 75" 47, 43 0, 457 436
Hole Areae 0. 01 cmz; 2 mil diameter‘wire; 1° deflection = 5,64 x lo-sétm;
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 -0, 462 - .374 S
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 7

) —xs
Se;ec ted ASMn.

-1.70 cal/g-atom. deg..

i
;

All values are referred to gamma Mn as'the gtandard sfate o :
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’Maﬁganese'vabbr'i’re:ssuré by Torsion Efquioﬁ' Teéhni'quef‘"l.j’* B

A

an |

- [HolexArea.0015 cmz; Ribbon No 1; 1° deflection = 21,70 x 10 %atm, |

Tex - | Deflection | P, 10fv-satm - a Aé?{l\fn )
- | . Angle, deg. | =~ ' ' .

cal/g-atom. - . |

1315 . 1,60
. 1338 . ‘9,45 .
© 1359 RS
1. 1383
414087
14837 ¢
1457 -
2014837 1 aw
1509 |

|Hole Area~0.0028 cm®; 2 mil wire; 1° deflection = 18,64 %10 Catm, -

1312 , 1,75 -‘ 3,262 o, 493 ; 226 .
1337 | 2,80 | - 5,219 | . 0,488 | . . 254 /o
1382 . | - 615 | 11,46 - | ~ 0,504} ' 332 -

- 1405 7f o 9,00 S 16,78 | - .-0.514) . 381 |
1430 .- f -.2718,45 |0 126.07 © |.': (0,515 i 405 |
1456 - | 20,10 | o oo37i47r | 0n. 0,527 | Ut 4440
1483 | 7. 28,90 | . 55,73 .| 070,542, 490 ¢
1509, ). 142,20 ) .. 78,66 | 0,522 o420 o
1407, | .V 9,40 | . 17.52 ¢ [ 0,511 ] 395 ;.
1486 0 o, 20015 4 . 3756 . .0.529 '




TABLE IVg (continued) . o

Manrg.'a'nese‘V'apor -Pres"sure-by Torsion Effusion Technicjué '

= ..4 ‘ | ’ l . -
o T OBE

Hole Area~0, 01 cm.z; 2 mil diameter wire; 1° ‘deﬂectibn = 5.'64 X 10_6atm.

T°K Deflection P, 10~5atm a, . - AGEE
_ Angle, deg ‘ . Mn Mn
, ! ’ cal/g=-atom,

1268 |- - 2,50 1. 410 . 480 150

1289 .. 3,80 | 2,143 487 191
-.1313 | . 6,00 | . 3.380 491 217
..18385 ) ... 890 | . 5,020 -|.. -0494} 237
1380w | © 719,85 | 11,087 500 |0 340 -

1406 | 30,20 .| - 17.03 1 - 364

- 1430 o f744,45 0|26, 07

oopppppdéooo
[é1]
-
o

1456 - {.°" 65,25 | - 36,80 519 ~ . - 398
1481 - | © 94,20 | 53, 13 521 © 415

1506 |  132.40 4 74. 617 515 | - - 392
1266 , | 2,35 , 1. 325 .470] 99

1289 - . 3.8 | . 2,171 . .493 | 224

1311 . 5,70 . 3.215- . 0.495 239

1333 S . 8,50 T 4,794 0. 490 215
1359 . | . 13.80 | 7.783 ' 0.510 - 328

1382 . 20,05 11,31 | ' 0.503 T 296

1429 . 44.45 25.07 | ~ 0.530} . 450

1443 } 55,20 [ - 31,13 | .. 0,531 - . 464

]

~ Selected A-S-ﬂl\{/fnﬂ -=1,52 cal/g-atom deg.

~ % ghort runs

73

523 | - . 415 . |-

- All values are referred to gamma Mn as the standard state o



TABLE IVh

I

-Manganese Vapor Pressure by Torsion Effusion Technique o R

. .“‘: . _‘.= 0.4 9 . : ' .
.. an . 9 T e e

2.

