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#.DSTRJ\CT 

'lbe propert.108 of the al.J.oye ot potru,sill.!!'? and 
eodiU!ll a.re under study. i· hyaical Md checieal 
propert1e3, together l'dth r:icll8Ufflnente o! heat­
trmu1for cnet'tioients on mi encinoer~ ecale, 41"8 
being lnvosti{;ated. 'Ibo atatw, of active property 
C088urommt.s and a·1 masurod rerutc obtained ainca 
the la.ot r.:ua,rterly '1eport, C-3152 are presonted. In­
cluded are rocmt results on viaeosity • denaity • and 
corroeion. i')here reaulte arc given on th() property• 
a descrl.ptioh of the Ctll'rQllt ar,parotua and methods 
ie aleo pNUJcinted. Chaneeo in both a1paratus end 
met.hods are necesonry as dictated by eJq>erienee,. 

AU'!'rlO~ 7.ATION 

'l'hia problem was 1ni t.1.e.ted upon the requeet ot 
the Bureau of Ships rroject 990/46 and was aeoir,ned 
NTtL r roblan Number uOl.-06. 
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=r:<, ' . STATEMBNT OF PROBL~J4 ~ 

.. ~· 
The physical and ohe'lllcal properties of liquid 111etalep to- .. ;:{ 

gether with measuremonts or hent trAneter coef.ticients on an i 
engineering scale, are being inveatigatedo The investigation T 
to date has b~en conoernEd with tne alkali metRlso 

PROP'!RTY '-"E.ASUREM'ENTS 

The p1~esent iuarterly Report combines the results obtained by 
the Laboratory und contractors with the Laboratory since the 
preoedinl! ~uarterly Reporte (1) and oovers thi, p~riod from July l 
to October l, 19470 Incluaed as an Appendix is a report by Kine 
Satety Appliances Company, "Preliminary Report Nno 5, Corrosion 
ot Certain netala by Potassiwn-Sodium"o 

PUR IFIC /~TI ON 

Purification studies have been somewhe~ ne~leoted durin~ the 
last three months in an effort to speed up so~e ot the ur~ent orot~ 
erty measurementsn Nevertheless, studies regerdin~ the eft•ct1V9• 
ness or e .,loy scavangers 0 oentritup,\.nBv etrippinu columns, etc . p 

~re still aotlveo Methods tor th9 d~ter~1nation of tra, ,r oxyaen 
1n covering gases are still beiOJ3 tested, and preliminary ~xperi­
ments indicate that th~ oxyg~n content of th~ nitrogen, passed at 
e reasonable !"ate through the standard purification train, is rc.uch 
less than O~Ol percent by wsighto 

The desirability ot the metal still over the ~lass still tor 
iistillati~n of the ~etala was adequately cov~red in the preceding 
report, for nothinp, further has been leerned regardin~ th~ action 
ot the ~~tel vapor on glasso Both nickel and stainless &eel 
stills have bsen constructed tor the hi~h-vacuum distillation work

11 
aQd both types have been uaed suco~sstullYo Pressures atteinAble 
with thes~ stills wero always less than Ool ~lcron-- end usu~ l ly 
below the scale rAr.P,~ or the McL~od gage (001 micron)o VacuuM 
tiRht nlokel welds we?~ obtained with oure ni~kel and rad and oxy­
acetylene weldingo The stills were elwoys pickled by recoo-niv•d 
plckli!lP, procedur~so 

A diaRrem of th~ _ickel still now beln~ used tor distillP.tlon 
work 1s presented. as Plate III., The ·type of metal to 1Zlass seal 
for best results was tor a tim~ a socrce ot ooncerno Three types 

(1) Ewing, C.,T; Hortman~ R.,S.; and .Atkinson, HoBoJ'r.,v NRI. Report 
C-)152, "Q.uerterly Pro13ress Report Noo 4 on the Measurement or the 
Physical & Chemical Properties ot the Sodium-Potassium nlloy" 
July 1947. 9 



of seal~· h.r1ve bter. em1- wyc. 1. (j, cop .. ~r h 1,f J.1:. pf'• ll .;ul ~ p""· 
(2) covar metal to pyrex, and (3) motel t~ tlnss cround j~int 
(sphor1ca1)o The type of nenl .for coru,ect!o•1 to vacuum \7here no 
application of heat js requi~cd r.~s not critlcalo Ilorevc~, tle 
.1o1nt throllGh vm.ich the condensed moto.l had t:, pn.3s was 1uoj~cte 
to ro\,lf';h te:mpornturc tren b?lento Tho copp(.1r h11Ueckeepcr so .1lJ -~ 
nickel plated -- were usod su.cccssfully for 1lst1llat !on t11tl"' the 
stainloss steel still; but brcsk~ee duo to ~emreroture sh)ck from 
not metal slur;s passing throuch durinc; ciati1lat1on and fr0t1 ,,per 
tions involved i.~ cloantng ~~t the still, pr0hibited eff1riont us 
The same dlff 1cult1es v-ere exporionced w1 t-h cover seals o A ercur.J. 
metal to glass joint has elven best rosulfs and is beine used at 
presento The metal t:10.le r,ortion of the joint ls uelded .. J rcctl!r to 
tho stj 11 and is mo.ch med , .. 1th o. projcc ting tube th.at oxtr;nda dowr 
inside the class tube to nrevont contmninction of the efflu6nt 
m9tllls by the soaling compountlo The joint 'ls sealed ti th a hlf,h 
temperature s1l1cone compound ond secured vi th a <;;tandard clain1>0 
The application of the spherical joints, then, provided t1ch~ seu~ 
e.nd aoi:w floxobility for the n~avy stills when attached to t!1e 
glans system. The metal f 1111.ng tube of the still ls equippl')d with 
a standard tapered metnl joint" :for case of introduction o" tho 
metal. The sintered c;laas filter is placed bet\veen the still nnd 
tho receiver to filter out any scale or other solid impurities 
present in the met&ls. The temperatu1e of the filter was n~t suer 
as to invoke action of the metals on the Glass~ 

VISCOSITY 

KnO\m Fae:!~ Eeari;!!LL.~n V1occ-s1Yf. 

Curi'nco Tension end Effective Ilene. - As v. as sho-..:n in tho d ts­
c~s1.on of viscosity 1'tl HBL Report c-~lC'5s the mejor ob3tv~ ... e in 
measuremnntn l'lit!l tho Osti.1ald viscome".;e~ \,O.E ";he influence of sur­
::'o.ce tension on t.hc hydro~tntic hoo.do An accurate value for the 
head at any position of the menisci bctwac.n the two extr.-emcri. n-,r­
mally could be detcrl!llncd oy notinc tho octuu.l balance5. hy<lrost1.lt.1c 
pressure os reg1s~ered by nn attached mnnometero With the u_t4ls, 
however, which presumably : .o vc rela tivcly high surface tens tons, 
chnnces 11."l cllrvature of tnr>n1Jc1 as tho moving rr.enirc1 corr.e co n 
ste t1onary equ111br1um ci:in result 1n appreciable erro1•. Thi 1 \,..,s 
deconc tra ted in an a ttcr. !-,t tn ri00.surc ~llcy heads us lng tho f'c-11 <Jke 
viscomotor doscr1~ d in mu. Roporc c-3105. ',1th such c. scsr.11 m 
surin.6 bulb (3cc vol~me} Qnd receiving bulb (3cm diamot~r', the 
h~ad value r:s observed with t't'~ attnct~od mono1netar wr.H continua. ly 
flU".Juo. tmg up and rlown. ChG.nf;e in c-u.. .... va ture of men1sc-"1s as enu 1li­
b1 ium was reochec, resulted in o.n incroaso tn head allowmg the 
liqu1d to move ~ccyn &na ~cpnat the cycle, ctv1ne rise ~o the flac -
n~t n~ hond. 'l\he !'luctuat.Lons ·urc o'bs,..rvecl to b ~ grcatec t hen 
the m~nlo ... us "'l ';he: top menJur1n- oul'"' wna in the .,maller dlnr.e~cr~ 
'.>bv'lousJy, no ace irate heo ~ '1~1.. ... es could l-o oote.!"le.! '£n1 r tl P.S'3 
un,d1tii.,!lo. i:,vf ty p t.ra·.1t:lon · cs te.ke 1 to a sure tl."t th(; r_\...ctu 
at 1 ons .-.! 1<' .1? u r l + 1' o'tl ;, . ::'.'" 1 ture ch~ 1 ~ 1r t. n 11. r.,bs c f' tl1e 
Mnvt'l'". tt3r cm 1 r i r IJ.,... t r-



The solution of these diffioulties lny in the us9 of a modi­
ti.ed visco~~ter with. a larger mer.~uring bulb and a larger receiv­
ing bulb. Tbs visoometer used for the present meaauremsnts har 
a measuring bulb w\th 30 co volume and main dia~eter or 5 cm, and 
a receiving bulb ct 7 cm diametero .. Tith the large diar.ieters. the 
shap• of th~ meniscus had 1 i ttl 3 et!ect on heed values, B'1d the 
heeds were reRdily ~~aaurableo The sha9e ot th3 ~eesuring bulb was 
suoh that the top meniscus was in the s~aller diameters at the 
measuring marks tor only a very s~ell fraction or the total ti~ee 

To determine the mean etf~otive hend at eny temperoture it 
was neoeas~ry to (l) note the actual hydrostetic pressure, as reP,is" 
tered by tti~ attached manometer, corr~spond!n~ with successlv~ 

fositi,ins ot the rt?enisci betw9en t>ts uppe1· end lower e:xtre"les, i:.ind 
2) note tho times required tor these positions to be r"-!ached when 

the liquid ran out under its own road.. Now·~ trom a plot or the 
experil"l.ental heads at successive positions of the taili:,p m"!nlsci 
aP,ainst th9 fraction of totol time required to reach eech position 
dur1nr- the run, e mean hydrostatic head WAS deter"lined by p,r"lphioal 
1ntegrationo The mean head as obtuined dlft~red trom that oelcu­
lated from th~ dit'1"ereuoes of level at mean time du~ to surface 
efteote. 

