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INVESTIGATION OF ZINC DISPILLATION IN YELLOW BRASS

INTRODUCTION

This investigation originally started as & brazing prodlem. .The
problem was to find s method of brazing ysllow bfass.gap tubes (GL¢133§
and GL-1B37) in a hydrogen atmosphere furnace using o suitable bard |
gsolder., | »

The specification cﬁllod for c0ppermsi1ver eutactic brazing alloy, -
General Electric Specifiﬁatlon B20F3, However, a few other silver alloys
were tried and the furnzce temperatures in this 1nvestigation'ranged from
725°C 1o 900°C. These higher temperatures brought out ons other eccen-
¥ricity of yellow brass; mamely, zinc ﬁistillatiqne

A% this point, 1t might be well to define or describe zinc distilla-
tlon as covered in this report, Zinc distillation is a phepomenon in
which the zinc actually passes off as a vapor leaving tipy cracks or a
porous condition, and reéultingiin a decrease of the zinc content of the
yellow brass.

As the time necassary for this investigation was short, and due %o
the fact that only one applicetion was covered, the data will only serve
a8 an indicatlon of what may be expected on other types of parts made of
yellow brass and subjected to the above mentioned range of temperatures.

Any reference %0 gap tubes in this report will mean sither the GL-
1B35 or the,GL-1B37°‘ The macrophotograph which follows shows a cross-

section of omne of thess tubes.
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The distillation of ginc from yellow brass procaéds more rapldly from
the point having the higher temperature and gradually decresses Loward
the cooler sectiong. On the'surface.of the bress the z2inc distille

from the alpba solid solution. The lonner portions of fhe bress show
the zinc distilling from the alpha solld sgolution and forming between

the grainsz.

Tha smaller or thinner sections of the gap tubes exhibit a greater
percentage of porosity and penstration from which the zinc has dis-

tilled, (See photomicrogreph, figure #2)

The porosity and denth of penetration of zinc distillation imcreases

a8 ths heating time increasss.

The highar the farnzce temperature emnloyad, the faster the zinc
distills %rom the brass and the more critical the time necessary for
good brazing., (See graph) "inc distillation was in evidence at
tempefatures repging from 725°C to 900°C. From the vapor pressure-
temperature curve of purs zinc At would seem that small amonnts of

zinc would distill from the brass at temperatures under 725%C.

{Sen zinc vepor pressure-temperature curve, page 9)

It is a fact thal Impuritlies such as biemuth or lead in ths neighbor-
kood of from 0.01% to 0.001% in copper alloys will form low melting
eutectics and theee form along the grain boundaries. Microscopic

examination showe some alloy forming along the graln toundarles

within the bress. (See photomicrograph, figure #4)
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6, The distillation of zinc from the brass effects brazing or soft
eolderﬁng in that it leaves voids or cracks through which the solder
will run more readily. This mskea a subsequent gsoldering or brazing
Job very critical with respect to %ime and tempsrature. The work
can vory easily be ruined by the sclder actually breaking up ithe
base mebtal into a network of isolated particles surrounded by solder.

(Ses photomicrograph, figure #3)

EQUIPMENT and MATERIALS

" A large coﬁveyor type hydrogen atmosphere furnzce was used in
Building #8 for brazing a few tubes, Most of the brazing wes done in
a U inch D" ghaped hydrogen atmosphere, muffle type furnace located in
the Dovelopment Shep of the Schenectady Tube Works.

The boats consisted of either g carbom block 5 3/U" long x 1 5/8"
wide x 2" dsep welghing dhout one pound with room for five tubes, or a
small stesl fixture weighing about three-querters of a ﬁouné with rcom
foxr two tubes.

GL-1B35 end Gl-)B37 tubes whose parts have compositlons as follows:'

Body - 65% ~ 70% coppex
356 - 30% zinc
small amount of lead (approximately 0.8% max.)
Partition - Ssme as body
Tubulation - Bundy tubing (B30E23)
Hard Solder Rings - B2(F3

Flange - 80% copper
: 20% zinc



PROCEDURE

The gap tubes bave three Jointa which bave to be brezed. The parti-
tion is brazed to the body, the body to the flsnge, snd the tutulation
to the flange. The ledge referréd %0 in the data is the top part of the
body and 1s 0,025" thick and 0,040" deep mccording to Ne2l501MC,

The tubes were asssmbled by ewedging the pertlition to the body and
then putting a hard solder ring on top of the pertition, a hard solder
ring under the flange of the tubulation, and one on %top of the flange

base. The mssembled tubes wers then put on ths boats and brezed in the

furnace.