Hole Arean0, 0015 cm‘z; ‘Ribbon No, 1; 1° deflection = 21, 70 x lo-satm",.{a '

ok | Detrestion b, 107%m| 4 I A—él}v{; :
' Angle, deg, | - 1| calg-atom.. |

.536 | . 184 |-
.540 | .. . 202 O
.547 | . 243 . ©
.556 | -7 204 -
1 sz |
oo 348 .. 0 |

.70 3. 689
.35 5. 099
.65 - .7.921
.55 - 12,04
.60 | 18.66
.10 | .0 26,

.60
.35
8,20 -
44,85

1313
11331
1356
1380
1406
1428
1448
o 1479
151506, |
1517000

coooeooo
[0)]
S

2,80 x 10 Catm.

| Hole Area~0:0028 cm>;: Ribbon No,' 2;719 deflection = 1

1315 | 3.20 4,096 0,562 | 308 - |-
1336 . 4, 35 5,568 , 0,541 | 212 i
1359 6. 55 8.384 0,545 - 235, .
1382 - .9.45 12,10 © " 0,544 | 208
1408 | - 14.45 | 18.50 0,580 | .- 0 319 ik
1430 | - 21,40 27.39 . | - 0.570 |- ...375 . |.
1457 . |7 31.85 . | 40.77 |7 0.565 | . .. 358 u. |

1482 - - 46,35 | 59,33 0 f 0,574 | U0 411 i)
1509 | 7t 67.20 .| 86,02 1| .. 0,571 © 399 -




75

TABLE IVh (continued)

Xon 0.499 . - | ‘

Hole Area~0, 01 cmz; 2 mil diameter wire; 1° deflection = 5. 64 x 1078 atm,

Ed

T°K | . Deflection P,10%tm |. a_ AGES

Mn Mn
Angle, deg. : cal/g-atom

S| 1268
1287
1311

.5 1.551
. 00 2. 256
.15 " 3,469
11336 | .85 5.555
1358 ... ' 14,65 | 8,283 - |
1382 | oo22,20 R 12,52 J557 {0 302 L
1406 | 0383,15 “o| 18,70 .7 | . 0,566 [ .. 349
1428 {1 46,90 .- | ‘26,45 . . | " 0,569 | ° -~ ..368 7
1456  { 79,05 39,51t - | -~ 6.557 [-- . 315 - |
.1481 . | /'100,10 ¢ | - 56,46 - .|~ 0,553 | . . 300 .

.528 140 N
.532 |- .. 161 I

.535 | 178
.539 | 205
.552 | 211

,—J
OO b
coocoooo

Selected A.é;fn% -1.35 cal/g~atom. deg.

All values are referred to gamma Mn as the standard state




TABLE IV1

e‘._\ .

'Manganese Vapor Pressure by Torsz.on Effusion Techmque A

3x _ o 548

Mn

Hole Area~0,0015 cm?; Ribbon No. h15ddmmﬂm=2L7021dﬁﬁﬁf“

T°K

Deflection

P, 10 %atm

Mn

AGES
cal/g -atom.

1312
1336
11358

1381

1405
1429
1456
1482

1509 |

Angle, deg.

1. 80

S 2,18
© 4,05 .
.. 6,107
9,00
- 13.25

19,95

729, 60
.43;05

3.906

5.968
8.789
13,24

19.53 .

. 28,75
- 43,29

| 64,23 .
‘| 93,42

R -N-R-R-R-R-R-R=-N-E

-592 . L
.580 " -
.587 |

.600
.599 °
.600 |-
L6104 |-
. 621 =
.618::

f,zoo;;'r

:147iL 

246

Coo247
288 |

g3 |

0028 c:m2

‘Hole 'Ar.'eazvo

13137

. 1336

1358 .

1382
1406

1428

1456

1481
1506

[

’“fj3.25
4,90
7.20
10. 95

16,25
$23.00

.. 35.865

51,00

. 12,00 -

39787

5,998

8,813
113,40
19.89
"28.15
43,645
.62, 42

88,13 -t

: '0".
- 0.
.0,
o
.0,
o,

0

0
0.

606
605

.615
L6111
608"

; Ribbon No. 1; deflection = 12. 24 %

sig
582 - |7

588 |
597

142

.. 258"

Shlggo |

331

e 318;{15:-
0308 0T

231

Hole Aream0,01 cm>: 2

2

1267 .
1290

1311

1336

1360
- 1405 . |
1430 .. |

14537;;--a-
1482 . | .

2.90
4,55
"~ 6,865 -
. 10. 65

16.25 . .

23. 35 :

51,201
-4, 35
~108, 70

34, 70‘

. 1. 636
. 2.566
3,751
6.007 ..
. 9.165
13,17 .
| 19.57
| ~28.88
41,93

0.
0.

