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EXECUTIVE SUMMARY

A commercial vendor, Hohman Plating performed contract engineering work to determine the feasibility
of producing pin hole free KorZincAlloy bronze material used for zinc gettering. Samples were tested for
Sn plating thickness, heat treatability, and chemistry prior to being subjected to a standardized zinc
exposure. The samples absorbed zinc and were examined using visual and scanning electron microscopy.

Hohman Plating successfully produced KZA that met the target composition, was pin hole free, and was
an effective zinc getter.
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1.0 Introduction

As a precursor step to deploying KorZincAlloy in the TEF process as a zinc-65 (*Zn) getter to be
contained in all future process lids, it was determined that a commercial source for the high purity KZA
be developed. As background, the initial material that was built into the TEF Process Lid was a
combination of SRNL and Hohman Plating collaboration. While Hohman Plating provided the tin plating
and outsourced the heat treatment, the process had not been optimized for Sn content and during heat
treatment numerous pores had formed. While the pores did not affect performance in lab testing they are
aesthetically unappealing and may act as virtual leaks. The optimization study described here was
initiated with Hohman Plating in accordance with Appendix A, Statement of Work for Tin Plating and
discussed in SRNL-STI-2017-00093.

2.0 Experimental Procedure

Plating was conducted at Hohman Plating using an alkaline tin plating bath. No additional details are
available. Samples were vacuum heat treated, cut, and coiled at Hohman plating.

Samples were characterized visually to look for pin holes and other defects. The sample surfaces were
characterized using a Hitachi Scanning Electron Microscope (SEM) with an Oxford X-ray Energy
Dispersion Spectrometer (EDS). The EDS was used to provide the composition using a semi-quantitative
method. The samples were exposed to zinc vapor in a high vacuum system that was purpose built for the
zinc gettering project (1).

3.1 Results and Discussion

Hohman Plating plated a 6 inch square sheet of 0.005
inch thick copper from Metals-on-Line using their
alkaline tin plating solution. The sheet was plated to a
nominal thickness of 0.0001 inch of tin. The sheet
was laid out in a grid, as shown in Figure 1, and the
thickness was measured at each intersection using X-
ray Fluorescence. The data are listed in Table 1, and
the thickness results are fairly consistent with some
elevated values at the corners. However, all data are
within the specified range of 0.00004 to 0.0002.

The copper sheet was heat treated using the SRNL
developed thermal cycle for bronze formation (2).
The cycle is:

e Purge with Ar for 2 hours
Heat to 200 °C to 220 °C at 5 °C/min

Hold 8 hours in with Ar purge Figure 1. 6” x 6” Sn Plated Copper Sheet

Heat to 800 °C at 5 °C/min as Marked for Thickness Measurement.
Hold for 1 hour

Heat to 850 °C at 5 °C/min
Hold for 1 hour
Furnace cool under Ar to less than 100 °C
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Table 1 Sn Plated Thickness (mils, 0.001 inch)

Front of Panel X Coordinate
1 2 3 4 5
1 0.12 | 0.10 | 0.1 0.1 0.11
Y 2 0.1 0.1 0.1 0.1 0.1
Coordinate | 3 0.1 0.09 |0.1 0.1 0.1
4 0.1 0.1 0.1 0.1 0.1
5 0.1 0.1 0.1 0.1 0.1
Back of panel X Coordinate
1 2 3 4 5
1 0.14 [ 0.11 |0.1 0.11 [ 0.12
Y 2 0.12 |1 0.11 |0.1 0.1 0.11
Coordinate | 3 0.11 | 0.1 0.1 0.1 ]0.12
4 0.12 | 0.1 0.11 |0.1 0.11
5 0.12 1 0.11 |0.1 0.1 0.11

Figure 2 Post heat treated bronze sheet

The heat treatment resulted in the Sn being diffused into the ~ ¢Xhibiting a  shiny golden coloration
copper and the return of an orange coloration consistent consistent with bronze.

with bronze alloys, Figure 2. There were no indications of
melting or pin holes, like those observed previously (3).

The bronze sheet was cut into strips with widths that were
between 0.25 and 0.5 inch. These strips were coiled around
a 0.5 inch mandrel to form “spring” shapes, as shown in
Figure 3. The light orange coloration is consistent with
what is expected for bronze. The coils were slightly looser
than those that were prepared for the TEF Process Lid that
will be tested in the FY16-FY17 extraction.

The sample coils were further examined at SRNL using |
scanning electron microscopy (SEM) coupled with X-ray |
Energy Dispersion Spectroscopy (EDS). These two
techniques were used to provide details of the surface
topography as well as the chemical makeup, respectively.
The copper sheet that was provided has two distinct surface
appearances, with one being shiny and smooth and the
other being matte and somewhat rough. SEM images from
the two sides at low and high magnifications are shown in
Figure 4. These images are consistent with previous efforts
conducted at SRNL to fabricate the zinc getter material using this starting stock and an SRNL acidic
plating bath.

