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The modernity of the problem

Vacuum tight metal/ceramic joints are widely using in particle accelerators as import
connections; especially for Ultra High Vacuum (UHV) systems, RF systems, -eleginetic
systemspeamlinesas Insulatorsteedthroughs windows, vacuum chambers, etc.;

There are many technologies for ceramic to metal vacuum tight connections (brazing
welding, soldering, etc.)Theexistingtechnological processes have many disadvantages &
unsolved problems. Especially some lows and equations were received based combina
of experementalnd theoretical calculations and experiments. Some fundamental (chem
and mechanical) processes totally non described yet for ceramic to metals bonding. The
are many non standard and new metal/ceramic joints in charged particle accelerators.

Design and fabrication of new reliable and effective vacuum tight metal/ceramic joint
and developing new and improving existing bonding technologies for vacuum systems a
modern taskgproblems



The objectives of this work

- Review of physical and mechanical characteristics of ceramics and metals for vacuum
metal/ceramic joints;

- Review of existing technologies for ceramic to metals connections (Brazing, welding,
sealing, gluing, etc.);

- Experimental activity metallization and brazing of ceramics to metals;

- Design of vacuum tight ceramic to metal joints;

- Mechanical simulation of ceramic to metal joints;

- Investigation of pressure receiving and spreading on materials surfaces during brazing
process.



Chapter 1. Review Chapter.

1.1.Materials for vacuum tight ceramic/metal joints.

Main requirements Soldersand materialswettability
- Lowoutgassingate,

- Thermalshockresistance

- Low material penetration, o

- High mechanical strength, A

- Highweldabilityand brazability

- Highmachinability Materialsstructures- Homogeneity

- Reliableduringlongtime,

- Repeatabilityand Dimentionalstability,

- Eappropriate electromechanicatharacteristics
- Absorbcionand desorbcioncharacteristics

- Surface oxidation characteristics,

- Corrosion resistance,

- Metallization characteristics.

™

Without dislocationscontentinhomogeneities
cracksinnerimpurities etc.

Oxide Layer 3

Oxide Layer 2
Oxide Layer 1
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Main Properties of Vacuum Materials

Unit Alumina Al203 BeO Steatite Cu | Ag \W Mo | Mn | Ni Si Al Ti
> 99.% 95%
Density glcmg 3.9 3.95 3.01 2.75 8,92 10.49 19.25 10.28 7.21 8.9 2.3 2.70 4.506
AtomICWEIth (AMU) 63.5 107.8 183.84 95.94 54.93 58.69 28 27 47.9
Melting point 0C 2072 2,507 1083 | 961 | 3422 | 2623 | 1246 | 1455 | 1414 | 660.32| 1668
Thermal W/(m*K) | 200G34.9 | 32 330 1.53.0 401 | 429 | 173 | 138 7.81 | 909 | 149 [ 237 21.9
conductavity
Thermal 10-6/ K 7.3 7,8 9.0 7-10 106 165 | 189 [ 45 |48 (217 | 134 | 26 | 231 | 86
expansion 20-500eC- 10-7/ K 25¢C 25 | B | g5c | B | 25¢C [ B | o5 | p5c | 25C
Specific heat J/ (kg *K) | 20aC-900 1020
Tensile strength | MPa 306 68,9 434
., 2dzy3Q& |Y@PRdz dzf 380 460 400 UG |83 | 411 |39 | 108 | 200 | EE | 70 116
Compressive MPa 3500 1900 2800 551,58 7000
Strength
Yield strength MPa 200
600
Hardness Vickers 13000 gggﬁ 251 [ 3430 ;‘7‘28@ 638 160g 830¢
Hardness 2600 35013420
MPa
Average Size of Crystallites >m 10
>m
Dielectric Loss Tangent 30-40 GHz 0.006 0.0014
20*104 @ 10 IMHZ
GHz
Magnetic ordering Nonmagnetic Non Non diama diama param param param ferro diama Parama Parama
magnetic magnetic gnetic gnetic agneti agneti agneti magn gnetic gnetic gnetic
¢ ¢ ¢ etic
Typical Color ivory white gray reddsn e [ siver | silver
ter colored | color
green