Cal1brnt1on and Kinet1c !!;nergy - It has been shown ln pr~oed­
ing reports that tor a vi _cometer ot th~ capillary type, the Poise• 
ullle equation ror absolute viscosity inoludin~ the corr9ction for 
any ga1D !n kinetic energy is: 

_ 11 -p t: r- 4 ""'' \} d 
( \ - ; r( l t , 'a \J L 

p"" 
t -
V -
r -
1 -
m -
d -

absolute visooalty 
a8an etteotive pressure 
time 
volume 
capillary radius 
capillary length 
kinetic energy constant 
density 

Now, when relative measurements are to be ~ade by calibration 
ot the viscometer with a fluid ot known viscosity 8 all or the terms 
in the ~quatlon above which Are oonstRnt tor a r.iven viscometer can 
be determined ,xperioentelly. Grouping all these oonatant termsp 
tbs equation then reduces to: 

~ =- A -Pt ..B d/t 
To determine th~ viscom~ter o~nstants A and B. a P,raphical 

method was employedo Th~ tim~ of flow and tm ~~an etreotive h~ed 
was dGtermin3d tor water at aeveral tempe~atureso Thon by plottin~ 
~/Pt agalns~ d/P~2 0 a etrair,ht lin~ wee obtained, th~ intercept 

and the slope or which determ'n~ th~ valueo or A and n, respeot­
lv3ly, Th~ absolut~ vtscoslty of the alloy et any temperature was 

-3-



then calculabl~ from a. ~.:mledgo of its dene!.ty, the time of 
transp1ratjon, and the ne~n effective prossure. An npparcnt nd­
vontace 1n the above r.~ethod of calibration is tllnt any expansjon 
1n the pyrex viscometer, thou.ch slicht, will be included 1n the 
empirical constants. 

!.:ethoes 

Apparatus - The modified viscometer, tho stto.ched glass systcT'l, 
and the temperature bath are sche:cU1tically presented 1n Plate IV. 
In lino r·ith standard practices, tho complete viscometer unit was 
portable, deslened for operation as a closed system and for direct 
dlst1llat1on 0£ the metal into the receiving bulb. Thorefore, the 
elaborate attochments to the viscometer required under the old pro­
cedure (i!T[, Report c-3105) were no longer necessary. Octoil-S, 
\71th extre~ly l.mv vapor pressure, was used as the manoccter tl.uid, 
to al10W evacuo.tion of the manometer nrr:s. l~anometer readings wero 
made r:1th a cathetomatcr, \'i th the mnnometcr incl.osed 1n a liquid 
bath ~1th st1rror and insulated froc heat. 

Tho tcmpcraturo bath ,1as a standard asseir.bly; silicone flu1d 
1n a J.ars~ unsilvcrod do~nr, electrically heated and controlled. 
Sensitive tempe1•nture control ,vas provided by a mercury thormo­
rcgulator and a super-sensitive relay 1n conjunction wlth n 500 
r.att henter o.nd n vnriac. A nunber of ret>ula. tors were set for di.f­
ferent toI:lperatures ovor the requirod range, to avoid resetting a 
a1nBle regulator after each run. A variable high-speed otirrer 
provided 1rdequa.te circulo t:on of the .rlu 1d. This bath ,:ould con­
trol to• .o;0 c at 50°c and• .2°C at 200°C. 

Temperatures r,ere noted \· 1th a nu.bicon high-precisjon, typa 
B, potont1ometer using a five junction iron-constantnn thermol. 
The cal1brnt1~n or this the~el ncainst standard tempernture rofer• 
ence points was described in ;JRL :::oi)ort c-;105, p. 1;. The tbermcl 
n1e.s furt!1e-r calibro.ted aeainst tt'!O Bureau_ of standa!"d.a couples to 
200°c. The thermel 1s considered nccurnte to• .05°0 to 100°C and 
~ .3°0 to 200°c. 

Operation - r.i:•he portability o.f the viscometer unit .fac111to.tod 
the operLJ.tions involved 1n cleaninc and 1ntroduc1ng tho :cietals .. 
The appora tus eseenbled .for the distillo tion v.·ork •,,:as descr1beJ 1n 
the prccodlng section on purification. The fillinc am or the 
cleaned viscOt'letcr was sealed di1"£:ctly to the arm of tho still bc­
lo.1 t:10 s1nterod f,lnss filter, such that the receivinc bulb of the 
vlsconotcr served as the receiver or the still. Preceding the d1s­
till~t1on, the viscoceter and the still were heated to at least 
250°: under hich vacuum. The distillation or each ;r.ire r..:etal was 
per.formed inn nickel still, and no dist1llnt1on was ~~de unleos 
tho initial prcacure ~as less thnn .l micron. The decired volw:ie 
or metal havinr; been lntl'Oc.uced into the viseol!'.eter and tho £1lline 
arm scaled oft untl~r a slirht nec,:.tive presaure of nitrocen, the 
viscoco~r unit r.c'"' r"'a~y for ret:1ovcl to the ten :;,ero t,1re bath nn1 
subsequent vis~osl ,y dot~rminotio a. 



r.:o.n1pu.la" .. 11 of ti. li u!c _ to t'ic ios•"" •n; bulb tvo.s n , 
pl1~hed by onn1, 1lnt!nc the v~cuun seLt stopcocks (A) nnd 'BJ, 
whUe oltcrnc.toly coollnG and he ntinr, tho °b'.Jl'b (C ). Then 
serve the tilr.e of trcnap1r t1on bctueon the two t'Ulrks on t11 
uri.ne tulb, it ,i&s necessary only to open the stopcock st ·e, 
oqual1zo tho prcasure of sos 1n the tt:lo limbs of th<- v1 ... cc 

D1acu~s1an of P.caults 

This report presents viscosity measurements on e~d1ur 
potassium metal• rroo their melting points to 200°c. (Ta. 
It 1s bel1evod tho.t the meta.ls used 1n these detorm1nc.tton. 
purer than ony tho.t hnvo boen prepared ot the Lnborntory. , 
motnl. ns romovod from the vlscomotor, analyzed within tt 
of' the anolyticnl methods to 100 percent purity. 

The precaut1011s adopted in tho dealc;n of the pre~~ 
e. old the poea1b1l1ty of e.pprocioble error .from either ·1 

o1on or drainsge etCects. Arty error due to retention of 
tho eurtaoe or the moaeur1nt bulb tends to be less, duo t 
relatively small surtace per unit volume. ~h1le no dherer. 
tho soc!ium to the .-alls of the measurms bulb wae observed 
loyor or potass1Wll was noted to stick at the very top and at 
vc ~ bottom of the bul.b. Thie co.used some d U-f1culty 1n ob 
tion of the flcm of liquid past the iooasuring miirks, but th 
of volwce chanGe on viscosity results t1·ould be 1ns1gn1flcont .. 
largo moasurinc bulb also tends to minimize aurface effect~ 'l 

the relatively anuill rntlo or circw:it'eronce to surface arce or 
race or tho meniocus., The procedure to:r determining a mean-c!f 
tive-hcad ~h1ch includes surface errecta has been discussed. ~ 
o.ny one temperature., the determlnntion or appro.xln\8.tely ten , 
be tneon the two o.xtremes was tound ndoqu.a te to obta 1n an nccur, 
value or tho r:ienn-hend. For tho obbroviated temporatura renf , 
actually only one ~ean-head ~as required for each metal. V4r1t 
of' mean-hvad 1n torm~ of m£tol heJ.cbt u-os found e.xp£r1montally o 
be practically ncgli.Gible, and, too, could be calculated knonini, 
the diameter of the l~.cr rocoivinc h.tlb, tho density chance, U1 
tho approxicultc volWte of u.etal introduced. The detorm1nat1on~ CA 
two or more m.oc.n-heads over the tompcrnture range were tilde ~r l 
to establish the nccuracy of the hood vr.:lue. 

'l'be mothod for cs.11bro.t1on or tho viscometer by preliminary 
expor1ments ,. 1th water has clrendy been described. Tho ce.l1brot 1, 
constants~ determined by graph1~o1 solution of water results, wort-
As ~-792 .x 10·9 and B • .135 us1n[; cgs unite. The accuracy or 
these constants nnd eubrequent viscositjr valuea ror the metals, 
necessnrily dep~nded on the preciseness of the water determlnatton~ 
An 1.nd1catlon or the ace, oy of the water mcasur8l!lente cay be o_ 
ta:lned by a comphr r n of cnlc~Jatod v1scos!ti e for the ~nter da 
ago.inst cor1"'eso"' .. 1 ol.. crv d valu , \'·1 tl.e ·axlm n deviation 
s.mo'4nts to onl O ., p re :1•. .L o rat. o ... 1 J. rit,, the fluiu llc 
was suf'f c ,tl, ., o tl'·. • orrec• l n ~ 

rc.c, able. o t more r 1,11 



potassium a.mounUI to or.Jy 4 -percent of the \-"1Dcos tty vt:1lue ni. 
200°c. The overall accurac) of the roported viscosity results 
1e believed to be better thnn ~ J porcent. Hov;evcr, the effect 
of possible attack on the elusa capillary du~1ng clesning out 
operations cannot be overlooked. At the conclusion of alloy de­
term1no.tion::; ,·.1th the viscom~ter, a check calibre.t1on with water 
will be made. 

The viscosity values from Tables I-II aro plotted in Plate J 
for coz:tpe.rison r·i th the experimental values reported by Chiong.((.) 
The viscosity vo.luoa for sodium ~how excellent agreement with those 
reported by Chtong. Tho values for potassium, hovmvor, agree \"'1th 
Chiong's data at 70°c but divorce as the temperature is 1nc110nsod, 
d1f'fer1nr; by as much as 10 percent at 200°C. ( :r.There is at present 
no explanntion ror this difference. Andrade ✓ J has advanced a 
formula to cive the vnr1at1on of the viscosity of a liquid m.th 
temperature. Chianc, in fittinl; this equation to his c,pcrimntnl 
data for potassium, rounds mo.ximum deviation or only 0.59 percent 
for potassium. Ilonever, our expcr1r.lental data ro~ potassium .ftts 
an equation of the type advanced by Andrade equally v:ell. The dcm­
sit1es usod by Ch"ong 1n the calcu1ct1on or nbsolute viscosities 
aro not too \.ell de.fined, but apparently could not differ more thlln 
0.2 porcent fr?m tho densities usod 1n our calculations. 