Figure 3 Coiled bronze after cutting and
coiling. This color / tint is more realistic
than what is shown in Fig. 2.

The as fabricated chemistry was determined using SEM — EDS with the results show in Table 3. The
composition is very consistent from the analysis of a single coil. These results are not surprising since the
plated thickness was consistent. The tin content is lower than expected at nominally 3% but well within
the 2 to 10% Sn that has been evaluated over the course of this project (4). The sample composition was
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Sn-Cu Coil 20.0kV 8.0mm x500 LM(L)

500um Sn-Cu Coil 20.0kV 8.0mm x500 LM

Figure 4 As received condition of the Hohman Plated and diffused bronze; (a and b) are on
the smooth side, low and high magnification, respectively and (c and d) are on the rough side,
low and high magnification.

also measured using Ion-coupled Plasma Emission Spectroscopy (ICP-ES). A number of sections were
cut from two coils to determine the average tin content with variable results, such that they are not
reported here. SRTE also has strict chloride content requirements and the chloride content was measured
for both surface soluble halides by rinsing the coils and analyzing the effluent and also by dissolution.
The halide content was less than 100 ppm which is the detection limit of the method.

A zinc exposure experiment that used similar conditions to the prior zinc getter development testing was
conducted (1). These tests use a zinc source temperature and filter temperature of 350 °C, after
evacuating the system for twelve hours to achieve a base pressure of 1 x 10 torr or higher. The filter was
heated to temperature four hours before the zinc source to ensure uniform temperature conditions for the
getter material. These conditions were selected since there is a large body of data for them and the mass
gain due to zinc vaporization is well characterized with the samples turning into a golden color as shown
in Figure 5 for the Hohman bronze coils. An as-received coil is shown on the left side of the image to
compare the initial and final conditions as well as show the orange to gold transformation. The total mass
gain for the coupons is listed in Table 3, as is the nominal specific mass gain, i.e., the mass/surface area.
These mass gains are consistent with the amount of zinc vaporized and prior experiments (1).

The zinc exposed coils were subsequently examined via SEM and EDS. Figure 6 shows typical EDS
spectra for an as-received and zinc exposed bronze sample and the only elements present above the

3



Table 3 As fabricated composition of
Hohman Bronze as determined via SEM EDS.

Cu-Sn Hohman As Fab

ID Cu Sn | O Si C
Inside 100X A 95.8 | 2.9 1.3
Inside 100X B 97.1 | 2.9
Inside 100X C 97 3
Inside 500X A 97.1 | 2.9
Inside 500X B 96.1 3 |09
Inside 500X C 969 | 3.1
Average 96.7 | 3.0
Outside 100X A* 65.7 | 1.9 32

Outside 100X B 96.9 | 3.1

Outside 100X C 96.8 | 3.2

Outside 500X A 96.9 | 3.1

Outside 500X B 96.9 | 3.1

Outside 500X C 96.9 | 3.1

Average 96.9 | 3.1

High carbon is likely due to sampling error
encompassing some carbon tape residue, ignoring
the C indicates a 2.8% Sn bronze.

Table 4 Composition of zinc getter material
after exposure.

Cu Sn exposed to 4 g zinc vapor
Cu | Sn | Zn
Inside 100X A 54.0 | 1.1 | 449
Inside 100X B 5411 1.0 | 44.9
Inside 500X A 541110 | 44.8
Inside 500X B 541 109 | 449
Average 541110449
Outside 100X A | 54.8 | 1.0 | 44.2
Outside 100XB | 54.4 | 1.0 | 44.5
Outside 500X A | 54.8 | 1.0 | 44.2
Outside 500X B | 54.7 | 0.9 | 44.4
Average 547 1 1.0 | 443

SRNL-STI-2017-00093
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detection limit for EDS are Cu, Sn and Zn. The
rough and notionally smooth surfaces in the as
received conditions were maintained after the zinc
exposure. Low and high magnification images are
shown in Figure 7 for both sides of the zinc exposed
bronze. The surfaces are uniform with no signs of
excessive zinc deposit, which forms geometric
shapes with higher purity-more zinc rich deposits.
The composition of the bronze getters is shown in
Table 4 and it indicates that the zinc getter contains
nominally 44% zinc and a consistent composition
across the various areas that were examined. The
SEM images in Fig. 7 are correlated with the
locations indicated in Table 3.

Table 2 Chloride content of coils measured via

ICP-ES
Sample Type Cl F
Dissolved <100 <100
Rinsed <100 <100

Figure 5 Appearance of bronze coil in the as-
received and zinc exposed condition. A PM
bronze standard sample is also shown.
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Figure 6 EDS spectra from the (a) As fabricated Hohman bronze and (b) Zinc exposed
Hohman bronze

Figure 7 Zinc exposed Hohman bronze after 350 °C zinc exposure; (a and b) are on the
smooth side — outside B, low and high magnification, respectively and (c and d) are on the
rough side inside B, low and high magnification, respectively.