https://en.wikipedia.org/wiki/Metallic_color

AustaniticStainless Steels

ANSGrade | Cmax | Simax | Mn max Smax | Pmax Ni Cr MO max N max Curie Temperatu IE
316 0.08 1.0 2.0 0.045 [ 0.03 | 10.014.0 | 16.018.0 | 2.0-3.0 - Material | Temp. K
316L 0.03 1.0 2.0 0.045 0.03 10.014.0 16.0-18.0 1.2- - Iron (Fe) 1043

2.75

316LN | 0.03 1.0 2.0 0.045 | 0.03 | 105145 | 16,5185 | 2.03.0 | 0.120.22 Cobalt (Co) | 1400
310S 0.08 1.2 2.0 0.045 0.03 19.0-22.0 24.0-26.0 - - Nickel (Ni) 627
304 0.08 1.0 2.0 0.045 0.03 8.0-10.5 18.0 - -
304N 0.08 1.0 2.0 0.045 0.03 8.0-10.5 18.0-20.0 - 0.1-0.16

Temperature (°C) .
Solders S e Phase Diagra
1gulc
Solder M.P.0OC| Sn Zn In Ag Pd | Cu
t | £ Odza Al £850m n 585 | 10 | 31.5
t I £ Odza A|t8t4p 685 | 5 26.5
Fes;C + liquid
Cusit 780 72 28 austenite
Incusil10 730 10 63 27 1 / . FesC
Cusiltin 718 10 60 30 +ledeburite © + ledeburite | cementite
FegC
L 5 6651 725 25.85 45 30.5
L 185 e s e
+ ledeburite .+ ledeburite
+ pearlite :
Kovarcontant%o
Percent
} ] . | » Carbon
Fe NI Co C Si Mn 0 2 L 6 (by mass)
pearlite ledeburite
. <0. ; ; . .
53.49 | 29 | 17 | <0.01 | 0.2 | 0.3 toutectoid)  (eutectio




Relative lenght change in mm/m
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Thermal expansion of metals compared with AI203 ceramic
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TEMPERATURE DEGREES CENTIGRADE
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1.2. ExistingTechnologiedor ceramicto metal bonding

1. Moly ManganeseMetallization

2. thin-film metallization process

Al203Ceramic Al203Ceramic
Ceramic Ceramic
v v
Mo-Mn Paint
PVDPIatingg Ti, Zr, Hf
Ceramic
7 Ceramic
Sinter 1450QVet H2 atmosphere v
Ceramic Au, Pdor Ptplating
v e
Ni Platein
Ceramic
Ceramic \
v Brazingwith solder

Brazingwith solder

Ceramic

Ceramic

3. DiffusionWelding

[
_ P
o

Heating

4. Activebrazing

ActivebrazingSolder

5. Gluing

Gluing

6. MechanicaFixation




Moly-ManganeseéMetallization

Ceramic - Type Metallization Past Concentration %
Cearmaic Steatit, K-1 Mo : Fe 9% : 2
Ceramic Forsterit, @C-5/, AD- Mo : Mn 96 : 4
555 Mo : TiH, : Al,O, 63.8-74,0.8-6.1
Alumina silicate ceramic WC : TiC : Fe 60:10: 20
Mo 100
Mo : Mn &0 : 20
22X, 22XC Mo : Mn : Si 80:20 (+5)
Mo : Mn : TiH, &80 :20: 10
Mn : Mo,B; Mo 20 :10-15 :70-65
Alurmina WK Mo ; Mn : MoB 62.5:20:17.5
Mo : Mn : Mo5i, 77 :20:3
Mo ; Mn @ C-48 75:20:5
Bl-4 Mo : Mn : 5i 75-78:20:5-3
A-995 Mo :Mn : Mo,B. :BA-22 | 74:15:5:6
Sapphirite Mo : Mn : V,0, 75:20:5
Policore Mo : Mn : Si 80 :20: (+5)
Monocrystal sapphire Mo : Mn : Mo,B.: : BB22 74:15:5:6
Rubine Mo :glass CT-1 70 :30
Beryllium ceramic Mo : Mn : Si 80:20:(+5%) Revie