568"
572

mil diameter wire; 1° deflection =

5.64 % 10"

c 107
135
164

< "”v ' 199:

204

'-@; 25015'bj
230 Lk

6a’c’m. |

Selected ASM ==1,18 cal/g-atom

A11 values are refex red to’ gamma Mn as the standard state N

o g.' .

1

76
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TABLE IVj
Manganese Vapor Pressure by Torsion Effusion Technique
) gwwf:o.597
’ Hole Area~0. 0015 cm>; Ribbon No. 1; 1°deflection = 21.70 x 10” Catm.
T°K | Deflection P, 10" atm a AGES
~ Angle, deg. ‘ ' ~Mn . M
’ ’ cal/g-atom.
1313 2.00 4, 34 - 0.630 148
1333 2.90 6.293 . 0.644 200
1358 4,45 '9. 657 0.645 | 208
1380 6. 40 13. 89 . 0.644 | 1210
1404 |- 9. 55 20, 72 0.645 216
1430 . 14,35 = |- 31,14 0.648 | 230
1454 . 20,75 { 45,03 0. 652 . 254
1482 31,20 87, 70 0. 655 o2m
1508 44,50 - {  96.56 S 0.653 | 268
Hole Area~0.0028 cm’; Ribbon No. 1; 1° deflection = 12.24 x 10%atm, -~
1313 . 8.55 | . 4,345 Co.e32| o 149 |
1331 © - 4,90 5,998 1 0.634 | ° 158
1356" - . 7.55 9,241 0.637 | - 175
1380 © © | 11,25 [ & T S © 0,635 . 01Tl
1403 16.35 20, 01 |  0.654 ) . 254
1428 . 24,175 30, 29 : 0.651 | 245,
1448 33.55 41, 07 ~0.652 | 252
1490 62. 15 1 76,07 {7 o0.655 | 275
1506 1. 30 94, 62 -~ 0.657 | 269
Hole Area~0, 01 cmz; 2 mil diameter wiré; 1° deflection = 5, 64 x 10—6atm.
1268 3.25 | 1.833 . 0.623) 109
1290 - 5.00 2.820 0.629 130
1337 .. 11,85 | 46,683 - 0.637| 171 .
1382 © 25,60 14. 38  0.640 181 5
1432 57,00 32,15 0.650| = - 240 -
. 11454 79. 95 45,09 - 0.653) . 258
1482 119, 50 67, 40 0. 652 289 e
1508 170,20 { 85,99 0. 649 251 SRV

- Selected A§XMSH = -1, 00 cal/g-atom. deg, =

All values are referred to gamma Mn as the standard sta_.te”,v‘; L
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TABLE IVk.

' Mangane se Vapor Pressure by Torswn Effusmn Techmque

M - 0. 700

L e

| Hole Area~20, 0015 cm2 Rlbbon No. 1; 1° dei‘lectlon = 42 20 X 10

- T°K

Deflectlon .
Angle deg. '

-5

P 10 atm

‘a_ ??}-.’
- “Mn ?

o gallg:-.atqrhn o

e
atm.

1336
1381
1406
1432 =
1455 - o
1482 -

eds09 T

1. 80
3:85
5. 80
8. 15

'”f’Lz 30

.18, 30 .
26,90

7.596
16,25
24, 48
-36.93

113.5

51,91 -
77.23 00

0. 736
0.736;

© 0,740
0. 745("
0,744y
0. 7474

'0.757‘“

173

- 215

140 - oo
137
155 oo
179 |

o189

| Hole Area~0

1267 -

.oozacnf;.

“17065
28,40

41.40 -
62. 30
78, 95

‘Ribbon.No.'z;1°'de

flve‘c‘t'ion =

12,

80 x 10" %atm

Hole Area ~, 0 01. cm2

. 1432

1267
1289
1313
1337
1359
1382,
1406 .

1454 -

129,35
- 43,40, 0 0

- 3.10
5.70 -
8,90 .

13,65

19, 80

65. 30

90,50

2,087
4 3,215 °

7.699 -
So11,1T
- 16,55 ..
24,48
. 36,83
. 51,04

5.020

-0, 725
-0, 733’

0, 7305

0, 733\,&

0. 740.’;i

'5“0;7333?»ff“"
~or, 04 736, |

0.7437 |
0, 740%

2 mil diameter wire; 1° deﬂectlon'— 5 64 % 10 6atm.