The present measurements are not conclusive enough to predict 
possiblo error 1n application of the approximate mi.xture law with 
Chiong•e data, reported in URL noport c-,105. However, tho rcoultG 
reported for potassium in this report ana for the alloys m URL 
Report c-;105 indicate, ~1th re3ervation, that the vnlucs for potas­
sium and !'or the high potasa ium alloys "ay tho m1.xture le.w may be 
high by as much as 15 percent at 400°C and 20 percent at 700°c. The 
measuroments now undcrwuy on cetal alloys covering tho composition 
range should clarl.fy viscosity in the lower temperature ro.nge, an<.! 
it ls hoped that an accurate mixture lnw can be presented soon Tle 
large nickel viscometer haa beon reassembled, 1th a smaller capll 
lary, anu v1sc~sity valueg fbr tho metals up to 700°c r.111 bo r;de­
tormined. 

C01!CW~ IO!lS 

The present mcnsuromonts thrm, m1expectod uncert&inty on the 
potc.ssium values reported by Chior..s. Thus tho e.pplicntion c-f the 
approi:ionto mixture 1.sw reported in HRL Report c-3105 to Chionc 's 
eJtended data mey be orr 1n the high potass!um ra11f;e by as much a3 
20 percent et 700°c • 

. Barring di:f'fi~ultics, visco~lty nensurcmonts acc\J'nte to hot­
ter then• l percent up to 200cc uill bo rnade ~~th the pyrex viaoo­
metcr on alloyL covering the co~~os1tion rnnge. A thorough 1nvoat1 
ge.t1on of m1.xture lnws will be node., and their oppltr.ution to the 

---------

c · 

(2) Y. s. ~h1ong, Proc. Roy. So • 
( ~ ) E. • , • A "I 1 dft , .1., C 1., fr. 1 l. . 

)n,1 ,.,n , t\ 1 ':, 7 , 2 64 ( 1 c-: '5 C } 
~ ... er. r, 17, 698( ~atch 197 4)Pn.rt .,. 



present ,..,ork \7 .!.ll l:11.. pi scnted. 

The laree nickel viscometer han boen rec.ssez:..l:,led ,·::!th a 
smaller nickel ca~lllary. AJ soon ns possible, resulta w111 bo 
obtb 1ncd on tho l-' ouid 1nc tals up to 700°c. 

DEUsr:Y 

Knov:n ~acts Esari.ng 0n Density 

Density veluef: fo1• thE! compos1t1on-tomperature range have been 
reported by t:SA. The direct bearing of density on the proc1s1on of 
p1•operty measurements s.nd heat trans.fer dnts. :ust1f'1es every ef­
fort to better ests.blich the vnl1<.'.:1ty of the existing do.to.. To 
this end, tletcrm1:rJU t1.ons wore mado at the Laboratory ,-1th quartz 
dilatometcrs in the lo\'·er tempernturo rnnge and show reasonablo 
agreement ,.1th the USA dilatometer vnlueso 

l~ethods 

Apparatus O The quartz dUatometer which was assembled 1n a 
constant-temperature furnace for density determination, 1~ shown 
1n Plate v., In all. two quartz d1latometers T!ere used, the bulb 
or each bnving u volume of approximately 33 cc and the capillary 
approximately Co25 cc per cm of lengtha Obviously, any error due 
to shape of meniscus or to expansion of quartz wos 3neign1f1cant. 
The furnace, which \·:as previously described under Viscosity 1n HRL 
Report C-3105, was hero suitable for temperature controrEo better 
thane O.5°Cv To~p~rature readinss ~ere noted vd th n Leeds 'lll.d 
?rorthrup, type K~ potentiooeter using o. Pt-PtRh therztocouplee The 
cnlibrotion of this couple (previously us~d in viscosity dctormtna• 
tio110) ,·,as 1~checkcd by additional calibre.tions over the .. ecperatuI 
ranee agnl.nzt n Bureau of stonesrds couple. It can be nonsor,ativ~­
eto.ted that ror these meo.suromenta, tho tompel'.'e.tures r:cr-e cont:-ollc c 
and knoy•r. to be tte':'!" than :l O .. 5 °1;. 

All weighings were ~arried out on a heavy bemn balance accurc 
to .t5milligrruna .. 

Operation - Each dilutomoter TTns calibrated ~ith frech triple 
diattlll')o mo1•cury. At leest three fillinca of mercury \"ere u od 
tor each d1lutomctor, col1brat1.nr, three ovcrlnpping sectionu or the 
cnpillo.ry. 

C'Ofore introduction or the 11111.1.id cetal or c.lloy, tho JSU"'l 
precautlons wero taken to thorouc;hly clean the ,,uartz surfnc,a, 
.f 111nlly prehoa tin~ to 3J0°C under vacu.·tmo The metsl 1n ca.ch case 
~as distilled from a stainless £t~el ~t~ll th.ou.gh a metal to gla s 
seal dire .::tly into tho .:H.lnton.e ter, O.."ld ?.e d na ton:e ter fused ort 
under n s ~it;ht nero.t1 \e rressure of nitrosen. Then to make de•1 
city dctc.rmin,it1on, it v. EH:1 necess 1,y .er,,'v t e.llo\7 the fPm£ce 
tc r 'L. t, ou tl 1 br1 ~ at the 1. j,. ed t'-l!"P" a tu."'e end o , .>te ,. c th 
a cut, t th, r ..... ,1gh cf •.. n " ""' l'1 lt.t1 f1 tu a r .... fv 1rco 
qrk. 
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During U e f 11 ln 1.. L 1 , • all r l ~ : 
alloy ~ er= f "It nd to ad:t-ere to .. l c sur-f'oc.es c:!' the tub '"'' 
from the cnpillary ~c elimivatc appreciable €rror tr m ;~:. 
source, the net WP-1rht of the rota~. V/0.S detormlr,cd at t-11 C'C\nC~l ~;r 
s1on of tJ.e runs. Tho d1latomfter wa.o trnken off in tl c 1 l cy tr,•· 
1.mrlediately above th"\ calibratec: zo11L, ond the weight of th 1 

portion noted bef~re End nft0r r noval of the alloy The 1 
stopcock o.t the> top ot' the dllc+-i:,.z~k,te1• \'!'a used to int.Io ur­
posj t1va pros sure of n trogen for the breaking ope ,at it'r: 

EeJ>orimcntal Results 

This re~ort presents d1lntometr1c meauurements ro~ ur. oli 
and pota3siu.1:1, nn1 for to alloys (2.9 o.nd 13 .. 9 s.tOD!-p~r e"lt pot 
alum) ,•hich o.re 118ted in Tables III-V. Each composition va 1 ue 
represents nn analysis on the ~etal as rGmoved frorr the ~11 
at tho conclusion of tho ooasuronentsa 

Tha vnlUAR presented tend to substantiate tLe 1 w top~ ~t 
determinationE :ri.ede by ?.':SA, ,,h n nll results arc co:-nar c! e, 
thermal. plots of density acainst com_!:'os1t1on. Uov,·ever, nn ex 
rolat1on of ZTPL data for puro ~od!.wn wotud give n velue f'>r l 
at the molting pot-rit >f .927 ll"' com.,cre~ to .9~8 by Ia(>ko " 
was used by LS L."'l tLc extra.in tion c!' th-... sodill!D bu,-.., o.n y <.. 
There still exists some discrepsnces in the dtlat trlc 1 

additional moasuN ent8 en throe or four lloys ahould cl 
dens 1 ty in the l®er t ,mpernture range 

Densitv vnlues o.s obtained o.t !-SA by bu yency r. aaur 
with o. copper olu~er OHL Roriort P-3010) \"lOUld E.pp"'.lar tr 
err•or by the E.mOlmt or the s ur.race t n~ 1,n .r cr<:-f:.' E!C- t • • o 
support wire, v;h ... ch coula a:c.oLtnt to a.s L ch os l I cer.t 
higher temperatures R JUgh su:t fo.c tens ion c rrec ion. 
trapole. tod vn luos for urf~c~ ton ions) wh.'3n E.")plicd to t 
(~ata fo th rurfl mo 1,8.~ l'esult "Jl new df;rrsit:y vnlu s v.-nlc .. 
in line 1.th thoso repir•ed tJy E Rine· {,~J li., is a-,tl ... p 
'3urfaco t .n ton correct .. "'n .... to e:xiat1n[; buoyo.ncy d • , o 
belO\\i tho i,t?tttn~~ -po1nt, 111 clu,•lfy "'Cl'" of tho a ec 
tho· clc.t-a, - at leust 1.n ~he potc, siuc.-rlch !'.J.Jl e. l 
pri:>sont t"1ore o. '"'8 no aurface tc. .a 1 )'l'l Jalu '3 Zor the .1 
~ rou h ~t tu.re lar.s, md only quos .o:i.abl13 values f:>r 

"'D(!t a.lo,, 

If pos ible, a co.pleto a ~dy cf ienstty ano c~ 
curv o \Jill be pr sent d 1n the noxt r port. 

f' r C 1. t r 

e. 



at1ons \'11th tho ppnratus descrlb ... d 1n thl, precedine report hnve 
prevented e.rry accurate measurements to date. nm~over, pr~l1m1nary 
measurements indicate that tho surfnce tension or the motals could 
be much lm~er than indicated by ~uestionable literature values. 
Surrace tension moasurements are 1n progress. 

SP!X IFIC llFAT 

Specific heat measurements are being made nt the Laboratory 
with the mod1f'1ed calor1motr1c method described in the preceding 
Report. t:easurements have been :cm.de on the pure Jr"" tt.,.s aa"ld on one 
alloy to approximately 700°0. Those measurements ·- _ · ! be con1pleted 
1n the near future end the data. reported 1n the ne ... · -luorterly Re­
port. 

WE?rnro irm~ERATURES 

·.~ettlng determinations have been dels.yed 1n favor of' other 
property measurements o.nd to allow progress 1n purU-1cat1on method.so 

co::CLUSIOiln 

A D tudy or the properties or the sodium-potassium alloy 1s 
being conti 
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(lOOnC Percent Potnsstum) 

--- -
Tempern turo Derisity Ter.frro ture Dfnr<ity oc crm/cc grm/cc C 

---;--- ·--
90.6 .0204 

~-5 .Oo~ 106. .0182 ,,5 .oo ~ 
12 cO .81;3 .o .7997 

200c5 .7975 

. 

Ten-perati:re 
C' # .., 

2~-0 
22 .o 
24J. .. 5 
259°5 

Density 
crm/cc. 