w Part



Metallizationprocess

Coating type Temperature duration Cooling speed Environment
0C OC/min
Mn, Mo (22X, 22XC, A- 1270—-1400 20 -40 5-10 N,:H,=2:1
995, M-7) N,:H,=3:1
dew point
+15 - +25°C
Mo, Mn, Si 1280—-1320 40 Cooling -4.2 N,:H,=3:1
dew point
+15 - +25°C

Review Par




ChemicaNickelPlating

Nickel chlorideg 459/ Beforenickelplating - preparationin chemical

Ammonium chloride; 50 g/l liquid and blowing deionizedwater at 98 0C
Sodium citrateg 45g/

Sodium hypophosphite 20g/l
Ammonia water25%c¢ 509/
pHIeveIc 8.0-8.5

ahwbhE

GalvanidNickelPlating

Plate a electrolyte %_ Current Time min Anode Electrolit
. % Density a/dm2 material temperature
S @ £ | Components Composition B
= = < /l Q£
— o & g w
Galvanic 3'6 Sulfuric acid nickel 200250 5.25.8 0.51.0 10-20 Ni 18-25
nickel Magnesiumsulphate 17-25
. boric acid 10-20
plating lemon acid 2
Sodium chloride noYmpyn
Sodium citrate 45
Galvanic 8_12 Sulfuric acid nickel 220 4555 3 1530 Ni NPAL 18-25
nickel Magnesiumsulphate 85
. Sodiumsulphate 85
plating Nickel chloride 10
boric acid 30

Review Par



1.3. Testof Cerami¢Metal Joints

- Thermal tests;

- Vacuum tightness tests;

- Mechanical Tests;

- Vibration tests;

- Qutgassing tests;

- Electremechanical tests

- Humidity tests;

- Roughness measurement;
- Hardness measurement;
- rotation test.

Universal testing machine

Review Par



Chapter2. Materials Selection LaboratoryEquipment Technologies

2.1. Materials Selection M e

:

a - Al0s
Purity wit-%% =995
Density alem® = 3.90
Open Porosity vol.-9% (0]
Average Size of Crystallites i 10
Bending Strength o, DI EN 8431 MPa 350
Weibulls Modulus - =10
Toughness K. SEVMNEB MPa * m°°® 3.6
Compressive Strength MPa 3500
Young's Modulus static SPa 380
Poisson's Ratio - 022
Hardness Knoop, 100 g GPa 23
M aximum Service Temperature in Air C 1950
Linear Coefficient of Expansion -100 - 20 °C 10°° / K 36
20 - 500 °C 100% /1 K 7.3
20 - 1000°C 10°° 7 K 8.2
Specific Heat 20 °C J f(kg * K) 900
Thermal Conductivity 20 °C WS m T KD 34 .9
1000 °C WV F KD 6.8
1500 °C WS T KD 5.3
Resistivity 20 °C O *cm 10"
1000 °C 0 *cm 107
Dielectric Strength 20 °C KW S mm = 30
Relative Permittivity TO MH= - 10
180 MH= - 9.9
30 - 40 GH=z - 9.8
Dielectric Loss Tangent TO MH= - 270 *107F
180 MH=z - 150 *107%
30 - 40 GHz - 20 *107*
Typical Colour - ivory
KovarNi-CoFe
Kovarcontant% Titanium- Ti
Fe Ni Co C Mn
53.49 | 29 17 <0.01 | 02| 03




2.2.Laboratoryequipment




2.3.Methods.



