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ABrazing & Soldering: Assembly with a filler metal having a melting point lower than for the assembled mat
ASoldering: Melting point of the filler metal < 43C, Brazing: > 450C.

AAllow the assembly of different metals and-metals (ceramics).
AAllow high precision assembly.
AMechanical resistance generally less than for welding.

AWetting of the filler metal obtained using a flux or with vacuum / reductive atmosphere (and coating if neec
\ J
— Y
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SL+ Lvcos(dp)= SV o, 2 drglaichi
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(Ex.: CtAg on Cu) Vapar
“‘t 3 RQAYGSNKIS®)@A 2y > Liquid@ v
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(Ex.: CtAg on Alumina) //%3&;67/A s

Brazing / Soldering: f°X @n L R &t gbdd &razimg by capillarity.
What prevents good wetting good interactionon a metal i®xidation!

Two solutions: the flux or theacuum
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Main objective of the vacuum brazingxide reductiorat high temperature / low (artial pressure

Example with Copper (Cu):

Gibbs energy of metal oxide formations: G =H7 TS

DGO=DH - TDS v DGO @A+BT
DC
DGO:fDdeT- TﬁTpdT

At equilibrium, for the production of one mole 0§:0

PO
2DGQ . =RTIn_22e4.T)
(T) P

T I:)OZ(T ) 7 I:)Oz(eq T) Vv  Theoxideis stable
POZ(T) < POZ(eq T) Y  The oxide decompose

CAS June 2024

H=U+PV
For the reaction: 2 CUZO a 4Cu+0O

2

ForCuO,, A=-169881 and B= 74.43ource: CRC Handbook]

At 800°C, DG =-90 kJ A DG =-180 kJ for 1 mole of Q.

With DG =-180 kJ, %:17 10 9

With P = 760Torr, P =1.310 6('I' orr)

0, (eq)
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Pressure (Torr)

1.E-02

002 Partial Pressure

- —Furnace pressure (est. : x 500)

AG =RT Ln (PO2/P)
Cu+02<>Cu02
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Vacuum Brazing The Ellingham diagram
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N :/f:im? ] , = For CuQ, A=-169881 and B= 74.4S3ource: CRC Handbook]
\ ; 1
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CAS June 2024 8



VacuumFurnace

Vertical(1) or Horizontal(2) configuration, made of a
high-speed vacuum pump (diffusion pump)(3),
vacuum chamber with double walls water cooled(4),
stainless steel / molybdenum screens(5), molybdendr - |
heaters(6)molyddenumsupport(7), electrical = o |
cabinet(8). | b
(case for a almetal vacuum furnace) 4
CAS Jume 2004 Visit 112-R-A10 |




@ Vacuum Brazing assembly
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AWetting is generally excellent. ¥
ABrazing on large surfaces possible. e B
AAllow very good thermal and electrical contacts '

AAssembly clean and UHV compatible.

(Filler metal and material with low vapor pressu
ADissimilar materials can be join.

AAllow high precision assembly with little or no © .
distortion of the components

But:
AHeat treatment can affect the properties of
the base materials.

AMechanical tolerances are tight

Filler Metal Gap ldeal Brazing Temp.

(mm)  (mm) (°C)
Cu 0-0.05 0.025 >1083
Ag-Cu (Pd)  0-0.05 0.025  795-820
Au-Cu 0.03-0.1 0.05 >920
Ni-Cr 0.03-0.1 0.05 >1050 Filler metal seen on

the vacuum side

CAS June 2024 ' — 10
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Joint configuration:

- Groove, no gap (R4 0.8 um)
- Groove on a diameter

- Chamfer

- Foll

- Paste

I
Copper (OFE) / Stainless Steel (316LN)
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CE/RW @ Metal/Metal Vacuum Brazing examples
\ Stainless Steel / Stainless Steel (316LN) m
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Mo i Stainless steel

Cul Stainless steelTi
Glidcop- CuNi
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Metal/Metal Vacuum Brazing examples o
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Case ofGlidco
Efégjqu\g{%_ﬁllzl\rij@r p The CERN Accelerator School

200 pym

14
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e ‘ @ Metal/Metal Vacuum Brazing examples
' )\ Brazing & Partial Diffusion Bonding m
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MIRROR FINISH COPPER/COPPER
DIFFUSION BONDED SURFACE
CREATED DURING BRAZING CYCLE
PROVIDES ELECTRICAL CONTACT AT
INNER SURFACE AND BLOCKS FLOW
OF EXCESS BRAZE MATERIAL INTO
CAVITY