• 79"5'6 .. 730 
.7 69-
• 7'.)3l; 

= z:;-
e-:t.i!:: 
I'""'("": 
::.,f'""" 
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Te pe tur oc 

I.49.0 
l~.5 
l b.5 
2 .o 
12h. 

0 .8 "eieht- crcent otos 1u ) 
{2.c Ato -P rc~nt ~o ~s ~ 

Te perot1.1re D asity Te~e a~ur 
C g /cc C 

.y 1;7.0 .') ~ ~to .9 166.5 . c .. 23 .5 
:09 2 

184.5 :~~tl 2 .o 
2lC\.O 24305 

.. 9170 2l5.s .Oc: oc: 206.0 
2 9.5 • Ofi6 
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'?l.5 'e!gt~-.orcont Potnssfu~) 
(1;. 9 At " l'c ,ent Pota.ss :tu~) 

--
nara~ule Dens1t;· Ton:pcre=[ ·,c grzn/cc °C g 

--.-- -- -
r/ • 5 .8~17 263c 5 
7.0 .8 72 2L 6<>5 ~,, .s309 220a~ 

• 5 .8 7? J96.o 
o.o .an12 .1.72. 5 
1t. 0 .sx,1 152.0 

• f') 5 
:~6~~ 127 .. 0 

1.5 10.~ u 5 

-- --



DEt'SITY OF SOD:rtm~ 
•rn:e:sc • 

{100.0 F~1-cent SodiUI.1} 

-
Ton:pero.tura oc Density 

grm/cc 
Temperature oc Density 

srm/cc 
·Temperature oc Density 

r;rn/cc 

·- -i 

110.0 09233 194.6 ·s05it 246 .. o .09;1 
~o~o • 9177 220 • • 99 23:;.o .89i7 

4.,0 .9125 24i.,5 .8931 2gaos .90 3 
l8t'.5 .9075 12 .o .9218 1 oO .90~; 
20t>.O :do~~ ~-0 -92~ la9o~ .91} 
2;r. .. o aO .91 1 o. .9159 
2i5 .6 .8~99 l.~.5 .919 ½U:2 .9211 
110. .9160 126.6 .9~06 -9"21 
l O.C .91 6 118. .9216 10705 .924( 

I 
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DlTRODUCT ION 

Authorization ------
The investigation reported here was authorized 

Wlder Taslc Order I of Contx,o.ct ?,6or1-146. 

Stotemont of Problem -·--------
t1h1le potassiU'L'l and sod11.Jl11 hnve been he.ndled 1n 

large quantii::ies !'or many yeo.i•s, no qunnt1tat1ve in­
torma tion is availablo indicating tho stability of 
ma.ter1alo of construction to the act ton of these metal3 
or their muturos. 

Accepted corrosion testing procedures are lackinG 
for the case in question. Accordingly, a simple pro­
cedure was adopted for this stuny; it is believed that 
tbls testing procedure is so strenuous that various 
mo ter"als can be t"oughly classi!'ied as to thclr resist­
ance to att~ck by the alkali metale. 

The meterials indicated by the proc~dure of this 
report to v.ithstand attack by potassium and sodium will 
be subjeoteC to more r~fm.ed procedures of test. The 
results o!' further corro[1on tost~ on the more rGsistant 
materials will be !~sued in the future as a supplement 
to this 1 eport. 

~lmo'\"llcclcement 

The exrunlnations of the test apecjmcns were nade 
'-.Jy ::1.,. c. !I. Flmnnnucl under t'l-ie supervision or !Jro 
H .. D. :ro\'7ell, Chief t.!etnllu?'gist, or the Bebcock and 
•1r:Ucox Tube COllll'an:ro 



The u. e 01 1., q,u rl !'Y' ... us 11 .,. I , ' crl 'Wt "' r ,. ..; l 

lJ .ium n.11~ ys r.,. t ~ 1r.·1 t t 1.: or ... ture... r 1i.. irir;:r. .; 1 

p1.p1nc, tanks, Vl V'1-, P'l 'i)S, l'."lt .• 110,·. ctt:,•, •\;,· 
cou...,tructrid of mt~rlc."t ·-...nt 1'1lv a .uff1e:i'ltl lo"' 
uzt '''..11 l ~f"- 1~s ! 'Y' L, c n :.W .:k l:.t ,, .rn: :l the •,<; • .... 

pu l h_ l8L i.llfO htl li on the: SO~U t •<>r c,f ~U ·c ..,_,. rnrc.. 
wt ... •1al ~ t} c..)lca. 1 1 t , ... t i!c! ter-:~C!"f u .. 

':ne. no~ ·'~ty /,vpl~ inc-eti r,o l'~ l:F .. o., ~'Inti.&. rq 

po CJ. s, IL' m cl , t ll.J ,u ""'~ rr. ium a. °!.OY"' for , u l 1 c, 
y( a1 1r. • ~ ... h r- • to·pts ua tell r. .- • ,C'nt ~Yl., ou..__ .. u ... 
at ntn.....,$p!1 rlc J'"'0'1~Ud! \',"'1. ... 1_ co~ro1ion 1'1 +-he P. ..11 • 

1c h ~ .:3tr 4 ctly '"•P~11c '). 1 t" th· pN .• C'lt I'l ol "cni, i 
1~ thou(} t \·,or h t:.!11'"' to pre'lt:11t hcru so1G 1' p.J ,IJ.r..t ,, 
whl<'h h.r-.., 'M\..n nccurc.1ln.+·tc !n pro uct on o{ 1':l-Ia £\l"i.c.,~ 
ih~ ba~J~ retorts used gLJ~ ~ude,~J ,~~er R l~a~ d, 
tilling ri~sk, b•li""..:" cc ..,,:r.;...!te~ ; T'✓if> 3ll la c,.., 
, ~ l- ti th.1'..~n.t. 0 'Pl,.. l ck of tht - r,. t w l 
o, wlrrs (,' , P "'. t ·t!.1 .. wl".il, 
'I! s ... i:,uJ.11,. 'l'~n~ ;o~ c..m. es 2" 
re c: ta v. r o u • i , r .l'C'lu c in£,; pot t 
:1 c., 1.un, er c tr,.: <: "l!'r"' s 1 :. , iun t 1 t 1~, 
c.. ;ml .4 !",t'l" ?-. l tl:1 open" 
char f , .. J-. t0i: oratt•r • c acl lit 
re;,..- t fr r-ut"'r. • o~, r< .ctr9r• 
lovela 'l 'l rr, c,. r rC"L l--r 
SE,:t•on<s+""o ,e,,r ,:1 c.rr•t, '"••li:. 
□ 1.dA anl- .. ~-or. ' c ,. e- e,, .. cr t..1l .. Ex • • · "'• ro 1 , 

11 r.,t {'.'ll'~:•,.nt to t"'o pwo .. m •' t'-1 ~ "'r. t .. 

. ,, is ls ,1 -:i tc r .1. .. l1h •,f' t;h ,cl plE.:s n 
:'1-;. ~ \· 1 pl 1l rar-i~ r e .... "1 
t\ he $he l• ~: c.. l 1. cl ( C. l : • ~ .l , , 

r: r. t. ( 
.·(.; } '1:'l +- .l 

... U.., h J..f ,r t.•ie •• 0.L .,h, l•1l:, w ~ C f (;, 

ru ,. t·• bt:1 ,~ ~cs era t~h"", "'c :.!'f'"• C" ct r, ... I , E 
Upon I 1<': l inr:, bl c~ t. 
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dt' ll . ....,_ /l w I ~ 
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[ .. s 
OY t, l \, w 

u 
4 

, e f C 

u t rn por 

, n o th 1, t, e ae~ 1.,lc w • s 1.P,11ro..<.Lrut:Jt e.&..:, b" 
eq 1 ~ 1/ 4", t c ou ...... lu v h • oh 't'I i JOVered \',1th e 
bl~c-h .1vY.. 0.1.ic,-, l.Ch \,a"' (j.,I:, .. ct .a. W .l.d SI,att~· 
.1..ht.. .r w foJ. ac r.ue.L o un t~11~ ~urrace raugtng 
1 "0lll .,./4' r 2-1/~" lon; h':>\ CV1;.r, aitt not penetr ... t.c 
t c. 1~1:t tL.e wull. 

siZ{}, t.ne O\..t roction WflB lc.rntl::ul 
in P.1:­
f3.il.l:1., 

ran\l • J 001,.11, n.1 ch ay on thP o.ug sia e ,,, oe a 

SP""'ion 
p re.l ... ,,_ 

!1-' .lon~ ,nd extena in~ t.. ro~ i:.he wall. 'lhls 
.l.,o ?O t"3ined en ,.Jrc v,eJ.d fit o~e end u.w 1ng 
t? ~he nhort si~0. 

1 r , t.1surome.c.t"l Jllll~ c· ... J .>onC£cnacr \.1.1bc 
r t ,JflOW t bJ.t SillOC' tL V l t'3 ore in UJCOrci 

v L ,1- .... T Jf cif1oetton \ 409• '.-4l l "b 90 II\i.X. i, nc.: 
J 1 f' .. ._jn~rt~onco is 1-:1ttac e ➔ to t.b ::1~ 

l ' ... 0 ' ? ' ' 7 j ' 7 ? I ' 3 , ·, 6 

Ib 1 rdne~e v J. u;3 ~f t-111., cut f oru one ot t.be 
plate eot·~11 are sbo n -1 ~• 3, ~~.ever the Aver g 
of U cso .1.tadln.3£, t.:x.c:.1.1.1.u · ♦ i.. vc, on tu~ ~••1 a.ntt 
t~e ~ i~lue next tl e frLctLr , lE &u.9 Kvck•ell B • 
.... itci-: .t.!'."11 ess of '\,LJ.., _t .lr.d.t.1s lloJ.;. if.. nJt i.a:rt.icu­
larlJ eu IL.t.qe to ordi1 r1 h0a+ tr a lng cuperQtur s. 
\r.l!l rat~ • low v lu.{ s .t.ndl'lat~vu 01 0A~os1.1ro t.:> e.t 
tre, elJ 1 t,h tcr....p€.rt,t t 1;., n'1 n.a:r !>e Jue to gral..n 
oc b r er J. ,: 

0J E:L',iC .l 11-JlYS(;:J IT<tUe Oll c. .. 111.:..~s t&ten 1rom t! 
kettle .:;eotion a'lCl !rvii. t..ne ccnderiec'" tube ~ ielded. the 
.followli"'~ results: 

t:::e'title ~ 

Cerbon .08 .O? 
Jhromium 17 .5 3 ld .. 61 
Nlok€:J. 1).1) 10.40 
Molyt.:iemun 2.10 ni.L 