Chapter 3. New Diffusion Brazing methods.

3.1. New Diffusion Brazing Method for Dissimilar Details with Difficult Geometry.

New Diffusion Brazing Method
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N, St e s
\

!
i! i > "

Ersnuusre

Ne 2883 A

I TN TP RN TR P
dapmeyfnp alufsnlpauimip puh gradml e myyndip
PPN iyl gty
Puaq bpgpupupuark db mibiges sspwats phimbta)
phbeqaphl gapuwt hatay

o\’

DUIEERRERRRRRT RN =

Wl RS wprgeniongap

L L L T L I T
lmagnd

SEUFLENOWEE ) s DAl Udagat <atstl daaty el

dinsk » A0 1)
PRIBIEE Diffusion brazing methods of difficult geometry dissimilar details.
) woa) onsslo g & AN

Patent number - AM201453
Vardan Shavarsh Avagyan, Vahagn Vanik Vardanyan

Intellectual Property Agency of the Republic of Armenia

R A
geadrtaruries SiMe

g\ P Gui g gemdmgmammilin rsnmddund * Jacimnapnnbd Ssshmumgd ol see ewmadpand |

¥




Experimental results

Side 3¢ 10-3Torr
Side b); atmospheric or 0.5atm pressure.




3.2.Brazing method with heating and pressure combination.

1. Ceramic
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4. Molybdenumwire,
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3.3. Pressure receiving based molybdenum sheet.

N E

Ceramic,

Sheet Fixing Parts,
Molybdenum Sheet,
metal




Chapter4. Designof VacuumTight Metal/ CeramicJoints Experiments Simulations

4.1. Metallization of Ceramics
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1.60E-01 -
1.40E-01
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8.00E-O2
&.00E-O2
4.00E-D02

2.00E-02

O.00E+QD




Mn-Mo metallization on Ceramic Surface
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Temperature °C

Mo-Mn pleting on F99.7CeramicSurface

Weight Percent Manganese

20 a0 40 50 80 0 B0 90 100
4 St S A I
{Mo) + G
20200¢
) | 2082°C B.P.
2000 - 5
L
S (Mo) 1500+200°C i
F. ill
' 14002100°C S I
¢! -
/‘i & l (M {(6Mn) :124513
p v yMn - 1138
" T Tog0RisC e {AMn) s
] P T I [
1000 - gl ‘n ﬁ -
- E| I 11 H\
= | - T
i \_‘ o
A . {aNn)
L 3 T
1ot T I
L "
5[]“ | | 1 | 1 I : | I ] I -
0 10 20 a0 40 50 a0 70 B0 i) 100

Mo Atomic Percent Manganese Mn



Metallized Alumina




4.3. Silver Soldering Max 670
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Chapter 5Designof VacuumTight Metal/ Ceramicloints Experiments Simulations

‘ 5.1. RF Window ($and, Cband, etc.)

Sealing
Section view of RF Window Zone

3D Model of RF Window
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Viton - specificfluoroelastomerpolymer,
Working Temperature-20cC" © 8@, 11 N
Outgassin@gpprox. ... 1 x 1@

(strongly depending on treatment)

Metal ¢ 1; /
Metal ¢ 2;

Viton or Teflon (sealing); 2 3
Ceramic.
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Sealing with Combination ¢felicoflexand metals
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1. Metalc1; N =\
2. Metal-2; T '
3. Helicoflex
4. Metal seal;
5. Ceramic. Helicoflexdictung
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Sealing Ceramic to Metals with Metals 4
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- Metal-1: 3 2

Metal-2:
Sealedmetal
Ceramic

Hwph e

Metals¢ Aluminum, Indium, Indium and SS combination, Aluminum and SS combinatior
Copper,Coperand SS combination, etc.



