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Defense Metals Information Center

- Battelle Memorial Institute
s O 8 K I NG AVE N U E
C O L UM B U S B o = 1 O
AREA CODE 81a TELEPHONE LR L B B N

ZIP CODE 43201
October 18, 1963

Lt. Keanneth Hooks

Air Force Institute of Technology
wright-Patterson Air Force Base
Ohio

Dear Lt. Hooks:

Enclosed is a list of references on the compatibility
of materials with molten aluminum as discussed by phone with you
recently.

There are no known mota%c or alloys completely resis-
tant to attack by molten aluminum 1)*, Plated chromium itzso-
ported to be resistant to aluminum near its melting point while
stainless zsxols become eubrittled under similar exposure
conditions e The high melting refractory metals would offer
little advantage at teuperatures much above zgc aluminum melting
point as evidenced by binary phase dingran-( . For example,
tungsten is roadi%; dissolved by molten aluminum at temperatures
of 1300 to 1600 c(3),

Only the refractory oxides and graphite apparently are
resistant to molten aluminum., Graphite has good resistance up
to 1200 C. but can be used up to 1700 and 1800 C. Ceramics which
may be useful are i1203, BeO, ThOp, MgO, and 2r0,.(1)

iie hope this information will be of value to you.

Very truly yours,

%

wvalter K. yd
Acting Chief
Corrosion Research Division

WEKB:bew

*Please refer to enclosed List of References.
A DEFENSBE DEPARTMENT PROJECT AT BATTELLE
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ALUMINUM COMPANY OF AMERICA )

% &3

P O.1B0O0X 772 - NEW KENSINGCTON, FPA \L";__J
i
ALCOA RLSEARCH LABORATORIES A;CBA

November 6, 1963

Lt. Xenneth R. Hooks
Box 3035, AFIT
Wright-Patterson AFB
Dayton, Ohrio

Dear Mr. Hooks:

Your letter of October 28, 1963, to Mr. George
Long requesting information on the nigh temperature pro-
perties of liquid aluminum has been directed to my atten-
tion. Neither Mr. Long nor Dr. Foster, the coauthor of the
paper tc which you referred, is now associated with Alcoa
Research Laboratories.

Few of the pronerties of molten aluminum have been
measured in the temperzture interval 1500-2000°C. Estimates
of the values of most properties at these temperatures must
be obtairned from extrapolations of measurements at consider-
ably lower temperatures. There is no reason to believe that
such extrapolations of the physical properties of liquid
aluminum 2re not valid at the elevated temperatures.

A good source of thermochemical data for liquid
aluminum is JANAF TEERMOCECMICAL TABLES, The Dow Chemical
Company, Midland, Michigan. The vapor pressure of molten
aluminum, as calculated from the thermodynamic data of the
JANATF TABLES is presented in the following table:

by *c P (atm.
1800 1527 0.0010
1900 1627 0.0030
2000 1727 0.0079
2100 1827 0.0188
2200 1927 0.0410
2300 2027 0.0818

The density of aluminum above its melting point
has been reported by Belyaev, et al. (Metallurgie Des Alu-
miniumns, I, VEB Verlag Technik, Berlin, 1956, p. 20). The
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Lt. Kenneth R. Hooks

Page Three
November 6, 1963

Some possible refractory materials for liquid alu~-
minum above 1500°C are the oxides of beryllium, magnesium,
and aluminum. Limitations of these materials are thermal
shock, workability, and the formation of aluminum suboxide
at elevated temperatures. You are familiar with the liter-
ature on the refractory properties of aluminum nitride. We
have no information on the compatibility of the nitrides of
uranium and plutonium with aluminum at 1500-2000°C. However,
the thermochemical stability of these materials (See Camp-

bell, I.E., 'umusmmy.' p. 172, John
Wiley and Sons, 1956) suggests that they may be inert to

attack by molten aluminum at high temperatures.

I hope that this information will be helpful to
you in your thesis on reactor design.

Very truly yours,

ALUMINUM COMPANY OF AMERICA
Alcoa Research Laboratories

% 5 Gk

W. B, Frank
Physical Chemistry Division

WBF: jg












November 12, 1963

Lieutenant Kenneth R, Hooks
AFIT Box 3035
Wright-Patterson Air Force Base

Dayton, Ohio
Dear _ieutenant Hooks:

This is in reply to your letter of November 4, in which you asked
for gnfomtion about corrosion resistant materials for liquid aluminum above

15007C.