'.l'b.e ut.ove inoloates the, kt.,ttle to be a e;tainlos& 
st cl ~:loy of Type Jl6 wher~ae the ~ube ls 8tulnless 
rype 304 
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• ch rC\,•~c.' a1, 

1 •• 5 le :..~t" ine , , 11 g '-nar.o r/ ~1' •'J,1.y-
1 t t u •• \1 hich .i- ... ndicot vc of t Jo ,v.i • ..i ... t u t"'upc.r<;i.:.urc 
o" :...10.:-1300 F. sometir • .-. .. ;l•~l~c t. .. 1/"l tiC:V.l<.'(j !.ifE! of. the 
t, • t . 1 tt ;.r; c >naltt \c. "mlrt.1. a,.r it.iLCS •,he ruater•,1.' 
tl. i11tc;1i..,rvrt .LJ i.•n.: a1,t'10'.'~ when eJ·r,,n.cd to ~c;.i.•rvo1vo 
sr ~ A I!.o rt.Fu.~to ,J,. such nn .xpoo·.£1.: arc tlJ.•u,t.ra .. ,<.,>d. 
; ,. l''l.:. 6 '\t,tr..l1. .snov.~ t .. ,e i.a. .. c.rl;ru.nul·u.· so;.,· 1·r:.tion on .h 

• Jt t11;j tub"'...1 \11-.!1.i"J' ·\:.llovs cr, .• •om~um cP.rticto .E,reoll-l­
-t,a t j oa 

Ji'ig. 7 Aild. !ti~. ~ ~how Lvr'1 e;,r·, ·r"-zatloo of the 
a rn"'e.asP.r t.ul a u, t.t.~ bl -11K st.r,3ak E't..J\'.n tn :;lg. 2 
~ t",on t•,a ... yfiea ytP.lc. u t,l o foll ,v,i,ic;; 

CJ.O?!o 

TL_s .... ,:c -:-ar1'ur.a.z·lt lo'l i£ ·.tnfxplalr.1.•.ble at trJ.1 
• ... .. 1., n, L,Y Ot;1.1.•bo .. q~ (Ou.S ~.qt er l d 1n tho SJ st. C!.u \, 1 ... 

t •.1;; tld.nL'.t..,. r LA.·' :.ty of vJJ ocr.1 _J.O.l'lll,v occurrl,iz on 
t <. rr ,L,; , .,,: • 

i< l-> i l"-!w,· ... t.ts.e 'nt,erfr,.::,c- !)c,twe,en tne ,i,O .. 'GUt n:..~t.al 
anf.l .J1,c ot t..tH .. v E;lus , "' .. u.1.a tn t!le tube. J.<·1.g. 10 J.nci l • 
011t.-9 r, ,1, c~•ie.',.J.1. op.1..1ear£'r.o 0.f t.lle ~tructuro "''hioh ls 
a ~/j n~ , " ooarL ~-e:;r1 t .Led, .~.::.·1: g-ra ln si/ c l. 'L 11c jt.n 1 
~iv ... , o,·.,\.c. ... r. \.'lf" ..ir~ '•Glct nnd l-oe 1,,.n•..,nt 11Lt~l te 
l•l~Ltr\~-~ lk Elg. ll. 

'1hf! r..r oci 1,lt, ln.fo1· t t.ion uc-.e& nor, a.1-.l"ly to the 
i -ro")lc!:"' ct tri tc"j re:,,rt u .... t ~s in• i~~ .,1 v@ c.,f \·.uet n..ay nc 
E•Xlt'}tfd ,n<ia"t' .. ,loh st..1.~ffiu9:.1s opt_r'3t'Of, c~ndltloJS 

'.,i1lce tllet.e cor.1•0' · \>n t ~11& \',Ole to c:t-_•.-. 1n ·o u1 ,~ • ..,.c.. 
tl. 11rt.err .1..rs v.!1l"h J.Ue ,ai.· als w.,-r<., 41c-,:; "cnl::--to1;.t to 
E:tt:ack. lJ K, 1,a, a1.a rl1; , it \idS ..l..:!c.1..oci tJ c..e ... sJ.re, 
pcsElb~o, ~h~ solution r1 the ~ctals in~~ et the 

,. . 
t>Oi.r.. .. Ili! .l:"V~.at of t.!lc r:-.. a at .tH'tiptc"iO j)I€!8E.,.Pe .. .F'1-,. li 
is a ulq,::-aramr-tic· sl:etJll fff t.he flf>Pt tt,1,us uoea; all 
portio lS O! tho '3!Jpar ~\iU , a!:. ~~l l O!J the t{•St piece..~ • 
were er 1,11£; s~1ne Mt)tRl f .1 o..rdnr to hVi:> ... J. po8slble 
clet'trolyt'o ef. ct.s. •.:JJc builtr ccnPLited of el?" 
lt3.1t'ft.t or .:" l J.: ,,.>. tublng \111,ll top rnti bottom plate 
wel~1;d v .t • t'• ,per ,.,.e-1. 1 ••t_, r.>d 1h•~ top pJet e \,es 



f l I I.• (.; 

c-.. l ~.I,' L \ ~ ;_ l , I, • 
tv .P. !.<i ( • J•.,,r>l.lTl.':..i"\ ! l 

111(; o,.,il13r .,,o.., E?. c u) "1 1.u ... • ilt d electrioal 
rr.tt~f .o un..1.t, v 1th tho po,.e,. i"lf .:c cot.trolled !Jy a vo -
ivb'e t:rP sfor._r1ee ,to nee.r t..t1~ I<J..i boiling qt cuch a 
i:atf': t 1llt the V<!pOr .l'r.0 t 1'6s1".ill-': tho top ~ltte of th(. 
boil r 

... ., as foun,. 11or:es;.,ary to bubb.!.e 1~2 dlo,·ly 1nt,o .. h~ 
lri.11 to prevent f •.t_pf1rhcatlng \ ltt.out tne introo.uctiou 
or t.n~ 1~

2
, 5Ur,erhe9tint.. 'i'3 nu.or. &a ,c,o fl' dcti;.1.1 ecf- oct.u reJ. 

t" 11 · 1l:o by flf.ish l o.i.l inf., , 1 i. 'i .... ou16 st,'3ke t..1e entire 
eJ psra .. ,u~ 

b.1.. • 13 i& & pn.otot'·ra1,1h of ~ .:i..r..1 Lete H.t-Pr:arat·rn 
a .... r.:..~ t.\ test. 

1.tu. l~,.1;-.Jrc,t ....... wu.;i u..Jt-:1 for .t.t corrvsion tesl.s 
t- t J. ~e; J.t. i. •it a ~irtd t.,l) utudy tt1.J of fG~t. at, LS hi~h a 
.. c-1 ,erut. u.'e fi.., l,)O"sit.le ·, lthv~lt 1;rCJ. suro, Le. the 
..ioL. tu~ polLt. ;.;1.oc ~ ootll l.lqu · d r.nd vapor .1,ne~cs of 
t1.t; el~al1 illt=;tu.1. w-::re pres int, Ji-- ..,J 1 e.m ,. er~ u ',od Lo 
o 10w tl•e ri lff,;re.r.1.Cf , lt' a.vi, bet"< c..,n the cvnctcu::ilag 
vev, r cnr.. !.tie L , u:~d ptiu u • 

.i.no lJr1ula l:'h ~(. n .. .11.!,'lc \ C\f. a f'~c ... ion 01' 1/~•t I~• I 

t•1bt ,-ig x 4-1./2u 1~ne; • hlch \ qs \rop Jed ln t.he t,ctt.om oi 
the boj :er before tht: t >r ,.1.ute .. ~,~ ... ¥ c 1 detl c.ln. l!\e 
\ 1r) r plm.-;c SEl!llple i, '3 '1 oti-:> 1 u1 1, 2'' T. 1-'.H. tuL.1.n 
x 11" lc~g. I~ cver1 c~ ~Pe secticn of Lbe tubing 
bd, ("10[ tll,;,' S3Jl;' tes V 6~ • ,.Jerv ~ C :::' E b:e.nk 

'fte 91,1peratu':: ,1.ntt ,'Ypl..:e \',f!:-e t.l.f•,1.i a 1iiltl 
cle ~1.tr.g oe.:"or • : .. i..~t; ,n .. ..,. oon ... 1 :-tcd of "'a .... 111ng \·,i tll 
doup .!,,::1 Wt]te1• • '"'L • .:J .nt: ~L"Yi!ld ,u,d e m~J.d b:.1f! lng 

',tt~ r tht: r. ~PP r .. t.... PS fif;St ~.t .cJ Vi '.th th~ t1..<:t 
ple~'7S ' .. n pli-..oes th~ 1y~t-~.11.v.es l'Ll.t1 vlth the all''111 
.. 1nt 11 ~o t•, e l e,•,,..l indi~ 1tfd _ '\ F.J g. .J.2, by fore i r.1.c, ,'1 
e l.loy fr j 1..'• 1~'t.1:;;ir.£•r . nt.:> : •.e ool.l.er by wny vf t1 
r.it i Ob(ln. .nlct. ht.at ··,, i.3 then l rfl l ,xi rlnd the te.Ll!.r, r · 
t..+,ure L. t 1t .. tt.c<l rn thr oollt~ point for the lnctic.E­
tlme. 

ihfJ a 1.l ,-11 mete 1 .lJ .JOt;.b .,edli c0n-t .. ~ined ,.wme 04' lo s · 
tet.\,t•e u~~, no•1;erer, the alk:111 metal v:-is digtil.1..ed 
u.n11er oorn..mc ..:-clal condlt ioi1s. ~u N2 use1 hA,d been pn&ce~ 
cv :• \.1 l. tt...ihlngs Rt -:.OJ':.- '1!.d dr :e:1 w ... th ,ict.i.v1tea r, w.l Js 



vn t.b.e cc-nolus 1 on of t"'.c tfe~ tn ') 1:.: p 1ra tua 011J c.J.r.. 
te1.1..,.s v.ore cooled tc room temp:::ro' are c.r ocloi. Tile top 
plett.1 of the boile1· v;.,s sawrd off RH oh0\~11 in ~'lg. l' nd 
the t,.-At SS!Ul);.e.:. .... llmc-reJ 1.n a.ir s'> qulokly AS pos..;lble, 
the s, ... ;l s wa:-e lmn creed 101.ricdiatoly in a large quantity 
of wate.rD ')r rGmcval from the water, the SJ,acimens were 
Wf:.Sh(.d "'i~h dlstiJlcr.:i watf.•r end dried., 

-6 



... '-.h, \'Ore. r11n (... rur 1c ... ~ .at.t ,_b lt ill~~ hl:a, 1,a, or 
K • 
aud 

-L°l.e .1.0::..~ in v,c...i..e,,t. ,., .. ll..,l~·•, 1 •• £• ')y wc1.gb!..ng oc1oro 
uf ..,,:,: ~') .. Jt .. e .110 ' ..,\. ., .:.t ,,h _ I r .. ,:.; ~. 

l. ~~{J'_t_Jion V!.!.:.. "::. r_ ~t• 
~tus io~ L! e ·00 hour ena -E ~o~ 
Fl~. 11.,, IL.d .1de. 15 res,..,ec .. l .1/. 

