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This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the -
United States Government nor any agency thereof, nor the Regents of the University of
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assumes any legal responsibility for the accuracy, completeness, or usefulness of any
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necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
.University of California.
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The Effect of Gases on. the Wettlng of Steels by quuid Bismuth,
by B A, Heckman
Radiation Laboratony and Depeartment of Chemlstry
Uhlver31ty of California, Berkeley, California
. January 17, 1951 '

Abstract

The effect of air,»nitrogeﬁ,rhélium, argon; and a mixiure of tWénﬁy
volume percent of hydrogen in argon.oh,the"wétting of a staiﬁless steel
(Type‘Ahé),,a two percent‘chromipmeone‘halfvpefﬁenﬂ molybdénﬁm type steel,
and a plain carbon type steéi by 1iéuid bismuth was invesfigated:

Irreversible wetting may be obtained by preheating the steel to
1500°F in a hellum atmosphere and then 1mmer31ng into molten bismuth. at
1000°F, Rever31b1e wetting (i.e., de-wetting takes place) may be obtalned
by preheating the steel to 1500°F in an argon atmosphere and then 1mmersing

into ligid bismuth,
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The problem of obtaining wetted surfaces is of unusual importance in
liquid-metal heat transfer, Publishedndatal-indicated one'mathad by whiéh

metal surfaces could be wetted, but the technique required a high vacuum,

- A solution to the problem was attempted through the use of either an inert

atmosphere or a reducing atmosphere, at normal-barometric pressure. The

results obtained afe primarily of engineering importance for a limited

range of steel compositions,

Apparatus .

The apparatus consisted af a three inéh diametef.pyrék pipé teé,-with
the side arm extended, around which an R.F, heatihg coilvwas wound (See
Fig, l).. Power Qas supplied from a two‘kilowatt input eleatronic radio-
frequericy generator? af one~half megacycle frequencyo :ThevR;F. aoil was
of water-cooled, oné-quarter inch nominal diaﬁeter, céppef tubing; .Tﬁe
flange brackats for the pyrex tee were constfaéted Qf bakelite to eliminate

excessive heating by the R, F, field generated;‘ Wilson seals were inserted

.into the bakelite brackets to allow a direéé means for mechanical immersion

of the sampies into the liquid bismuth, thia mechanical apparatus also
being constructed of bakelite (See Fig, 2), A Cenco-Megavac Pump was used
to evacuate'the system, All gases were dried by passing through a drying
tube containing indicating Drierite., Temperatufes of the samples were
measured by means of a Leeds and Northrup optical pyrometer,

Threevmeﬁhods of sampla»immefsion into the liquid bismuth were used,

+In the first method, the sample of steel was inserted into a piece of

~transite, 1,0" x 0,15" x 0,25", through a 0,13" diameter hole, The
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dimensions of the steel samples were 193" x 0,13" x 0,03", The transite-
held sample was then placed in the mechanical immerision’apparatus, and
after preheating, the steel was lowered into the liquid bismuth, held'in
a tﬁd milliliter pyrex beaker, The second technique used was ﬁhat of
placing the steel sample in a pyrex beaker, packing small pieces of solid
bismuth around it, and then melting the bismuth while in contact with the
steel sample, The third technique ﬁade use of a small beaker with a
vertical side arm, The steel sample was placed ih ghe side arm, ard small
pieces of solid bismuth were packed into the beaker, (See Fig; 3)° Wheﬁ
- placed in the R,F, field, the steel would preheat to the desired tempera-
ture, and then the melting bismuth9 rising into the side arm, would come
in contact with the4sample;- Three of these beakers were stacked into‘the
pyrex tée at one time, using pyrex mounting stands, (See Fig. 4),

The sample and ﬁhe bismuth container were placed into the tee thfough
the side afm, and the bakelite flange bracket rebolted on., The tee was
evacuated and flushed three times witﬁ the gas under consideration, and
phenAa-SIOWnstream of the -gas was passed through the tee, The R, Fo»fiéid
was then turned on, the temperéture of the preheated steél noted with the.
optical pyrometer, and then the sample immersed into the liquid SiSmuth;
The R.F, field was turned off, the sample allowed to cool to room tempera-
ture, removed from the apparatus, and then observed to see if wéttingvhad

taken place:



L]

b | UCRL-1094

Experimental Results

A total of thirty-four runs were made under the varying conditions of

' oxidizing, reducing; and inert atmospheres, The gases utilized for these

¢onditions were air, both at one atmosphere and 4 mm, Hg pressure, nitro-
geh, ﬁélium9 argon, and a mixture of twenty volume percent of hydrogen in
in aréon9 all at one atmosphere pressure; After immersion in liquid bismuth
and cooling to room temperature, the samples weré observed macroscopically,
under 3X magnification; to determine if wetting had taken place, The
results of the tests are given in Table I;

The results with air are to be expected, since both the steel and
bismuth exhibited surface oxidation, éven at a pressure of 4 mmong where
the oxygen partial pressure is approximately 0,8 mm, Hg..