PARTIALLY DRILLED COOLING
WATER CHANNELS USED TO HOUSE
ALLOY FOR BRAZING

OUTER DIFFUSION BONDED SURFACE
BLOCKS FLOW OF EXCESS BRAZE
MATERIAL OUT OF CAVITY

© une 2024



Ean @ Metal/Metal Vacuuntoldering examples
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AHigh puritySnAgorSnPbs ol ders can be used in vacuum &
Vapour Pressure i _
Leos - Typical solders:

SnAg (eutectic):m.p. 2214C
SnPb(eutectic)m.p. 183:C

1.E-05 .
- Wetting acceptable on:

1.E-06

Cu and Ag

1.E-10

1.E-11

1.E-12
100 200 300 400 500 600 700 800 900 1000

Temperature (°C)
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@ Metal/Metal Vacuuntoldering examples
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Vacuum soldering of High Temperature Superconductor (HTS) tapes for
the LHC current leads.

HTS tapes soldering SnAg

Kovar fABmA\gesoO

CAS June 2024 1 7



Ean @ Metal/Metal Vacuum brazing examples
\ Case of the RFQ | 4-Vanes m

ENGINEERING
DEPARTMENT

The CERN Accelerator School

TheRFQ (Radio Frequency Quadrupole)

Modulated vane Modulated vane
Opposite vanes (180°) Adjacent vanes (90°)
A minimuf dislance Irom axis
M= 8- magimum distance from axis . .
R Perturbatlonlﬁ(/loqlula.tlon) of thg EIectrodes\_/gnes) _
PA' modulation period produces a longitudinal electric field for theceleration
of the ions.
RFEQ Performances Cell number
6 4 73 119 135
. ) ) ) —_ RM ]
- The RF field allows th&ocusingBunchingandAcceleration § Shaper Gentle buncher Accelerator
2 AS e e R R A A A VAV AV AVAVAVAVAV AV
- Is the only linear accelerator accepting a low energy g °C e m A AAAAAAAAANANANANA]
continuouseam g s .
= s — | 1 | ]
: 100 200 300 388
- Acceleration up to 510 MeV for protons Vane longth {om) T PWanglen2011)
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@\ @ Metal/Metal Vacuum brazing examples
) Case of the RFQ m
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Synchronism between the modulation and

ENGINEERING
DEPARTMENT
the velocity of the particle in arRFQ
Vertical Modulation PIXE-RFQ
0.0 T T T -
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Views of the high energy side (last cells) of the vane for t
RFQO0s at same fr equen eegergy.s
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w [/_L’ﬁ:;\ Metal/Metal Vacuum brazing examples
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\ - Case of the RFQ m
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RFQ are generally used as an injector (LINAC4), but (recently) can be used as well as stand alone acceleratc

CAS June 2024 20
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Metal/Metal Vacuum brazing examples
Case of the RFQ

Mechanical Tolerances

RFQ Linac4 — 352 MHz

HF-RFQ — 750 MHz

(2011) (2016)
Vane (Shape) 10 um +5um
Vane (Position) £30 um £ 15 um
Cavity (Shape) 20 um 10 um
Displacement max. (X-Y) £50 um +25um
Displacement max. (Z) £50 um +20 um
Module gap £ 15 um +10 um
Brazing ' &] : Brazing
surface L surface R

Braz surf. L Braz surf.

D\

0.015

z 0

-0.015
965

Axe faisceau

. Flatness of the Left and Right brazing surfaces: After machining and after heat treatment’@t 800

5 0

282
50

292

0.06
0.04
0.02

o

-0.02
-0.04

-0.06
96

5

‘ .

Qe

Axe faisceau

5

v

0

242

292

o0

The CERN Accelerator School

Tolerances are very tight for an RFQ
€ but good machi |
alignment are not enough.
Deformations during brazing must be
anticipate!

Recipe:
1. Discuss a cavity design which

reduce the machining time and
constraints and limit the risks during
brazing.

2. Alternate machining and heat
treatment steps, last machining befo
brazing must be
3. Have a good alignment strategy (
good metrology).

4. Have a good tooling reducing
possible movement during brazing.
5. Use a thermal cycle adapted to thi
size of the piece.

21
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Metal/Metal Vacuum brazing examples

4-Vanes design
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Case of the RFQ m
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Machining with shape tools

at. G608

(o7)
7 0.005 B
——— .7Ji_.._. e 1]0.005[A]
A ‘B =
a B 6.6
\ !