5.2. RF Windows Brazing
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Cearmi¢Copperjoint 200 C
Model anessien? Name 'Type Min Max
o st Stress1 VON: von Mises Stress 3.18545e+008 N/m"2 1.06379e+009 N/m"2
Node: 12342 Node: 29547
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Name Type Min Max Name Type Min Max
Strain1 ESTRN: Equivalent Strain 0.00124927 0.00464998 Displacement1 URES: Resultant Displacement 0 mm 0.037374 mm
Element: 6160 Element: 19615 Node: 1 Node: 31705
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FI0% type: v e and
Defermation scule: 1
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850 C

Name Type Min Max Name Type Min Max
Stress1 VON: von Mises Stress 1.5007e+009 N/m"2 5.01162e+009 N/m"2 Strain1 ESTRN: Equivalent Strain 0.00588543 0.0219066
Node: 12342 Node: 29547 Element: 6160 Element: 19615
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Assem2-Static 1-Displacement-Displacement1

Name Type Min Max
Displacement1 URES: Resultant Displacement 0 mm 0.176073 mm
Node: 1 Node: 31705
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Name Type Min Max
Displacement1 URES: Resultant Displacement 0 mm 0.227642 mm
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Name 'Type Min Max Name 'Type Min Max

Stress1 VON: von Mises Stress 1.85469e+008 N/m”2 4.35446e+009 N/m"2 Strain1 ESTRN: Equivalent Strain 0.000682616 0.0295849
Node: 32524 Node: 22697 Element: 21718 Element: 16696
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Copper
MolybdenumRing

Ce ramic Name Type Min Max
Displacementi URES: Resultant Displacement 0 mm 0.104844 mm
Node: 1 Node: 28442
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Name Type _ Min Max Name Type Min Max
Stress1 VON: von Mises Stress 16017.4 N/m"2 3.04621e+009 N/m"2 Strain1 ESTRN: Equivalent Strain 4.82597e-008 0.027085

Node: 20938 Node: 22168 Element: 1420 Element: 14483
vy rame B K Gerwn iy rame o

PIoR typa: 2w nodal s a1l
Oefermation scuie: 1
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o Mkl NmAY
Nbeher o0y

l 23900000
L 2500000

L Ak

L 230N
L07Tes 99
L520ee 00
L3630 00
L015e0 003
BT
SATTee0n
25090000
L602e000¢

hacy ewme SN KeDefwum|
Pl type: 2w strain Zand
Defarmation scale: 1

Assem2-Static 3-Strain-Strain1

BTN
Ote09)
l £0120.00)
L ssshe0n)
- 5300e.00)
. asetenh
L asttenn
e
12000

23830000
L164e.003

27840093
24350000
20640003

Ceramic

Copper

MolybdenumWire

850 C



Name
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Max

Displacement1

Node: 49

| URES: Resultant Displacement 0 mm

0.218824 mm
Node: 39858
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Name Type Min Max
Stress1 VON: von Mises Stress 1.77419e+008 N/m”2 5.01443e+009 N/m”2
Node: 52354 Node: 36848
Shody amecTaitc 46 Defuh)
PIos typac 220 nodal steens reaald
Oeformation stale: 1
won Mises WA

Assem2-Static 4-Stress-Stress1
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Name Type Min Max

Strain1 ESTRN: Equivalent Strain 0.000219472 0.0217822
Element: 30824 Element: 30042

Maodel nameAsien)

0y name Trat & Defaum.|

POt type: TR¢ strain Taind

Deformation stale: 1
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2000,

Pt type
Oefermation saale: 1

Assem3-Static 1-Displacement-Displacement1

Name Type Min Max
Displacement1 URES: Resultant Displacement 0 mm 0.124149 mm

Node: 22046 Node: 10702
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Name Type Min Max
Stresst VON: von Mises Stress 1.03002e+007 N/m"2 1.30373e+009 N/m"2
Node: 8442 Node: 38485
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ESTRN: Equivalent Strain
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8500,