'H.t. f1€..1.'tS ot the t:i.Pf u 1"-

110Ul' 'l. e~t s ere t.L.o\,ll ... r... 

Che d Al ~Jnr, ys£;3 oi Lt.-. ... .>•.1,t cJAle t~ po.rts of tre >0(1 
hOUI t•tt )- wivcr1 b1JlO\, l11:) c~.tc. thl9 "he t<,st pi1,::CGr. 
we.;-t W!''I\., .t., .ron 111h.Lle 1,ll£> no .. l .r 10 r.it.rct;eil 1,\..tle 
v:t,rc Ht;_'- "':,.,." c;rP.J.€ steel. 

tll un r !',vO hrs 
l lnuicl. 

,;s:: ,vr. .05 0.060 
;.:.f' J1~ , ltl. ~ 8 u4 0.05 
.t ll.'.'lSJ;,t,O "Clt.c.r .126 o. ll 
t11 l t 1·c Jnn .OUJ 0.001 

;1. ) tll '. 
J~ ,r 

v.1.,'i8 
0 • lJJ 

not -..·un 
rll 

Hoil0r 

CJ. lJ 
0.4,l 
0.10.· 

net r'..ill 

O.l.; 
v. J'> 
O 09.l 

oot r .. •c. 

.!.t ~, u.at·ort1 .. nc1te tror -:. .Jiu\ 1 1:.:- r.:iet".l•, .vex'L uocrl 
in .,,,.:a c _ oJ t i...t lt 1.h ... J. t .1c-1t t..be 11~~ird ,,ir{ ty aid 
~ot ocoQ,~ ror t~e ~rcat o~rrc81Jn. 

M..:.cruecopJ o ~XPl'i ir."l 1. J ll, ct 1 ht ., rl ~s sho.- ed a ... 
obv'-ous tJ::lcret~t iu \Hll t .to~J11;, ~- l1;1~ 1 .eeu t.re tlfl!lk c.._t 
t!le ~00 bour liquia. pt._! .. c. ., 1'' J le. 1t_ tu .P: nt:tr 1t.lon ir­
given in tne t.abJ.e t1 1.;;Jo'°' ,•,1+,11 Wc:lll r_ u1t,ure .. i its ""n t.lrn 
r~wi.:iuuu::- of 1,he e.pp_.1 .. ·{ . .',us. ~ ne s.ir.t'eoes o~· bo\,u llq•.d.c 
sum_p ... ""'s v exo amvoth J.fiu. ,, 1iu) in t.!J.,_:ettr.:ince inuicati'lg 
t.ilo\. tut.. cur,Losior. v. 16 ,Jer .. ~,r • .1. rd .. .lier tllen ..:sel(;joti ·e. 
Net onl; t.h6 l!.qu ld ,EJt.1.&.Lt: i:;i>,)J.i.LC.S, but alsv all _part.f:. 1.,f 
the Dpp•.r,-.1,u.s \'.hlch J~ed u _,n b€low tho liquid level 1 

wc:re t:J!.!.Oo~n ,me ~.uin,Y 1'1 CJJ.tJHflruice. 

1.'hi-=- sruoot.h a]Ji:,earun :c "l- •t1gcd aoruptly et tl?e lioutJ 
l.3Vcl wla,r-.. 'l ooarsely-o .. y ;L£ lint; ... i.l"ory doyoeit waf: 
eviaenccJ 1or '.lbo,1 t 2" 0.1. ..1 l..l cxl'ose.o. &urf'Jc.es. 



.1... '· .. ' , • .l 'LJ.a .... 

D .'..I 0"!- C: t .h~s I ~ t ~I : ,n ,:) . ~ • .. l r, .. the. Li O no1 r 
tea_, .• ~ht:._ ,•i[: !..;., ~),~, ,' ., t O t (", j)t' .10,1r f p .IE:.tUS 

Th..- •.:ry,1, 11ne .t. .._ ➔ 1 .. , ner.-,LJ., 1.1')0,e ... clearly ~v1J.~• 
1n t!tase f .H1t c.. • .,.~ ~ & .r c iH.: , E:e, tc be oo 1sie1e-abJS 
h0.avler lr" t! n lon&:,"ir t•j, ... 

~ • ~.. .V.J -~h.>Nf: "',o ... ·t 1 ·u -:if tt e .. ., n of thE; ,l,O hour 
re•,}rt e:.t. tht) l1qttir- ... {JP1. :.rr1ediatel·; above tne ltq•n.1 

,el,. th6 L :,. o~· tt"i r< crt , ... s quit?. aroply m,u•!i:.c:_.d wit.i.1 
nu- r r,\ ::: pi t.:1 lL c: 1 Ac , _ n M..; flt''Ja w1d ad!h,rinr, ,.,c., th~ 
tro~·o was thfl l) ;p;, ., "t'"'.1t 1 ,,..,:..,,1 pr~viou•1:..y~ 

"iall d'.mensi OPS t ".' t,hr. 1,;l..(llf .Lee a d boi l'"'.1.' wore, 

f3a.m.r?J& ~.?. '.2.. tL !:_Ek_,.•~ ,..2 ~--a,rs~e .Loes 

h .. ank tJ , I.I w 0 l07'1 

100 h1r i/'8f ,.Ii 0 .,_()c., - C l,, •., 00')' 
500 hrr,o \'(• "l •T o. 1..0c'. I . 0 jJ 003'' 
100 br 12, l l:t •j a 0 , 0 l" 0 LOj" 00 II -
500 hra l 4 1

1 
.i. d ... I. (~ '> ,, 0 J9)" .017 I 

Boi 1 t-r 1 ·rep) 0 151 
BoiJ.e, ( o" f r-:,rn ~ ~,1.,) :) ~.y, 0,014 
Bo1ler 'I'ott,oa) 0 104 0 03~ 

v I clef rs hnrr! ws~, to~t::i ( :w h.g) were madt:: Of.I al 1. r:f 
the FE~p!e6 rna tb~ 5;c ~r. hoile~. 

§..e'llR ~ v p_E ~r~"2 

n.:.ar,h. lt- l''" lf.,,.. lb;, • ., p 

J..00 hr~, vepo.r.· 81~ 85 ( i:'1 t ~::, 4 . I> 'j .,_ I < \ 

500 r.J B . vepor '! i , 8, 6, 3c b, 83 b 8,-, 8 ·~ , 
100 hrs , itJJi'l I '1 :> '/7 ') 78 l 7~ 0 

' .;00 brs -1 JU:!..d lv 
f 6·~ 2-, S1 ~ ~9 0 c.,f 

B:11.J e1· , .C'o_p) Rb 6~ ) 

Boile.c {Br-tto.m) H1, 34-J 



.•'•~ct.i 11 ty v,:e. ~ m. _t,. d \. · , , i: ,f, c~~ t~ and 1:1 
e·rf:"'essed es tte .iinimtu-: ,.Li ~"•e. ·,c" b 0 t,\ e::."n o.rpo~ite walls 
at ttia time tho first fai:.1re was nct'c~cl on the sPmple., 

E'.lL3!£1.~ ~~:.!lee at ~ilu.re 

Blauk 11/32" 
10') hrsv vapor 1/2" 
,500 h.·~:•s<- vapor 7/16n 
100 hrs, liquid ;/8" 
.500 hrer liquid 1/ t. fl 

Sam.,rles i'ro.m the lower enc;.s uf the retort and 
nit~cgen tube were pickled iq h~t 1:1 hydrochlurio ac~d 
and are sho~n in Fig~ 16c It ma~ 'e seen that the grains 
ure eAtremely J.argl.,, 1/8 to 1/4·1

0 Jil at.tempt was made 
to .C"sproduce this grain siz~ by heatinQ, a rjece cut from 
tl,r- r·el.a t,1 v ... -J.y fine grained top pc..rtion of the boiler at 
2OO0°F for~ hours~ Thio haating did not eive dlsoern­
ible groi~so Additional teatin~ of the samo sample to 
2200°F t OT' ?J }..,ours proouce'l grains which were barely 
vl .. tbl.~ t.J th naked e.,c •. While tb.sse. he·it1ng times 
,'ic. ·e no•, suffir i€1ntly long to allow equil1 b:.-11:un era in 
si~e to be reached, it ls g~nerally agreed that the 
majo ... · amount of r,rei.1 growt,h fo ... ~ given te.mi.,erature 
t,a.'•e& plcee 1.n a ~et tf.\l' of e f€:W b.ours of ax_posure to 
that temper~Lt i·eo 

r'x1_unination -:,f tl:e mi :,rostructure. uf the ~amf>le:; 
shcwt10 no evidence of fil~a 0r N2 diffusiono Figo 17 
sl10ws tbe stru.cture of th.e blankp de.1,icting the slag 
st=eruuc·.cs and precticaJ 1 y pure e1pha ferrite grainao 
JIS'J.."~1! s~e in size of tha blar1k \\ae 5-4, wr1il~ t,.t e grain 
& i :>e of Uie 5i'0 hour liquic sample we.s 2~, indicatj ng 
<;;ome era.ln g,..owtho Fui:'the? gr.owth coul'l have boa.a 
halt~d by tbe restr2ining act:ou of the alag fibersa 