5
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4.0 Summary and Conclusions

Hohman Plating successfully developed a process to prepare KorZincAlloy by an alkaline electroplating
deposition and diffusion process. The plating thickness was uniform over most of the surface with the
edges having slightly higher amounts. The diffusion cycle that was used in conjunction with the plated
thickness did not produce any pinholes due to melting. The composition of the bronze met the
specificated range. The zinc gettering performance was consistent with that of the SRNL produced and
the initial Hohman Plating bronze that is installed in the process lid that will be used for and extracted in
FY17.

5.0 Recommendations

Hohman plating is a reliable vendor and should be considered as the vendor of choice for future KZA

procurements provided KZA acts as it is intended to do so and actively getters the ©°Zn that evolves
during extraction.
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Appendix A. Statement of Work for Tin Plating

Statement of Work for Tin Platng SEML-L4410-201 300001
Bevizion #1
Page 1 of2

1@ SO0PE:

11 Descripoen of Werk (ServicesRepairs io be performed)c

Snbcontracior thall prepars a methodology for platms coppsr sheets and obtaining beat treatmemt of
the sheots o produce bronzs. The tak is a phased acthvity with initial wrial(s) for plating, an opticzal
pptimization step, followed by 2 beat teating phase, with the Gmol phase being a process that will
sl i electroplating and beat treating of a towl of X8} — 300 squars inches of copper shest

] EREFEEENCE DDOCTRMENTS:
Moms
3m WORE EEQUIREMENTS:

31 Teckmical Requirement:
All electroplating work shall be parformed by the subcomtmactor 2t e factory or thair wobtier
supplior:. Heat treatmert denelopment | validafion / optzmzticn will be conducted by SEMNL o
sxtsting safe work practices.  Phase 4 will ks conducted at the supplier or their sebtier suppliers.

Phase 1. Scoping Stady
Thsa weoric skall mcindo the following:
Catting, supplied copper to appropriaie dimeonsdions
Cleaming surfaces of copper suttably for plating inboth acid and alialiss tin baths
Electroplating surfaos with a target thickness of 00001 o 00004 inch (1.5 to § mxicromesers)
Examnining thickness and providing a report
Providing sanples for heat treatmant optimization
Phase 1. Optimization {option) in the svent Sat the scoping smdy &id not produce acceptable plating
thickness.

This cptiomal phase repeats phase 1 with different, eroletionary proces: paremssies.
Phase 3. Heat treatment devel opreert o be condncted by ERNL.

Exposs slectoplaied copper shest to a thermeal profils that will diffeve the tm imdo the copper
thest to producs bronzs with & compaosition that ranpes betwean 2 fo 16% 5o
Phase 4. Protofype scale mp

Vandor shall coat spproximaiely 250 in” of bronze with a cooposition of 2-16% 5o
Vandor wtall provide matarial in beat teated condition.

3! FURNISHED MATFRIALSFRVICES:
SRML shall provids coppar sheat smitable for plating for all the tasks 7§ piaces 12 inches x 12 inches
shall be provided for the indtial tral pobantial optinvzxtion, and fnal phas. Shost may be cut by the
vendor imto woaller e to fadlitse kandiing plating, sic. Mindimmm sive piecs moy be 0.5 x 3
inchas.

33 Site Condifions:
NA

34 Period of Performance Schedule Baquirements:
Puariod of Parformamce wkall bagin npon recaipt of PO and actend for eight weeks.

35 Personmel Qualifications Certficaton-
NA

PEEOZ262015

A-1
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Statement of Work for Tin Platng SEML-L4410-201 5300001
Fevision #1
Page 2 af2
36 Deliverables:

Phase 1. Scoping Stady

Vimdor shall supply a repoet Sat supsrmrings the tath typs nsed and the plhitng thickness.
Phase ). Optizization (option) & the event Sat the & copizng smdy did not producs acceptable plating
thicknass.

Vemdor shall supply a repost Sat supomrizes the bath typs nsed and the phitsg thickness.
Phacs 3. Heat treatmsant devaloposmt by SERML

SEML shall provide vendor a report contining e therrml profle and chemisiry of dheet.
Phase 4. Prototype scale

Vandor shall sepply 2 report contaizing the: m plated coating thacknes, the themmal profle
nnddhh:mmdﬂuuwhmid:mrryuf;hntudwmmﬁ]yﬂﬂm of hrozza
with & compositon of 2-18% 5n

400 ACCEPTANCE OF SERVICES:

Sebcontractor will provide reparts for sach plase accooplisbed, a retwms o SRS of symeximataly 260 in”
of brenze sheets, and all massrials not consemed during festing.

=1 ATTACHRENT:

Hone

PEEDZ262013
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