Name Type Min Max Name Type Min Max
Stress1 VON: von Mises Stress 4.85253e+007 N/m”2 6.14199e+009 N/m”"2 Displacement1 URES: Resultant Displacement 0mm 0.584879 mm
Node: 8442 Node: 38485 Node: 22046 Node: 10702
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2000,

Name Type Min Max
Displacement1 URES: Resultant Displacement 0 mm 0.124158 mm
Node: 27826 Node: 11718
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Assem3-Static 2-Displacement-Displacement1
Name Type Min Max Name Type Min Max
Stress1 VON: von Mises Stress 7.89506e+006 N/m"2 1.42521e+009 N/m"2 Strain1 ESTRN: Equivalent Strain 1.13783e-005 0.0053454
Node: 26767 Node: 28265 Element: 11851 Element: 3359
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8500,
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Strain1

ESTRN: Equivalent Strain 5.36045e-005

Element: 11851
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Element: 3359
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VON: von Mises Stress
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Displacementi
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Resultant Displacement
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Node: 27826
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Model name:&ssem3

Study name:Static 2-Default-]

Plot type: Static nodal stress Stressl
Defarmation scale: 1

YWolume [Element/Geometric) = 10,99 %/ 14,55 %
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Name Type Min Max Name Type Min Max

Stress1 VON: von Mises Stress 1.20277e+007 N/m"2 1.53156e+009 N/m"2 Displacement1 URES: Resultant Displacement 0 mm 0.103004 mm
Node: 22607 Node: 16264 Node: 451 Node: 23203

Sny e e 1 etvins Ty e o 1 etun
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Type

Min
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Strain1

ESTRN: Equivalent Strain

5.41168e-005
Element: 16178

0.00340559
Element: 10260
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Name 'Type Min Max Name Type Min Max
Displacement1 URES: Resultant Displacement 0 mm 0.388341 mm Stress1 VON: von Mises Stress 5.39037e+007 N/m"2 5.56137e+009 N/m"2
Node: 494 Node: 35845 Node: 32241 Node: 13975
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Name

Type

Min

Max

Strain1

ESTRN: Equivalent Strain 0.000187349

Element: 23507

0.0123764
Element: 16576

Madel nameAsieml
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2000,

Name

Type Min

Max

Stress1

VON: von Mises Stress 1.90094e+007 N/m”"2
Node: 41862

6.32446e+009 N/m”2
Node: 444

Name Type Min Max
Displacement1 URES: Resultant Displacement 0 mm 0.768588 mm
Node: 241 Node: 25247
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Name Type Min Max
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ESTRNM
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won Mises (N/m#A2)
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Model hame:Asseml

Study name:Static 1[-Default-)

Plot type: Static nodal stress Stressl
Deformation scale: 1

8500,

von Mises [N/m*~2)

5.678e+009
5.205e+009
4,733e+009
4.260e+009
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3.315e+009
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7.571e+006



Model name:&sseml
Study name:Static 1[-Default-)
Plot type: Static strain Strainl
Deformation scale: 1

ESTRN

1.432e-002

1.313e-002
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Model name:Asseml

Study name:Static 1[-Default-)

Plot type: Static displacement Displacementl
Deformation scale: 1

URES [mm)

4.997e-001
4.581e-001
4.165e-001
3.748e-001
3.332e-001
2.915e-001
2.499e-001
2.082e-001
1.666e-001
1.249e-001
§.329e-002
4,165e-002

1.000e-030



4.4. Metalceramic bonding based on silicate adhesive.

Disadvantages
-Low mechanical strength,
-Low working temperature,
-Short lifetime,




OptimalBakeoutTemperature simulation.

1. Ceramic,
2. Kovar
3. Stainless steel.

Temgernsture (node| nMises Stress tensor [3D element]

Vo
Urts Celsius Unit: MPa
Fem L
nasn 650

0”s




VonMises Stress tensor [3D element]
Unit: MPa
Frin

VonMises Stress tensor [0 element]
Unit: MPa
Frin

650

Bakeouttemperature- 1340,