- 88

115 ot
105 L
So124
So124 T
140 -
S 156

S & R

189 L0

N

1482

. Selected A-éxs

..135, 60

All values are referred to garrima Mn as 'thé.'sféndard statez: Pl

- 76,48

Mn

0, 740 !

= =0, 64 cal/g-atom. deg.

162 7Y




‘ TABLE IVy A
Mangahese Vapor Pressure by Torsion Effusion Technique

an = 0,802

%Hole Area~0, 0015 cmz; 2 mil diameter wire; 1° deflection = 42, 20 X 10-6atm.

ToK " Deflection - | 'P,10 ’atm a NG
' Angle, deg Mn Mn '
)k ’ * cal/g atom.,
L1361 . 3.05 12,87 - 0.813 .37
1382 4,35 18,36 0,817 - 54
1405 - | . 6,30 26,59/ . 0,816 50
1455 13. 50 . 56.99 0,816 52
1482. | . 20,15 | - 85,03 0. 822 76
1503, | - 27,00 111359 0. 819 64
1479, | 19.25 - 81,24 0. 821 B {0
1457 .} . . 14,05 59,28 - 0.822 | 74

"} Hole Arai~0. 01 ém'z; 2 mil diameter Wire; 1° deflection = 5, 64 x 10~6atm. L

1267 | 415 . 2.341 | . 0,814 38
1289 © 6,3 | 3.581 ° - 0,814 .40
1313 9,95 5,612 0. 815 45
1337 15,15 - 8.545 - o0.813| . = 38
1359 . 22.05 12,44 0. 819 .50
1382 | 32,50 18,33 0.818 { 49
1406 47, 85 . 26,99 0.816 52
1432 71,80 40, 50 10,819 |, 61
1454 | 101,00 56.96 ©0.824 | 82
1482, + 150, 80 85,05 ©o0.82.| . mM
1455, 1 100.90 56,91 . 0.814 - - 45

1406, 47,80 26,96 '~ 0.816 49
1359 22,10 -12.46 © 0,819 § - 54

Selected A?If/fn =.=0, 314 cal/g~atom. deg, :
ok cooling runs |

All values are referred to gamma Mn as thé:standai'd;,state |



" Integral Quantities for Fe-—Mn_._Avlloybs; at _1450°K

o (1,*X)Fe(,y)

* Mgy = P Moy

TABLEV . . . -

Py

80

Mn

‘Phase| AG

’

AH

- AS

SN

Nc

oo LLo

- O o'op

L.

.U‘rtswwr-&o

.
=3 RN

LA 0.
|- -.825
=1240
~1488
-1621
~-1659
{H{ET0Y
- =1607
. -1457
-1200

w940 et

0
0. 351
0. 447

0. 457

0. 422

0. 370 .
(£05:25); .

0,293

C0.232
7. 0,189 .

| o.158"

1120
202
272
318 -
338

(;'-:_ 332 ::,

< m03 )

241

L1420

e
. 'v' ('v.
.
Y
e
:
Es
; ¢
%
4

- "
- s
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: 4 ,TABLE Va . 7~ ’"‘*“. - >;--~~—«~ﬁ.~._ el l
- Partial Molar Quantities for Fe-Mn Alloys at 1450°K -