ENTHINE




@\ @ Metal/Metal Vacuum brazing examples o
) Case of the RFQ m
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Metrologyi Alignmenti Machining of reference surfaces

TR 4 Major Vane - Finition

0 0.01
0 50 0 150 200 250 300 350 400 450 500
ﬂ A 0.008
0.006
0.004

0002 * PMBMes

L d
N e ? Nom-EDMS
=
E : ; : 0 o Nom-Mes
N K . o 8 * PMB Mes-Nom
: 5 : .0.002 =—Dr de Corr
. : .‘ ; « Delta Corr
o
. 4 -0.004
. °
ol 5 ° s
of < ¥ -0.006
ﬁ d U
-0.008
-3 -0.01

Y (mm)
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@ Metal/Metal Vacuum brazing examples
CERN
\ Case of the RFQ m
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First brazing : alignment and assembly

CAS June 2024



CE/RW @ Metal/Metal Vacuum brazing examples
\ Case of the RFQ m
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First brazing : Fixture and brazing

CAS June 2024



N @ Metal/Metal Vacuum brazing examples O
\ Case of the RFQ wl ’
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Second brazing : Fixture and brazing

CAS June 2024



@ Metal/Metal Vacuum brazing examples
CERN
\w Case of the RFQ m

<
ard EE%LI\EETI;Z\E&E\&C% . i ; The CERN Accelerator School

Good job

One module finished &
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(s @ Vacuum brazing of Alumina (Ceramic) m
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Mo + MnO (Mn) powder on alumina (AD;) @ T > 12004C and R,y / P, > 104 induce:

TEMirtRATURE, *C

1206

100 500 1000 1600
+ lm Il i " A b l' T i T T " I IA T Al 'l A A
f I ¥, 1| METALS EASIER 10 REDUC
A
E +80 ’ A-1A THAN THOSE PLOTTED 1
o § 1A Au, P Ag, Pd, +
o 60 ol RS I, Cu, Ph, La "
g ! / Co, N, A 1
] $n.0s, 1S MORE L10
z 40 8l DIFFICULT T0 i 2 %
2 t 'y, REDUCE THAN 4 z
THOSE PLOTTED ||| “ = |
8 =) / L1 >
o} 120 H-1> =
3 g / 11~ 3
3 Wy R B
33 HHAAT ] TAPTEEr &
z S d W AZP =" d N % B
- ' >
e 3 1/ 4,0>\ / _ M A <‘~'§/¢ L) Ry ;
3 / [ faf { 1, o1 ,// 1 e =
£ Z-w 0 % P . 2 il [l
P8 A S IS - E A :
ES T80 \'9“.0/“ » X 1, b 4 §
a3 - /) ¥ VvV P
- e 4 vg/dpd ALl S
® / 4 V' L4 )g2 2
b -80 1 — / L~ s 10 )
2 . 4 W AA B
1 1 A
[ Y A
= A A /1/ A4 o = 67{ /4 L4410
i ~120- / —/I'Z_/- 74 Vs - ,:\)m v ’;‘5" :
g 10
1 ~140 y, Pl B 4 A -
E 100 600 1000 1600 2000 2600 3000 3600
d TEMPERATURE, °F Pregaced by Nibalajs Bradny, 1963
Copight Woll Cokmasy Corp. 1088 Bassd on dai from Kabaschawshi wod Fvana, 19617
" ) % U0, & S0, curvas froen 1950)
4. :/:::;L“;::::‘T:d;eCq'l::i‘b’::u;‘ in pure '\hydmﬂ'" atmospheres as a function of dew point showing
p ways as the metal and manganese always as the oxide.
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- Mo reduction andMnO/Al,O,/SIOé vi t r eous ph
- Interaction with the Alumina base material and the binder.

- Sintering of the Mo powder in the vitreous phase during coolir
- Formation of MeMn layer strongly adhering the support.

- Ni layer added to improve the brazing.