Figo 18 shows the structure of the uppor end of the 
roller; i. g,) 19, of the str11cture o!' tno bottom of the 
bo!h:rp 3110 •• a the V6'"1i'f large grain sl-ze and almost com• 
plet~ decarburization whi~il ~ook piaceQ 

2 o Type, 304 vs., KN.Ll,_'.., Thf.: appe.rat1l.S us0d in this 
ana. subs~r,u0nt toe ts ·.1e.a trio same e z d1Jscrlbed under the 
wr~ught ... ron except that all materials were of the same 
con:iposit1ono 

All test pieces had n aull gray a~pearance but 
su1fAred no noticeable decrGa~e in wnll thicknesso The 
vapor -samples of both the l~)0 heir a11d the 500 hour 



teots eLowed a '}Jatin.e -:.•.:: ar Pu1c.oi.t.-t .eJ 0J ~zta::.11.ne 
deposit; this c0et~l"lg 0c-;urrod. on the lov:er 1/? of tbei 
IoDc. on the 100 hr, sample and on. the J0''ie1· 2 11 cf both 
I.D~ and O,D, o! the 500 hour sampl~c 

The results of hardness and cluctil t 1..y t;«ists are given 
below: 

Vickers Ductility 
Hardness Noo 

Blank 330 1/1611 

100 hours vapor 240 v,hen p:-essed flat, the ends 
100 hOU:t'S liquid 191 when pressed flat, the ends 
,500 hours vapor 1~'9 1/1611 

,500 hours liquid 182 1/32" 

The unusually high hardness of the blank is accounted 
for by the feet that trie material wafl 1.n a considerably 
strained condition~ 

Analysis of tho s3lllplas· gave thv followi.ng ~ompos-
1 tioni 

Carbon 
Ms.nsanese 
S111cou 
Chromium 
Nickel 

]igR 20 shm.s the microstructure of the Type 304 
stainl&ss steel blank~ A high degree of strain is clearly 
indicett)d by the slip lines, 'l'he grain size was.un­
changed by the test, remaining constant at J\STM grain 
size of 4-5 for blank and both test ss~ples~ 

Fig,; 21 shows a ~onsti tuent re_preGtF1tati ve of that 
found in several Type 504 speclm.anso .(n this case, the 
constituent was unidentified but was believed to be a 
diffusion of t.te KNa iutu the stai nlt"'El steel o A similar 
condition existed in a later te~t of ry~e j04 and was 
identified as a diffusio~ ~reduct~ Details of tr.is 
diffusion are in0luded later in this re~ort, 

30 fil:EkeLh....Y!!.-:_~ 44,, Mao1.•oscrJpic examinetion 
revealed no signlficant differences b~tween the blank and 
the spec ~.mens" All f11..:.rfaces were bright and shiny and 
w1.th the e:xc!e;!tion of the .500 l.1.our vapor s1;-1m1)le, no chan•.;e 
was noti,::ed o The lo'r'ier 2" of both I. D and Oo DG of the 
vapor ,i.,hase sample silov1ed a light deposit of finely 
divided metallic particle~. The ductility of the samples 
was unimpaired in that the specimens were pressed flat 
without oraokingr 

-10 .. 

split 
split 



4 u:·o c:. antlllf t,..,1. r 1 , t ~ l , :{ .... , \,t t ::s ... mp t. 

showt.1 no char ... ge ~ .... n~1.t.. s~tg~r•·, c,~ ,~r. e·ro·•<;h '.l'h ,lSfl.: 
grain si "·" of the bl i!Dlt , as 4 b, wt j ch l ncr. Jased tc :; 4 
In i.,he caae or the ..500 hOUi" e1,P., ima,1s .E "t.~ 2~ nhows the 
micro-structare of th0 bJ.an1;;. ·. n1oh 11 wlt', tt F. exc.epti.on of 
grain elze, is re,r,rosentc.\ii ve aL,o 01' tl,e test saro.r lea., 
There was no evidence r.f diff,.sion by tne K~a alloy into 
the nicke::.., 

4, Inconol vs KNa 44Q 8Li&ht rit,ttr.g of all sur­
face1:3 in ·contact Wltih tlleKNa Watl ahovm by usc:r.o ex.JI11in­
ati.ono Thie was true of th:ise r.,o:"tic,n.3 t'E~lov the l lt,uid 
level anJ those in content ~1th the V6pors6 The pitting 
wae particularly evl~ent on ~be vapor tebt s,~almens 
which had beGn in contact ·wi t,t, KN'i vo.1 ors ever t1;,pr0xi­
mately 1/2. thai:r lcngtbf.lc '.:'he uri,;;;er por ,iori which e:x:te'ld£.d 
beyond th~ ccnftnea of the ru~nace was relntlvely unchanged 
while t,11e lower sec;tio"l ~as !Darked \.ith auner•Jus SPl.all 
pits-

Flatt..enL,11r test.CJ wers mace c11 the blank nnd test 
speciIL.aos a3 a meesure of the cluctllity, 1~0 embrittlement 
'took: 1-lace a& wa<.:, sho•,,;n by tlle fact that alJ.. sam1,les were 
pressed flat h\th no foilu~e 

'tt:le only change occurr lni..,: in the x.1 cro--st.ructure we.s 
grain growth :!"rc...m. ASTU groJ n. L,l.Ze of 6 8 to one cf 2-4 1.n 
the .)00 hour samples., .F'ig. 2_, 1 s ro::.irer,l:)nt;ati ve of tne 
incorie l blank wi tt.. a grAin ai ze of ?:,8,. 

,~ Type_lli_~s-- i"la '•4 
are given oelow: 

Blank 
100 hours V'ipor 
100 hours liquid 
500 hours vapor 
;oo hours liquid 

VHN 

37} 
J 69 
16.5 
211 
1?5 

The tnrdneso and Juctility 

pr•essed flat 
~resse1 flat, e~ds sliBhtly 8rlit 

1,'8 11 

Il!'oh:e j n haJ .. · (, 5/16 11 

B .. ·oke in ua.1.:' (~ 5/16" 

The interruet,nllic 00L.pu1.1ud !''eCr, cor-uncnly designated 
as sigma phase, was developed in all of tho specimens 
Fig. 24 show~ the original condition5, Fie, 25 shows the 
presence of the sigma Jilrnseo At the tempe:ratures at which 
the test was conducted, sigma ls rapid 1.y p ... •c,duced., Its 
presence seemed to promote e certain amount of ambrittle­
ment as indic~ted by the ductility tests Oh the 500 hour 
sempleso The increase in hardness of the ,500 hour saw.plea 
over the 100 hour aan.ples is be.li eveu due tc. thi:=1 increasing 
a.mo mte of the hara. and brittle constituent - sigmb. phase 



Proc.:.uc · C' .1 e,;, , 11_,..1r1 , • • J m,.1 H' :1 

tl1re range 01' '400 lf.'Q•>1 · ,1. .1.;•~~ti l.~.l"" vi' "r;nt:.: 1t. 
produ..'.'ed dur1n~ e (po::;v re:;:; Jt t.1rNJ :i.ours n· le'3s, At, 
lower tc.u1per£<":.J.r(,.J, ~:)•,"r uf Fetr <;I ~uite s.l<YN; 1000 
hourf:! oxpoeur e at 1000°: pr::..a;c•et, :: -., noticeable amou.nt.J 
of it, !:his c;,nst1tu")rt1 C'ln be re a.1s::1olved by ht'H1ting 
srecinL,ns 'H'C-Vt" 1.9;0°1·, Prodit-.1t'\.c.c of u1gm.a phase can be 
retarded by~ ~relimins~y tre&tment to enlarge the gruin 
size Tn!.s would cori.sist 0f h,.;t.:tirg 2-3 hours at 2:;00°r 
anc, qu~nchingo Thhi lar~ · grd:.:.;. , Z", however, may 
entHll intro~uction of other un6~-,:r1ble characteristics 
such ea brlttle~ess due to th~ exotssive grain size. 

6 D !x.~9,j ve.!'_Na.. 'rh13 t6~t ,:as run at Ct higher 
temperature t.hc.n the rrevic•u3 ones due to th6 fact that 
the a~mospheric boiling point of ~a is afproxim&tely 
1600°:F ac comp&l'ed to 14.50°? fo1· tho h,~o. 440 In this 
ca~e, dt· ,a to t.he low cor rcsion ret~i, thP. J.00 hour t'9st 
wes o;r..,_ t,ted cnfl onl~ the ,500 hcur t,er t run,, 

~·.1croi..:ccpica1 ly, both the liq•lin. and vapo1 phe:,~ 
ea.nplee bad u dull i!):ey appeara.n~i:, v...1. th no evidence •;f 
pitting or a~positlo~a This unit le ~.ct Gnd, consoquently~ 
was und,ubtedl~ cver,heated 

'Hie m.1.o..:-n-st,r~ct.u::e of th-=.i b.lP.nk is shown in .F. go 26~ 
fig 27 ShlltVB the st.1·u.cture of th. .... va1-•:rr ,;ample a 1'd the 
cUffuaior.. o.t ~a.JK on t,he et~~:..o P ':. -c,; l.J condition is 
i;hown in Fig ... 28 e:r.,.·6r.•t thet .,bf' &d'l11l J was etchE..d to 
show t.h:;:t the e ttacu: wn intl:'.irgranular. · '.:.'hese, d iffl.4.s!.on 
product~ ws:e 1· e~tiflea b; X-~~J d1.!1action methods ae 
Na20. Thia d\ff1~ion penet1Eted to I dep~h of 0;015 -
0 02;,".,, 

Vj,ol<~r~ h~rc:.ne' '3 tost8 "€.re run en t.'.le vapor se.mpl~~ 
one .measu.rerient be. i ni~ ta!rnn i1n "':.he portion where tho 
diffusion ocnu.:i:rad, and a'1ot!~t-H:' t..lken on ttie oore 01' the 
metal.. 'l'hes3 were, reepf,oti ·ely. Y~N 4}0-43.5 ard VHN 175 

A ductitity mea3Uie~ent by flattening was run on the 
vapor sample. Spli!,'.,ine ocourrE'd with t1 dis~ance of 7/16" 
between wall.a., Tbis embc!.tt1 ament was, dcubtless, due to 
the deep penetrati~n of tnP Jlffus!ou product Ne20~ 

? , .!.YQ.Ll,0,4 ,vs . • "J:£. 'I'he temperAtu:re at which t,his 
t~~ t WAS run ·:,as somewhat lowet' th~n grevious one<J, the 
boiling ~o·, nt. of poteesiuJll being 1400 F g 