A. Mn Cﬁorﬂz}pp_nent- Mgy = Mp (0 alloy)

oE I - = | ATKS A = XS
*Mn |Phase] ZMn | 'Mn 8G | AG Al A8y | ASym
. 0 Y | 0.000 1.524 -co - 1215] -3353| o ~3.150
0.1 0,143 1,428 -5608 | 1027 -2966| 1.822| =-2.754
0.2 0,268 1.341 | -3791 846 | -2634] ©.788 | =-2.400
0.3 0.388 1.294: -2792 676 | -2294| 0.344| -2.048
0.4 0. 468 1.170 -2121 520| =-1954| 0.115]| =-1.7086
0.5 0.570 . 1.141 i -1617 381 ~1577} 0.027| -1,350
(£0.014)| (£0.027) | . (+£70).] (£70)| (+400)} (+0.25) | (+0.25)
0.6 0.658 |  1.097{ ~1206 265 | -1171] 0,025| -0.990
0.7 0,742 1. 060 -:.862 166 | -:755{ 0.074| -0.635
0.8 0.823 | 1,029 - 561 82| -.381} 0.124| -0.319
0.9 » 0. 907 '1.008 |- =-.281 23 | ~:108! .0.119 | ~-0.090Q
1.0 & . 1,000} 1,000} 0 0 0. {. 0 0
B. Fe Component Fe W)s) Fe in alloy WS e
x Phase| . a v AG_ |aGEEH AFS AS ASSP
Fe: " “Fe - "Fe “Fe | FPeu, Fe's Fe Fe
1.0 Y | 1.000 1. 000 0 o | o | o )
0.9 - 0.903 1.003 -294 10| =21 0,188 =0.021
0.8 0. 812 1.014 | -602 41 | -.81 0,359 | -0.084
0.7 0,724 1.034 -930 98 | -196 0.506 | -0,203
0.6 0. 664 1.066 | -1288: 183 | -380 | -0.627 | =-0.388
0.5 1" 0.554 1,108 | ~17002 296 | .~667 0.713 | ~0.664
: |{£0.014) | (£0.027) || (£70) | (£70)](+400) |(£0.25) | (£0.25)
0.4 0. 465 1.162 | -2208 432 |~1201 0.695 | =1.126
0.3 0.373 1.242 | -2845 | 623 {~1975 0,600 | .1,792
0.2 0,271 1.356 | =3760 877 |-3108 | 0,450 | -2.748
0.1 o 0,152 1.524 | -5420 1215 [-4678 - | 0.512 | -4:064 |~
0.0 & | 0.000 1,778 | =w 1659 |-6779 0 -5.819 |-
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s ... APPENDIX"

[P N

L3

S

ey L The Kri‘u'd”sen.»eg_'uat_ic_)n‘ .fcr a finite hole 'thickx'liese-whe"h‘the_’ channehng

e g2

effect is incorporated in the idealized equation is:

_ VT

“p I S
"k 44.33lxaxtxK, L Lo

area of the omflce n cm :

,.tlme of the expemme,nt in seconds

- " f Clausmg correctmn factor obta:med from Reference (24) B

The correctlon factor C in Table VI is K‘a (Expemmental) . -\ '
, s K, a (Theoretlcal)

»

£
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TABLE VI

Calibration of Knudsen Cell with Pure Mn Sample

85

o lAverage 10, 8591
hole area~0, 0077 c:x;n = = 1,71 K.f = 0, 550
a = 0..00424(Theoretical)

K £

. - # ~5 . Sk -5 A2 R
T°XK Wt loss Time, P 10~ Correction P 10 AH298 cal
gm, ’ min, Mn‘, ~atm mactor, ¢ m’ atm’ - 25
1273 0.1800 1400 5, 13,18 0.9068 3.052 67148
1282 10,1890 . 1243 3.78 0.9068 - 3,626 67159
1358 0,4698 740 14,99 1,0062 15,90 66893
1388 0,7410 718 24, 80 0.8752 25, 58 66978
Average 0, 9478
_ ' 2 & . .
hole area~0,0116 cm T = 0.9 Kf = 0,694
. - Kpias 0. 00805 (Theoretical)
1319 o0.0858 . 1715 7,52 _ 0,9631  7.455 67060
1321 0,0966 1865 . 7,79 0.9700 . 7.73 - 67080 , .
~.1337 0,1094 - . 1588 10,30 - 0,"9779-: 0 10.34 - 67077 Pl
1379 10,1985 » 1407 21,40  0.9858 21,10 67046 -
' Average 0,974
hole area~0,0022 cm” = = 1.6 K, = 0,566
, Kf soa=0,00125 (Theoretical)
1304 0,1339 - 1181 571 _ 0.8585 . 5,684 67067
1311 0,2022 . 1523 6.49  0.8892. = 6.715 66971
. 1339 0, 2632 1442 - 10,79 0, 8585 10, 79 67060
1350 ‘0., 2868 1163 13,06 0, 8302 12,66 67141

" ‘ .
PMn Calculated from Reference (10)