510,

~ Liguidus

/ eu'echic
lines

1140°C
A

<1190%C

2Mn0.Si0; e

1eo®cC

Eutectic
?‘5

MnO Al, Oy
\ Eutectic \
1520°C MnO. Al,O,
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@ Vacuum brazing of Alumina (Ceramic) D

TCF = Thermomechanical Compatibility Factor w‘ ’
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YO ©——

With
PD QO DEOIQHNDE "QdEID AN 00 &N

Metal thermal expansiohND metal yield strength 00 Q ‘.,,QU‘ Q; Wm@%?,,aggggé Q g) g? & 08
should be taken into account for Metal / Alumina T OEIOAE iy & ® @ L Wa 220

brazing. _
Max. TCF => Min. Stress
Thermal Expansion (RT to T)

AL/Lgy (%)

2.00 Métal
= = Al203 Graphe N. Anderson
~ = Al203 Wesgo, AL-300 NIOqum
Platine
= = Al203 Wesgo, AL-993
1.50 Tantale
—— KOVAR Graphe N. Anderson Cu iVI‘e
——— Nb Graphe N. Anderson Tltane
] Ti (>882 C) Graphe N. Anderson Kovar
S ———Ti (=882 ) Graphe N. Anderson N iCkeI
—— W Graphe N. Anderson CUNI :
Fe-42Ni
Cuivre OFFE Valdiviez 2002
Monel
0.50 Inox 304 Valdiviez 2002 I nvar
Inox 316 Valdiviez 2002 |\/|0|ybdéne
Mo TZM Valdiviez 2002 Inox 304
000 _ Inconel 600
0 100 200 300 400 500 600 700 800 900 1000 Tungsténe
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@ Vacuum brazing of Alumina with MetallizaticrExamples D
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Ti 7 Aluminai Cu

Cul Alumina (up to diameter 400 mm!)
CAS June 2024 30



Vacuum Brazing of Ceramic @
@y | D e
\ Second process = Active Brazing
J Egghhégl—lﬁg\l\llgl— The CERN Accelerator School
e o
- Brazing alloy containing reductive metat;, Zr, Be, é i g
M 1
' : - - 4t /’;f’fﬁ e
- At brazing temperature, under high vacuum, strong interactio - 200 T — ; A e
o o o . AGu* » 2692 2002 i
with oxides (alumina), carbi e Lt N.oﬂ*f?&%*/@';mwﬁw
I~ 91/_5 A - IM ~
- Complex chemical reactions formed at the ceramic / brazing o0 | ol }aéﬁ/fv . ¢ = N
. . . . . . . . . , |1 P !
metal interface. ExSiC/Ti > TizSIiC,, TisSi;C, TisSi,C,, € . " AT TR~ T "
£ 5 = _;>‘\ ﬁw“
-y I nteraction (wetting) pos C = e ML A e N o f
2 m&z’”wp} T P /// ww\
, . . . o = g T |~
-Z Possible formation of bril|o =700 f=Zt=] i S oo
: o~ N
I: 8> J / 1020
- Example of Active Brazing Alloys: x W0 ATLO N
p g y é; Tio, /k -3 Lo '/ wzz\
. . < -900 vy
CuSilABA (Ag 63, Cu 35.25Ti 1.75) RS /| B 10-24\
Silver ABA (Ag 92.75, Cu 5, Al 1Ti 1.25) - %‘3' = /:’I/ =
Gold ABA (AU 96.4, Ni 3,T| 06) o | ‘; M Melting point of metal ™| \
-1100 ”ﬂrﬁm/—'&‘" B Boiling point of metal | 102
> BeOE= T [M] Melting point of oxide_| m\
e /l’/ temperature, °C i
A e 0 200 400 600 800 1000 1200 1400 1600
PO, (atm) \0-100 \1030 \am \0-50 \0"2 \0‘33 \\0’3‘
0K

Ellingham diagram

CAS June 2024
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Sapphire
(F 115 mm)

Nb

Dilver

Carboni CuSIIABA i CuNi AIN T Dilver
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® Vacuum Brazing of Ceramics with Active AlleyExamples @
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AActive brazing on ceramics

Aluminai Cu

Zro, i Ti

Aluminai Monel
Alumina’i Ti 33
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(s @ Vacuum Brazing olVetals with Active Alloy - Examples m
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44444

Cui W
(CuSIilABA)

Ta tube /316LN withCuSilABA
(A. Gerardin)
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Diffusion brazing The filler metal is form by diffusion during the heat treatment.
Example: Alumina/Cu, Metallized ceramic with a Silver layer, Cu with Silver layer

il J&

Porosities—

CAS June 2024 35



CE/RW Vacuum Brazing of large quantities
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Vacuum brazing (and vacuum furnaces) are adapted to produce large quantities of
similar pieces. Not common at CERN, but

Hundreds of Cu/Stainless
steel junctions 18000 brazing for the thermal links

23 km of HTS tapes vacuum
soldered in stacks

CAS June 2024 36
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