When heated to 1500°F in a nitrogen atmosphere, all the steel samples
were coated with a black material, Sﬁbmission of a sample of this black
coating to én X-ray diffraction test revealed that the coating was amor-
phous; A summary of the diffraction report is given in the éppendix° It
is quitevprpbable that this was an iron nitride coating, that prevented
any wetting from occurring,

In a helium atmosphere, if the steel is preheated to l500°F and then
immersed into molten bismuth at 1000°F, irreversible wetting takes placeé
ioe;,'dewetting does not take place on cooling down tb room temperature;

No wetting was éver obtained with the Tybe hLé stainless steel because the
magnetic -susceptibility of the steel was so low, due to its austenetic

strucbure,vthat-the-RoF; field was never able to produce a temperature in

—exceés-of 1000°F, The data obtained indicates that a preheating temperauv

ture of at least 1500°F is necessary to obtain wetting, This agrees quite

well with published resultsl;
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Table I

L]

T&pérdf Steélv":"" Air 7"Ni£fbgén Helium Argon' Argon + Hydrogeﬁ
.plain- carbon . ne ~ no irreversible reveréiblé ’ no
wetting wetting wetting*’ : .Wettingf§nd - wetting .
irreversible
wetting*
2,0 chromium no | no irreversible reversible no
+ 0,5 molybdenum - wetting wetting o wetting*- wetting wetting
stainless steel no . no - no no no
type LL6 wetting wetting wetting wetting wetting

¥ Liquid Bismuth at 1000°F,

760T-T800
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In an argon atmosphere, a plain carbon steel can be wet irréversibly
by preheating to 1560°F and then immersing into liquid bismuth at 1000°F,
Reversible wetting can be obtained by preheating the steel to 1500°F and
then immersing into liquid‘bismuth; The term réversible wetting implies
that the steel is wetted by liquid bismuth at higher temperatures, but
dewets on cooiing to room temperatures, The occurrence of reversible

wetting is strongly indicated by three experimental observations, First,

the contact angle of the meniscus between liquid bismuth and steels at

elevated temperatures indicated that wetting did take place, Secondly,
small pieces of bismuth still adhered strongly to the steel after cooling
to room temperaturé; Thirdly, examination of the bismuth surface frém
which the steel had broken showed the presence in spots of a very thin non-
metallié coating; the surface of the bismuth was a mirror image of the
steel, shéwing file marks ;nd surface irregularities, The thin non-
metallic coaﬁing, mentioned above, usually was more pronounced near the
surface of th; bismuth,

A1l matérials‘used were of commercial grade, with no atﬁempt tq
further purify tﬁem; The bismuth'was 99.4 percent pure; The presence of
gaseous impurities in the gases tested, and especially of oxygen, could
cause erroneous results, The presence of dissolved gases in the bismuth
metall, could explain, in part, the dewetting observed in some of the
experimental runs, Since the a?erage time of a single run in these experi-
ments was three minutes, a longer immersion_timelmight give wetting, and

thus alter some of the negative results obtained in these tests,
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Fig. 1.

Fig. 2.

Fig. 3.

Fig. 3a.

Fig. 4.
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Figure Captions
Glass Tee Apparatus. Note rf coil wound on side arm.
Mechanical Immersion Apparatus, The immersion unit is attached to
a bakelite rod inserted through a Wilson seal. The system is

purged by means of the needle valve., The Wilson seal and needle

‘valve are both attached to the bakelite flange bracket.

Beakér with Vertical Side Arm. The steel sample is placed in the
side arm and pieees of bismuth are paéked into the beaker, as |
shown in the right hand beeker. After melting, the bismuth rises
into the side arm and immerses the sample, as shown in the left
heand beaker. |

Wetted and Unwetted Sampleé. Nofe wetted portion on bottom of
left-hand sample as compafed with unwetted sample on right.

Pyrex Mounting Standé.
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Nominal‘Compositions.of the Steel Samples”-

Plain carbon steel

Chromium-Molybdenum Steel

Stainless Steel Type 446

N

SAE 1010

2.0 percent Chromium
0.5'percent Molybdenum

0.35 max Carbon

23,00 - 30,00 Chromium



Sample Number:

Description:'
Film Numbers:
Intensity

Quality
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Summary of X-ray Diffraction Report

RH 1 Material: Steel
Pyrex cap‘
3398, 3399, 3402

_strong

sharp

Remarks: . The coating was not crystalline, so did not show in
the picture, :



18- UCRL~1094

Explanation of Abbreviations and Column Headings

Used on Data Sheets

1, Steel type: Refers to nominal composition of steel sample, :For full
explanation of numbering system, reader is referred to
< preceding section in Appendix‘entitled "Nominal Composi-

tions of Steel Samples,®

2. Surface Pretreatment: |
A, Physical: This connotation means that all excess oxida-
tion products were filgd off the samples leavihg a bright,
shiny surface.