PMn Recalculated using the averagecorrecttion factor



N . .TABLE:VI (contihued) . =~
"~ Manganese Vapor Pressure by Knudsen Effusion’ o
X | Hole area| T°K | Wt.loss | Time, . P 10 9 L AG;\(/IS 2
Mn em2 | . | min, |- atm| i "Mn
: ~ |, gms. min, at o
l0.0088/~0.0077 .| 1310 | 0.0405 | 4200 | 0.4859 | =396
‘ : " 1349 . 0.0814 | 4200 - 0.9910 ,&359:"
1393 0.1225 3000 | - 2.122 - =324
| ] 1439 | o0.08%0 | 1080 | 4.393 | '-321
~0.01  |'1345 | 0.0755 | 2000 | 0.9210, | -394
Lo 1390 -0.1237 | 1500} ~ 1.980 - | =370 |
0.1028 600§ 4,402 . =331 |

1440 .| -

10.347 |~ 0.0022 | 1323 0.0743 | 4200 2.640 . | -16410.326 |
o | 1359 | 0.0827 | 2500 :5.003 | '-152.°|0.328 .|
" © | 1418 0.0855 | 1000 | 13.21% -} . -137 |0 331. ‘|
~ 0. 0077 | 1345 | 0.0921 | 1200 3.919 | .-266 |0.314 .
' 1384 ' 0,0881.-] 600 7.605 | .-160.| 0.327-"
-| 1430 | 0.1083 | 360 | 15.84 .| -162 . PR
3 ) 1468 | 0.1052-] 200 '28.06 i |- -133"(
~0.01 '|11368 | 0.1146 | 460 6,130 % &= 151
-] 1409 0.1050 | 230 11.40 . |.. -156"
1483 | 0.1551 ] 122 |- 32.57 = [ -281 |-
. ]0.450 ~0.0022 | 1325 | 0.0885 | °3600f - 3.672 | =-114 |0
S} 1392 0.0753 -{ 1000 {.11.53 " | - -v95'10
© ] 1455 0.0704 | 360 30.61 . | “-79 {0
~0.0077 ‘| 1331 | 0.1035 | 1280 34,107 | .- 96 | 0.
' 1482 | 0.1011 | 122) 44.42 - | . -153 |0
0.546 |~ 0.0022 | 1311 | 0.1000 | 4200} 3.537 | - 7 {0
| 1347 0.0903 | 2000{ 6.80 | -3 |0
1404 0.0758 660 17.66 | + 19 |0
} : .| 1451 0.1030 | 442} 36.42 | .+ 35 |0
~0.0077 | 1266 0.0942 | 3000 | 1,555 i} "+ 29 |0
_ -1 1333 0.1044 | 1000|: 5,318 1 .- 10 |0
1439 | 0.1040 | 182} 30.18 + 14 |0
¢ -
j I
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', TABLE VI (continued)

~Manganese Vapor Pressure by Knudsen Effusion - =
',TXMn ] Hole %r_ea JTeK. | Wt loss .Tinge',‘ . P 10';5cm ' A.(-,fw?n : vaMn
: cm gms. min. : : _
D. 597 ™ 0. 0022 1314 0.0802 | 2800 | "4.26 B7. 0.610 -
s : 1373 0.0700 | 890 | 11.96 107 0.618 -
, 1453 0.0742 182 | 41.16 - | 54 0.605 -
~ 0.0077 | 1356 | 0.1183 700 | 8.664 14 - | 0.597
: 1394 | 0.0968 302 |.16.64 | 70 0.609
1452 }. 0.0943 | 122 | 41,01 | 91 .} 0.613
10.699 ¢~ 0.0022 | .1414 | 0.0375 | 210 | 27.54 | 125 0.731 |
: 1440 | 0.0413 156 | 41.22 15¢ 1} 0.737 .
| 1484 0.05735| 116 | 78.14 ~ | 132 | 0.734
~ 0.0077 | 1332 0.05990.| 436 | 6.980 | 98 0.726
1388 | 0.0672 186 | 18.74 . | 128 0.734
1421 {:0.0664 | 113 { 30.83 - | 140 - -| 0.735
0. 800 |~ 0. 0022 1312 0.1123 | 3100 |- 5.38 | 40 - 0,813
' | 1382 0.1448 | 1200 | 18. 41 .62 | 0,819
'}~ 0.0077 | 1336 0.1645 | 1000 8.375 | . 39- | 0.813
1405 0.1016 200 2.651 46 0.814
; ;
O g “
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

R

A.

mission, nor any person acting on behalf of the Commission:

Makes 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

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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