The National Referral Center directs inguirers to sources of in-
formation, rather than providing bibliographic reference services or answer-
ing specific questions. Depending upon their capabilities, the information
resources to which you are referred will provide one or both of these services.
A brochure further describing our functions is enclosed.

The following information resources and those indicated on the
attached sheet may be able to assist you:

Aluminum Association
420 Lexingto.. Avenue
New York, New York 10017

The Associatior provides special state-of-the-art reports and
answers technical questions.

American Die Casting Institute, Inc.

366 Madison Avenue
New York, New York 10017

The Institute collects and disseminates information on aluminum
castings.

Aluminum Smelters Research Institute
20 llorth Wacker Drive
Chicago, Illinois 60606

The Institute provides answers to technical questions relating
to secondary aluminum and alloys.



















GNE/ Phys/ 64-10

lowest set of points is from work performed in Russia after 1958
and is for " pure, unoxidized" aluminum (33:182).

The accepted method for extrapolation of viscosity data to higher
temperatures is a straight line extension of a logarithm of y versus
1/T (°K) plot. This method is usually good for 50 or 100°K, but it
is certainly liable to error over nearly 1ooo°K. Since plots of
experimental points for liquid metals usually show a decreasing slope
at higher temperatures, it is probably safe to pick p >1 at 2000°C
for aluminum of reasonable purity.
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Flow Chart. This flow chart details the major steps in an
AFIT FORTRAN program which computes the critical radius and
fast and therinal flux distribution for an infinitely reflected
spherical geometry.
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Flow Chart. This flow chart details the major steps in an
AFIT FORTRAN program which computes the critical radius and
fast and thermal flux distribution for an infinitely reflected
spherical geometry.
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Flow Chart. This flow chart details the major steps in an
AFIT FORTRAN program which computes the critical radius and
fast and thermal flux distribution for an infinitely reflected
spherical geometry,
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TSGF [=CUSTF23%

TSGF l«MACRO THERMAL FISSION CROSS SECTION (U235 IN CORE)
PRINT 505 CTSGCs CTDIKs RTSGC, RTDIKs CFSGC

PRINT 505, FSGFl+ CFOIKs RFSGSs RFDIK, TSGFI

SECTION OF PROGRAM TO COMPUTE CRITICAL RADIUS

30 XKIR=SORTIRFSGS/RFDIK)
XEZR=SQRTIRTSGL/RTDIK)
XBIC=SORT{IIFVY235 -1 )#FSGF [ -CFSGC) /CFDIK)
XB2C=SQRTICTSGL/CTRIK)
RHO1=RFDIK/CFDIK
RHO2=RTDIK/CTDIK
XM=RFSGS/RTDIK
XMP=2 A3STSGFI/CFDIK
XH]1=XMP /{XBICo82+XB2Cwe2)
EH2= XM/ (XEZR®® 2 XK Res2)
XEI=RHO2eXH]1#XH2
38 PRINT 520
ACCEPY 521+ RAD
A0 I3=EXPF(XB2C*RAD)
Ia=] /23
ALPHASXB2C*( (23424 /103-24) )1 ~1./RAD
GAMMA«~XE1R~] . /RAD
DELTA»-~XK2R~]1./RAD
ZS5=XE1RALPHAS (DELTA-GAMMA ) +RHO L *GAMMAS ( RHOZ*DELTA-ALPHA)
I6=RHOZDEL TA-ALPHA-XE 1 # (GAMMA+DELTA)
PRIME=ZS/16
BETA=XBIC*COSFIXBIC*RAD) /SINFIXBIC®RAD) -1« /RAD
PRINT 515, BETA, PRIME
SELECT RAD LESS THAN CRITICAL RADIUS BEFORE ATTEMFTING TO CONYERGE
IFISENSE SWITCOH 113844
44 IFIABSIBETA-PRIME ) ~.0001160+604+4%
NEWTON-RAPHSON SOLUTION FOR TRANSCEMDENTAL EQUATION
45 BETA=PRIME
S0 Z7=(XBIC*COSFIXBIC®RAD) /SINFIXBIC*RAD)I I~ 1«/RAD)~-BETA
I8~ (XBICOR2 )8 ({1, /SINFIXBIC*RADI 122 )4(1./(RAD®®2))
ARAD=RAD-17/28
PRINT 516+ RAD: XRAD
NEW VALUE OF RADIUS MAY BE ENTERED [F SOLUTION DIVERGES
IF(SENSE SWITOH 215%4,.%3
54 PRINT 520
ACCEPT S21+ XRAD
G0 TO 5%
53 IFIABSIXRAD-RAD 1-+0001140,40,+5%
5% RAD=XRAD
G0 70 %0
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120
110