..B, Chemiqal: Refers to a chemical process of removing
further oxidafion products from sample surface and
involves the following steps:

1, Wash sample in six molar hydrochloric acid,
2, Rinse in distilled water,

3. TRinse a second time in distilled water,

4, Rinse in carbon tefrachloride;

5, Dry under slight vacuum,

3, Temﬁeratures of liquid bismuth and steel samplés: A1l temperatures
“given are invdegfees Féhrenheit; Those temperatures
followed by a small letter m were actually measured by
means of the éptical pyrometer and have been corrég@gdhby
.gq;gmissivityrvalue of 0,37 for.iron~apd_thevgqrrgp@ig@
: ghart given.in Kéh13; page 326° All other temperatures .

were estimated,
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Egplanation of Abbreviations and Column Headings

Used on Data Sheets (cont,).

Lo Experimental Handling Techniques: This column iﬁdicates tﬁe method
of sample immersion into the liquid bismuth, Mech, Imm,
means thatvthe sample was mechanically lowered into the
liquid bismuth, - In contact wiﬁh Melt, Bi,l means the
samplé was packed in a beaker with s;lid biémuth,'and was
in contact with the bismuth as it melted, Iﬁm; by fising
level means that the sample was placed in the side arﬁ
beaker and i;mersion was obtained bj the molten bismuth
rising into tﬁe side arm, For more dgtails the reader is
referred to the second péragraph of the section entitled
"Apparatus" in the body of the report, )

56 _wetting: Yes refers to obtained irreversible wetting, Rev, means

irreversible wetting was observed, No means that no

wetting was obtained,
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Summagy of Experimental Data

Experimental
Handling _
Surface ‘ Technigues Imm, by

... .Steel = Atmos- ... FPretreatment Temp. ~ Mech,  In Contact ~ Rising

Run. Type phere Pressure Physical Chemical Bi Steel Inmm, With Melt. Bi Level Wetting

1 1 air 1 atm yes yes 600 1500 yes no no no
2 2 mgirﬂ. 1 atm yes yes 600 —— no yes no no
3 2 air 4 mm Hg yes yes éOO ;;;g no " yes - no no
h- 3 air 1 étm yesb yes 600 1000 yes no . no no

5 1 Ny 1 atm yes- yes 600 1485m  yes no no no -
g 2 Ny 1 atm - yes ‘yes 600 lh85m Ayés nq> ' no no
'7 3 N, 1 atm . yes  yes  &00 1000 Y¢s no no 'no

8 1 UWN2 1 atm yes yes 600 1400 no yes no no

9 2 N, . 1 atm yes yes 600 1400 no yes no no
10 3 N, 1 atm -yes yes 600 1000 no yes - no no
11 1 He 1 atm yes yes 600 1300 no yes no‘ no
12 ‘-2 He 1 atm yes yes 1000. 1300 no yes no no
13 3 He 1 atm yes yes 600 900 - no yes no no
1, 1 N, 1 atm yes no 600 1500  no " no yes no
15 2 N, 1 atm 'jes no 600 . 1500 no . no . ‘yés no
lg 3»v sz 1 atm yes no 600 1000 no no yes no
17- 1 He 1 atm’ yes no 1200 lhéfm no no yes yes

0z

%60T~T4ON



Summary of Experimental Data (cont,)

Ekperimentai
Handling’
» “Surface , “Techniques ' Imm. by

_____ Steel ..Atmos- ~ Pretreatment =~ = Temp, ~ "Mech, = In Contact  Rising |

‘Run  Type... phﬁre Ere§§gpeu, Physigal Chemical Bi. Steel prm° With Melt° Bi ILevel Wetting

18 v2 - ~He . 1 atm yes - no 600 lhéS no - no - yes nd
19 3 He | 1 atm yes no » 600 1000 no no . yes | no

20 2 He 1 atm yes  no 1000  1488m no n9  _ yes yes

21 3 He 1 atm yes - no 1000 - 1000 no no . yes - no

22 1 A 1 atm yes " no éOO 14,50 hq no , ye§ ~ rev,

23 2 A 1.atm yes no 660 14,50m ~ no  no . _ yes rev,

2, . 3 A rl~§tm -&es_ no 600 1000 no ‘no -  yes ‘no ;

25 1 A ‘1 atm yes no 1200 1465 no no yes yes %3
-26 2 A 1 atm yeé no 1200  1465m no  no : yes - rev,

~27 3 A : Aul-ﬁtm yes no 1000 1000 no no . yés no
: 28 2 & 1 atm yes no 1200 1481m no  no © yes rev,

29 1 A +Hy 1atm yes no 600 1485 no  no ‘ | yés no

30 2 K * H, 1atm 7 | yes no. 600 ~ 1485m  no no ‘yés no S

31 3 | A+ H 1 atm yes no.. . 600. lQOO no no - yes no E

32 1 A+Hy 1 .gt,ni yes . . no 900 1488 no- - no “yes: “no | §
| 3'3' 2 A+ H, 1 atm yes no 1300 1488m no- no o yes.  mo

34 3 A+ Hz 1 atm yes no 966 1000° no no yes no
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