The partn of the apparatus and test ap~cimona had B 

dull grey eppearanc0 t.lnd t t ere v,as no v ~dence of any 
corrosive act J~ nr cerustttnn 

l ' 



•• '~,) -~ E!£J.. (. • '1.1 I.' ,l1 
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v .--or 1inplod £, f{~T'f'l. C.i.l. "',.'t1olo 1 1. ,. , • ... 1: in .,per 
i:.srce to that n~ttJ in 4-he t-nvle,1.!R ca1 t'll .. d.!~u•;lvE1 
acf;ior: 1e oleu:r ly a.rcwn • ri jftc ?9 [;\ tis cu .. e t!1e 
diffLlSiori ! r,Jd..1.)•.s could not, bn id.e!l..,i.l 1.ec n>r Y .. , .. e..1 
diffract.ion '.i!he depU:. ,...t th, attack ·,as .... c-.u1Jwnst less 
than i'l the Cfl'3C :rt' '"11e t->diu.rr., 1-e~ ... =-t1•0.4-.ion oc:cu• ri.u~ to 
a depth of only o.n~2 0 00,•, 

Vickers hardness t€st,· o _ tba i.:..~ or samr.,Je gti'H, 
vn1uee ap9r~ximately tLc s3n~ es in ,t., 1e~icus t£s~s 
for the core o:f' th"' rretel; \'fi:\1 - 17~ c,~rdncsr- vali.es 
of the case, 7PJ, 276, wer{., ev'JiWh1it low :::- .. .h_o those on 
the '}as.: of tbe so'1hun t.est. ctue to ~ti• lir; 1t<.;r 1\enetration 
of the diffusion prod1.\c ts., D· o i;l 11 ty c," the vui:,or sa'?lple 
was .ml°'asured by fl~tte:iirg .,,:;~t gl v iag a ,talue ot .... /411 

8 SAF: 1020 ~te~l v'1, :1c, lhta "~Or0 r tel'Jt w1:.s run 
fol (;l)O ,·o ... ~~-- .~, < ..,,;~ism.iH.J.t ion -;,.o •• n• ceirros!.on 
E:tnd d~_po13it,i.on !S.util.:t"r to, bu. .h .. tlhJ1'ihr t 1~ f' tt.au, that 
cc1;1er~e l 1n tlle ·r01.1.._~h.t iron tee JSc -!''le ! . .:.qo,1id S8E1pl0 
Wf.:J -11.\.._t,; '311100th iud~CE.&tios tll"l.t V1~ l:Jrl.'l-H O.'l we.a t1n1" 
ferro a.ncJ net ~e~1:;cti"e~ No pitt1.n O!' uoeposttion \•'as 
evlde, t vn th.Ls ~ d.r:, ! ,..'cl The vaJ i.>r t'I" uJe Caiii'>le Ahuwea a 
d'3poa .. t. of art i,nl"l.cn•,ified cry&1 ollinf'I s11b.3t,,1nce or.. the 
lower 1 k'; of tr e l D and. 0, va A ,.i,r 1 . 1r .let'"Si t occurred 
0'1 all ;,xposea n.rt'a ... 6B of' t,te rc.mtiinde: of the appui:-u t s 
at end imr~etliotely ~bove the llqu11 l~v~J 

!Hg }v bh<Y s the microst .. uctura 01' t;,,h b::..l:lnk; Fig ,;1 
that 0f 1,,1e 11 ~uid et?mplei1 End b'iB }, t.!1~1:. of the Vbpor 
Ph"tae ,,u ... ple. 

B.xtl•em~ grnln P; owt,:1 -'llOr,o \'itt1 a.'mrc-t ..,..,r:_plete 
de<'artu .. ·t-~atil o hr,d taken "~-~ J~ • no d ~ -f 't.., 1.>n attack was 
noticed Tl>::, e. treme S~)ft',.te -s~ of tti , • ~tJC l mA1.s mare 1 t 
1.mpoBstclf:3 t.o !JTOpf;.rly 1-·rerierP. them fp-r• Lii "'1·ost.ructure 
e,:amina tl,'ln 

1 5 



r~ecommenio ,iom· as tc, c'lo' ce cf 1•1~ .,e .. la"' s for high 
tempervture systems u'.ilir.L g N~, '·~t o;: i~'l\'la iJHnnot be 
mede unti: r~rther tests, naff in pr~~rsaa, are Gonaluded 

lA 
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.L. ;,roui~t Iron 100 . 
i{N13.-~ -u.1307 -v.OJ8 "' 

" n V ,, deposit 

" 50') L t• -O.i018 -0.090 
~ t• V II 'lC!,)OBi t 
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n H V 
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II II V -0.u.i23 -0.005 ,, 
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" 11 v rr .:.J.OOdO .10. 00 J ., 500 l M J....,. 00~7 .!Q.0'11 

✓ fl .ll) • v<Ji5 .10.001 
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II " l/ " O 0034 .1u.OO1 
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•• n V II 0.0013 .to.001 

a. SAE 1020 500 L l~e -0.O2J.J -u.009_ ., " V II .io.0~58 J.O~Oll 
< 

F'enetr1-1t tons of lt-::,::, t.hun 0.0005 lo./yr l'l\)"lSid orea "nll O • 
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of bo 11 ur and .ni troi:::,e11 tube., 
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FIGURE ( P-2363 J 

SAMPLES OF DISTILLING 
RETORT AS TAKEN. 
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FIGURE 2 (P-2367) 

CONDENSER TUBE SHONING BLACK STREAK 
(CARBURIZED AREA) ON I . D. 



FIGURE 3 (P-2362) 

ROCKNELL B HARDNESS DISTRIBUTION ON SLICE 
CUT FROM DISTILLING KETTLE SECTION . 
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ETCHANT: ELECTROLYTI: OXALIC ACID 

FIGUPE 4 186541 GENFRAL STRUCTURE OF CONDENSfR TUBE . 
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ETCHANT: ELECTROLYTIC OXALIC ACID 

FIGURE 5 (8655) NOTE GRAIN BOUNDARY PRECIPITATION OF 

CARBIDES IN CONDENSER TUBE. 
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X 250 UNHCHED 

FIGURE 6 (86581 INTERGRANULAR ATTACK ON O.D. OF CONDENSER TUBE . 

X 250 ETCHANT: ELECTROLYTIC OXALIC ACID 

FIGURE 7 ( 86591 CARBUR I ZED CASE . 004-. 006" 1 FOUND ADJ AC ENT 
TO BLACK STREAK ON 1. 0 . OF TUBE. 
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X 500 
FIGURE 8 ( 86% l 
ON BORE OF- TUBE 
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ETCHANT: ELECTROLYTIC OXALIC ACID 
FtARLITIC TYPE CARBURIZATION FOUND ONLY 

CONTAINING WELDS. 
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X 100 ETCHANT: ELECTROLYTIC OXALIC ACID 
FIGURE 9 !8657) INTERFACE OF WELD METAL AND TUBE. 
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X 50 ETCHANT: ELECTROLYTIC OXALIC ACID 

X 50 

FIGURE 10 (8671 l GENERAL STRUCTURE OF KETTLE SECTION 
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ETCHANT: ELECTROLYTIC OXALIC ACID 

FIGURE I I 18685) JUNCTION OF WELD AND PARENT METAL 
OF DISTILLING KETTLE. 
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FI GURE I 3 ( I O I l CORROS I ON TEST 



FIGURE 14 (P-2398) 

WROUGHT IRON 100 HOUR SAMPLES 
AND APPARATUS. 
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FIGURE 15 (P- 2400! 

WROUGHT IRO~ 500 HOUR SAMPLES 
AND APPARATUS. 



FIGURE 16 ( P-2414) 

EXAGGERATED ~RAIN PORTION OF R;TORT GROWTH ON BOTTOM 
IN WROUGHT IRON T~:ND NITROGEN TUBES T. 



X I 00 ETCHANT: NITA L 

FIGUR E 17 (B847 1 REPRESE NTA TIVE STRUCTURE OF 
#ROUGHT IRON BLANK. 

X 100 ETCHANT : NITAL 

F IGURE 18 !8846 ) STRUCTURE AT TOP OF B0 1 LER 
WHI CH IS IDENTICAL WI TH TOP OF N2 TUBE . 



X 25 ETCHANT: NITAL 

FIGURE 19 (8845) STRUCTURE REPRESENTING LONER 
PORTION OF BOILER AND NITROGEN TUBE. 

X 250 ETCf-lANT: OXALIC ACID 

FIGURE 20 [9075) TYPE 304 BLANK SHOWING STRAINED 
CONDITION. 



X 500 UN ETCHED 

FIGURE 21 (9069) UNIDENTIFIED CONSTITUENT 
FOUND IN SEVERAL TYPE 304 SPECIMENS. 

X 100 ETCHANT: ACETIC + NITRIC ACID 

FIGURE 22 (9076) ORIGINAL STRUCTURE OF THE 
NICKEL . GRAIN SIZE 4-6 . 



X 100 ETCHANT: ACETIC+ NITRIC ~CID 
FIGURE 23 (90741 ORIGINAL STRUCTURE OF THE 
lNCONEL. GRAIN SIZE 7-8. 

X 100 ETCHANT: OXALIC ACID 

FIGURE 24 (90731 TYPE 310 BLANK SHOWING 
STRAINED CONDITION. 
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X 250 ETCHANT: AQUA REGIA 

FIGURE 25 (90851 SIGMA PHASE AND CARB IDES IN 
TYPE 310. 
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X 100 AQUA REGIA 

FIGURE 26 !00661 TYPE 304 BLANK. 
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X 500 UNETCHED 

FIGURE 27 (00131 TYPE 304 - STRUCTURE OF Na. 
VAPOR SAMPLE SHOWING DIFFUSION ATTACK. 

X 100 CHROMIC ACID 

FIGURE 28 (01221 SAME AS FIG. 27 BUT ETCHED TO 
SHOW INTERGRANULAR ATTACK BY Na2o. 
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500 AQUA REGIA 

FIGURE 29 (0065) TYPE 304 - STRUCTURE OF K 
VAPOR SAMPLE SHOWING DIFFUS ION ATTACK. 

X 100 NI TAL 

FIGURE 30 (0064) SAE 1020 BLANK . 