DATA AND GENERAL INFORMATION

The following tmble shows the depth to which ginc distilla@ion will

penotrete and the brazing temperatures and times used.
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A1l the tubes mentioned in the table wers mounted, polished, etched
and viewed at 210 magnificatlion. All measurements were mads microscop-
icrlly with the use of a filar syepiece. All measursments were taken ab
the ledgs part of the tube as this was the thinnest section of the bubde
and showed the greatest emount of ginc dlestillation. It may be mentioned
at this point, that the flangs havidgz a composition approsching that of
rod brass snd being made of hsavier material thanm the rest of the tube,
did not exhibit the phemomenon of zinc distillation to any noticeable
extent. This is also shown by the photowicrograph, figure #6.

I% must be noted that brazing times and depth of psnatratioﬁ of
zine distillation will vary according ﬁo the typs farnacs uesd, the

total load im the furnace, and the structure of yesllow brass material

. belng brezed. This data, therefore, will only ssrve as an indicetion of

wh@.t ooy be exnected on othar typse of parie made of yellow brasss which

heve to be subjected to temveratures betwssn ]_gﬁ% and 900°C in a hydro-

gen atnmosphere fursace.

As cen bs sesn from the table snd tha graph, the time in the furnace
becomeg‘ more criticel es the bress approsches 1ts melting point, From
tha conatitutipnal diégram. yellow brass of this composition will become
mushy od about 905°C, It was also noted that greater distbrtion seemed

to takeo place the highsr the brazing temperature.
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FIGURE #1

This ehowe a crosg-section of a gap tube taken at ths
corner of the ledge in the "as received" condition. Note that the
black dote are lead inclusions. The grain structure shows fine strain
lines which indicate that the material has been cold worked (maohining
and drawing) rather heavily.
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PIGURE $2

This photomicrograph is a cross-saction of the ledge portion
of the bedy., This %nbs had been brazed in & hydrogen atmosphers for
17 1/% minntes ot 825°C. You will note that the zinc hss distilled from
the outer surfmce of the brass leaving large cracks which follow the
grain boundaries. AY some pointe, low melting eutectice and pure zinc
have formed betwesn the grains and can easily be seen in the picture.
Also note that the depth of cracks resulting from ginc distillation
gradnglly decreased as it approached the heavier portion of the body.
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FIGURE #3 FIGURE 4

Figure #3 and #4 are photomicrographs of cross-sections of the
same tube, Thls gap tube was picked at random from a number of complsted
tubes. After brazing, a fernico window frame and window ars soldsred onte
the ledge part of the body. The solder used was pure tin., The whole body
is then silver plated.

Figure #3 is & cross-secticn of the ledge which shows & cormer

of the fernico window frame solderad to the ledge. The tin solder has

ran through the voids, which were coused by zinc distillation in brazing,
and bas elloyed with the brass. You will note isolated particles of the
braes base which are surrounded by tin and tin-brass alloy- In some cases
the alloying almost weni across the full width of the body, thereby weak-
ening the body at these pcinte. ‘

Figure #li 418 a section showing the grain structure in the center
portion of the body, ¥rom the structure it is probable that this tube was
in the furnace slightly longer than the prescribed time at 900°C, as the
graln broundaries show evidence of zinc and low melting eutectics froming,
I% is elso probable that the pinc distilling from the brass condenses
between the grains as the tube is ghoved into the cooler of the furnace.
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FIGURE #5

This is a photomicrograph of the crosg—section of the center
portion of the body which was brazed in the Development Shop of the
Schenectady Tube Works. The brazing wes done in & U inch "D® shaped
hydrogen atmosphere furnace &t 9009C for a total time of ten minutes.
Again cracke are in evidence proceeding towerd the center of the body
from the surface., At other poriions of the body as viewed microscopically
it wae noled that zimec distillation had proceeded through the total width
of the body. The black dots denote lead.
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FIGURE #6

Thie shows a cross-gsction of the body brazed to the flange
using B20F3 brazing alloy. Thies fube wes in the furnace & litile longer
thon pecessery in order to glve a more noticeable comparison of ths sffects
of a silver braze om two types of Limss., Note that in the upper lefi-bhand
section of the body that cracks ars in evidence at the surface. At the
braze portion of the body the silver alloy bas flowed into the cracks and
alloyed %c a much greater exteni than with the flengs part of the tubs.

Wo are reminded that the body is a %mue yellow brags with a emall addition

of lsad and the flange is 80% copper, 20% zinc which is closer to & true
red brass. X