11%
1%

140

1%0

SECTION OF PROGRAM TO COMPUTE FLUX DISTRIBUTION IN CORE AND REFLECTOR

Xw S50 (23%-24)/RAD
YoSINFIXBICO®RAD) /RAD
ZI=EXPF (~XKIRORAD) /RAD
I2%EXPF ( ~XK2R®RAD) /RAD
PRINT 59%0
ACCEPT 521, C1
Cl=POWER LEVEL VARIABLE AT CRITICALITY
A2uC1OX® (ALPHA-RHOZ*DELTA) /RHO2®XH2#Z 19 (GAMMA-DELTA)
Abm (ClOX-A2®XH2821) /22
Cl=(CloxHIoX A2 1) 7Y
VALUES OF CONSTANTS IN DIFFUSIONM EQUATIONS,: IN TERMS OF C1
TFLC=Clex
TELC=THERMAL FLUX IN CORE
XNORM«TF L C
XNORM=NORMAL | ZATION FACTOR FOR ALL FLUXES
FFLCoCAOY-XH]®TFLC
FFLC=FAST FLUX 1IN CORE
FFLR=A2#)
FFLR=FAST FLUX IN REFLECTOR
TELR=AASZ24XHI#FF LR
TFLR=THERMAL FLUX IN REFLECTOR
PRINT 600+ A2, AN, C3
PRINT 801
PRINT 605+ RAD, FFLC, FFLR,y TFLC, TFLR
RAD=0,0

IFISENSE SWITCH 111104115
RAD*RAD+0.0%
GO T0 130
RAD=RAD+ 1.0
I3=EXPF (XB2C*RAD)
IAw] 72
XK= ,50(23-24)/KkAD
YoSINFIXBLICORAD) /RAD
ZI%EXPF (XK IRO®RAD) /RAD
Z2#EXPF (<~ XKE2RORAD) /RAD
TFLO=(C1ex) /7 xmORm
FRLOSILCAOY ) /XNORM ) XM ®TFLC
FELR= (A2 ) /7 xN0ORm
TELR=ULAARZI2 ) /XNMORM ) 4 XH2#FF LR

IFI(SENSE SWITCH 2)1%04140
PRINT 605+ RADs FFLC, FFLR, TFLC, TFLR
GO TO 160
PUNCH 606+ RADs FFLC, FFLR, TFLC, TFLR
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S00 FORMATI/BXLASHAF [T FORTRAN PROGRAM TO DETERMINE CRITICAL RADIUS)
SO)1 FORMAT(/BXAPHAND FLUX DISTRIBUTION FOR AN INFINITELY REFLECTED/)
S02 FORMATITX+SIMSPHERICAL GEOMETRY USING TWO-GROUP DIFFUSION THEORY/)
S04 FORMATIZIELS .8 ))
S0% FORMAT(/(E20.8))
S15 FORMATI/SHBE TA=F 10«6 ,AX s 6MPRIME=F10.86/)
S16 FORMAT( /AHRAD=F 10«4 s AX s SHERAD=F 10467
S180 FORMATI/IVHENTER FC23%, CFCAL, CFON, FORMAT 3EL15.0)
S19 FORMATIIELS.H)
520 FORMATI//AIHENTER RADIUS IN CENTIMETERS, FORMAT Flo.s)
$2)1 FORMATIF10.4)
$90 FORMATI/JGHENTER C)l (POWER LEVEL) s FORMAT Flo«.s)
SO0 FORMATI /ZIHAZ=E LA B AKX THAASE 14 B 0K INCI=E LN/
601 FORMATI/ZBX IMRAD o 12X oAMFFLC o LIXaAMFFLR LIX G AHTFLCLLIX JANTFLR )
60% FORMATISELS.8/)
606 FORMAT(SELS.M)
160 IFISENRSE SWITCH 3104120
EnD
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AFIT FERTRAN PROGRAM T@ DETERMINE CRITICAL RADIUS
AND FLUX DISTRIBUTI®ON FRR AN INFINITELY REFLECTED
SPHER ICAL GEGMETRY USING TWR-GRPUP DIFFUSI®@N THE@RY

