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Use of Galinstan as a Contact Agent for Additively
GE Research Manufactured Components in
Cryogenic Engineering

Table 2: Test plate & cold

Coldhead = bus details
Cold plat B .
. T Bus / cold plate: |
Sample top B W N Contact area: 70 mm width,
Interposer 2 T4 ottom plate sensor
S s _ B AT (apton foil heater (bL.JS contact) 150 mm length
bottom Thickness: 25 mm
with foil heater hea?ﬂux Top plate sensor Co oper
Surface roughness R Test p|ate5:
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Stack-up ckness 3.175
Cold plate sensor Surface R.: 4.1 um Cu-plated
Ti grade 2
. : : ! : . 3.3 um Cu-plated
Figure 3: Thermal interface test schematics  Figure 4: Direct mount to heat bus Figure 5: Two samples mounted to heat bus inconel 718
Table 1: Test results for various thermal interface materials
9 - Interface choice Interposer | S geonletry e
9 - mm (pcs) Comment 4 ]
85 - bond T (K) 112 -
80 - heat transfer area 10
iy Copper | Copper Bare / dry 1.5 12 111x108x3.1775  Vacuum /- no grease 1 1323:;
ER Copper [ Copper Galinstan 0 - 111x108 X 3.175 GalnSn - wetted 2 : 13;2:5
é o Copper | Copper Grease 0.1 7.3 111x108x3.1775  Apiezon® N (both sides) 3 § g;E
95 Copper [/ Copper Indium + 0.055 — 25 X 25 X 0.038 (6) Apiezon® N (bOth sides) 4 225 —— Ch 6 CX122399-Sample Top
30 - Cu/Galinstan/Cu 8:4 E —-—--Ch 7 CX122418-Sample Bottom
i . — Grease In 99.99 %, pure 2 \
15 E g Copper [ Copper AlLO; [ Grease  0.145 9.5 25X 25X 0.045(5) Aluminum oxide tape 5 ;jz
P R (Apiezon® N on both surfaces) I S I I L O L R A
STTEEEEEEES tTi:eiicfndgs ERARRAaananans C‘Opper/ Copper Graphite + 2’6 15 25 X 25 X 0'16 (5) Farne” / Element 14 6 e Cgooldivnwidowimeisecfnds%O R e
. Grease .
Figure 6: Copper p!ate sample Copper | Copper  Aluminum + o 7 25x25x012(5)  3M 425 Alu 99.6% foil + grease 7 Figure 8: Cooldown curve of copper
cooldown with Galinstan compared c coated Inconel 718 samples
rease
to bare / dry surfaces , -
Copper / bare Indium / 0.2 15 20Xx20x0.127(6) Grade 2 Titanium, 8
gg:j Titanium Grease In 99.99 %, oxidized e ;W e o
ifi Copper /[ Titanium  Grease - 35 108 Xx95.3x3.175 Apiezon®N 9 i .............
EE ‘\ z:::z::::iplmplt Copper [ Titanium  Galinstan = 30/17 108 X 95.3 X 3.175 2 runs, no coating 10 . 2: ______ /
’221-35 K \\\\_ \ Copper /[ Cuplated Galinstan 1.0 16 108 x95.3x3.175 Inconel 718 11 ; EE -------
g i - Inconel o
7 _: || Cold plate and cold head 14+~ Lanl :
- \/‘.— Copper/Cu plated Galinstan - 12 108 x95.3x3.175 Sputtered Cu single side 12 e/ —
: Titanium S
L0 R B e T R W W R S R R R L S R Cu plated Inconel/ Galinstan 0.03* - 108 x95.3x3.175 Each plate Cu sputtered (both) 13 3;'c','c','g'c','é'é';'é'c','c','é,'c','c','c','c:,'é'é'é'é'é'é'é
ST 99Cildo?vnwo‘;doitimgeinfeco::dsg TR Cu D atEd Incone' o im:”:‘:cono;s@ ST
Cu plated Titanium / Galinstan 0.40 - 108 x95.3x3.175 Each plate Cu sputtered (both) 14
Figure 7: Graph of sample cooldown . Figure 9: Heat load measurements
" with dissimilar materials and Galinstan cu pated Titanium with Inconel
- Wit Y .
. Cu plated Titanium /[ Galinstan 0.61 - 108 x95.3x3.175 Each plate Cu sputtered (both) 15
Cu plated Inconel®
5"‘\!(ey findings Designation in table 0 e
A CO be bonded d — experiment stopped before final dT was reached, dT too big, timeout c4 2
\ mponents can be bonded an - . ? &
! 330 N of spring load on sample area - % .
' separated at room temperature + 3nd cooldown after warmup to RT X P
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N 6. Summary FER e -
* Contact can be thermally cycled B Gl e — " - - 3 . e
5 - 24
with repeatable performance or the given ta§ , Galinstan was the obvio . oice for matching materla s with very / ——
- h\‘\ - ch Jumbbell low thermal resistance. However, only materials with~the.same CTE achieve good bond e 4 -
° ) 12
ort ed i COpfg(r)OgnN] = S” strength and high thermal conductance at 4 K. Y YT Y TN YT YN Y
V‘l{‘e UES czrcleocg) y to pu Dissimilar materials even fail when copper coated due to the CTE mismatch. =
s apart at\\ So far, thermal and mechanical properties of Galinstan are still unknown. Figure 10: Thefmal conductance
Galinstan can be used for many Given the ease in which a repeatable thermal and mechanical contact can be made and measurements with Galinstan as
different cryogenic a‘anI‘lcatmns maintained and removed at 16 °C for many applications, this is a suitable alternative interposer and different materials

N to high purity indium, or other solders and greases that require high contact pressures. /