« 2955 0000E~02
+41794000E-01
. 17973000E-01
+47890000E-01
A&7890000E-01
S1000E+01

. 6000E+01
.B36B6000E+01
«25700000E+03
«31500000E+03
+30500000E+03
28609000E+57
.%2‘30&“0-0‘

3 suoooc-on
EITER FC235 CFCAL CFCN, FORMAT 3[15 8
225 18E-00 LEA17E-02 .2796hE-01
.91737506E+00

+28351814E+00
3591 E-01

90313833E¢m
3500E+00

ENTERSWHJS IN CENTIMETERS, FPRMAT F10.4
.0

:m:v'x :wws IN CENT IMETERS, FORMAT F10.4
BETA= -,001332  PRIME= =.587785

:nm'nonaows IN CENTIMETERS, FORMAT F10.4
BETA= -,013692  PRIME= ~,07h958

Enc?susmus IN CENT IMETERS, FORMAT F10.4
BETA= -.021296  PRIMEm ~-,056224

ENTER RADIUS IN CENTIMETERS, FORMAT F10.A
20.0

99
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BETA= ~,030002

ENTER RADIUS IN CENTIMETERS, FORMAT FiO.4

ENTER RADIUS IN CENTIMETERS, FORMAT F10.h

30.0
mb '.05“97

ENTER RADIUS IN CENTIMETERS, FORMAT F10.4

25.0

BETA= ~.0h0617
RAD=  25.0000
RAD=  25.2670
RAD=  25.2650
BETA= -, 0M1257
RAD=  25.2650
RAD= 25,1683
RAD=  25.1680
BETA= -, 0AIO22

A= .:Mﬂs

PRIME= ~, 01257
PRIME=

-.037518

PRIME= -, 0M1257

XRAD=  25.2670

XRAD= 25,2650
XRAD=  25.2650
PRIME= -, 0MI022

XRAD=  25.1683
XRAD=  25.1680
XRAD=  25.1680
PRIME= ~.0M1107
ENTER C1 (POWER LEVEL), FORMAT F10.4
Aee 109772856423

100

Clm

+J9312047E+19
""’LC 18
. -
.;u ‘{32-!1
- _'
. “‘
- -'
- ‘ "',
21 -12
- ""
o’ ""

. "?"L.ﬂ%:g
Tmatya
K
1

. +~Oh
. +03
. +03
. «03
.3"1 003
JAR)EE +03
J23753766+03







GNE/ Phys/ 64-10

The temperature in a homogeneous sphere with a uniform

volumetric heat production rate, g, is given by

(35) tir)= ¢t + -a;l- (r® - r)

where r, and t are the radius and surface temperature of the sphere.
The temperature at the inner (rl) and outer (r.) radii of a hollow

spherical shell with constant heating on the inside is given by

1 s
q r
(36) t.:toT‘ (l - l.)

These two equations may be written as

1
= a = =
(37) t, t‘+-&l—ri t,= t(r= o)
1 3
q' r.
i 1 1
(38) S Sl e (T'r—)
1 S

which will give the increase in temperature in the particles at the
interface and the center, above the fluid temperature

No values of the thermal conductivity of either UN (kl) or AIN (kz)
at temperatures above about 800°C are available, so extrapolated
values were used. k, was taken as 0.08 cgs units and k, as 0. 02 cgs
units for an average temperature of about 2000°C. k, is an increasing
function of temperature and k, is a decreasing function of temperature.

Using equations (37) and (38), with T s .03 cm., 5, .05 cm.

and q' = 1.08 x 10* cal/ cm® sec, t. = Z°Cundt.= 2.5°C. For

i
q' = 6.4 x 10 cal/ cm® sec, t, = 12°C and t, = 15°C. For thermal
conductivities an order of magnitude less, or q' an order of magnitude
: 2 2 o . o
greater, the values for the maximum q' are t = 120°C, t_= 150°C.
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