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Progress in Application of Metallic Beryllium
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Abstract. This paper mainly reviews the up-to-date progress of metallic beryllium applications in nuclear reactors, iner-
tial navigation system, optics, thermotics, structure parts, high-energy physics and typical commercial use in the recent
20 years, as well as gives brief introduction that excellent performances of metallic beryllium play an important role in pro-
moting technology development of its application field and improving product performance and quality. Based on the range
and effect of metallic beryllium application, the paper details that metallic beryllium as key strategic engineering material
has given strong support to national defense, aerospace and strategic nuclear energy development. Moreover, the paper
briefly introduces status of metallic beryllium applications in China, and points out that China should greatly improve the
level of beryllium application in inertial navigation system and the infrared optical system, so as to enhance China’s space
fighting and confrontations ability. Finally, the paper summarizes pattern of metallic beryllium market. It can be expected
that metallic beryllium market is still defense, aerospace and strategic nuclear, and metallic beryllium will consistently
play an important role in civil industry in future.
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2.1 £IJE Be EiZBEFHIN A

@ Be IR TER o5, HA A &R ok
A R T B (6. 1ham) , H. Be JEF R it /), fE
REAR b 3 BE AR th - Re e, ARG I b S S
BHHBEGN . Be h FIERZ TP RIS 5 BE/D (1. 666 MeV) ,
TERERRL T (P 7. BT y IO MRET, RAES B
o T, AT RUAT Be SRR TR L AR A,
Be % FEAIK (1. 842 g/em’ ) | X 75 5% AR AL/ i 42t 1Y
JCNIHE, Be J& 1 EHH},

Be MRZ B HG T M), JFAE 20 fiE22 50 4RAU0R
R THORR &R, 2 1 /N TUAZ 8l )y RO o
1956 4¢, £ 7 A& 5L 2l 5 A B AT BlUR & TR
Bl Meterion 2 7] ) Fil £ 35 3 ( Kawecki Chemical Co. )
MR AFEL S EM G, BOREFEEEETA 451
S8 Be, BT ERBL S A TR FEI 22 (Jupiter Ley
Moons Orbiter, JIMO) 3% 4% Jz o HE {8 | T Be 40 {4, Be
LR AR Hy 3% 5T BT L B 07 5] 5K 52 56 % (LANL) 588,
Tiit4: JE@ Be b 23 FAE 3¢ [ 3t %) #3809 7 Bk 4% B
HEF o

A KRB 5 OFRIHLA ) IF & T T BR 4
SR ATASI PR S HE BT T S IR AL — A AR
$220 mm, F}ME $420 mm, 5 240 mm [ 55 3 5 R LR
Ui A, 3k 60 A Be ARAF . [ T AR R L 6 ey A iR
B HE, I Be MR, LAl 230 B & Be 4
P2 X Be 411F R i PGAUH A 42 bR IS B4t

FE7L 5 7E B A% )7 W HE ( Tokamak Fusion Reactor,
TFR) , AR AR, J& AR ok o Be I8 & e i H b
Z—o Be Br T HAM ML, Be i1 4K,
X 4 B AR I RIS g, X O SRS I RIS
P& m 7B AR AR, T H Be tL A U] W11k 2%
TSR RT, Hoph i A w2, Wik, K25 TFR
EFE T Be F 2 o0 S5 85 1 UK (1 Y BE RS ORL, DA 1988 4
i, Be BRI (CFC) FIT BRUNIR 5 R AL I
i #E (Joint European Torus reactor, JET) , 3= % F ff 1 Xt

R TARNBER Be ILFIZEIRAY, & 1 Y&
3470, 1R 2006 ~ 2007 AL 4 YR A5 BT 1A Py RE
A Be Mz (4.4 ) [ bR % 3R AR R 56 SR HE 5 H
(International Thermonuclear Experimental reactor, ITER)
JE A ERAUEL R R | R ) B O ) R R A AL RE TR T H
HAAB TR Be AT 13 1 &8 Be'™, X2 Be
FL3 5l i 56 [ S65C, 1 [# CN - GO1, % iy TGP -
S6FW #E Be A1 4F

B RRMIBAT IR T 2006 ~ 2007 4155 4 YCH i Be [RGB
Fig. 1 Photo of beryllium bush of JET replaced 4th time in 2006 ~
20074

26 8 B K &5k %% B (National Ignition Facility, NIF)
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47 5 3 K S B A e
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PR A RS . FRIE Be - Sh R
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20 2 60 AEAX, 5 [ AET JRHE S BT S A
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BEURASL G8 (191 147 e e e i) i) i 5 81 1 28 000 B0 MK
ARLAG , Be 1EKS 2 S ALACRMBIMEE & 338 1772
PO, R ) e 7 6 R T s 8 A R ZE
RHLAE ARG RN ERAA TR AL, SEE K
J144 (Titan) |, &S ( Minuteman) . I3 T+ ( Peacekeep-
er) B HE MG G5, AU AR (Polaris) | i it (Poseidon ) |
=K (Trident) 56 S S5, F — 15, F - 22 f3RAL
S5 Y PR BRZE AR AT B 25 ) Be 1R

1978 43 o 5 /K 2> ) 58 B i v B AR 5 A0 A I
(ESGN) BEHL( RIS AN/WSN -3), R ¢10 mm 3£
O Be B 7 o iz BEIR IR EAR A 1979 ARG A T8
] = SRR SO S AL T AE AR AE R 9 (La Fayette Class )
FLIHE, 1985 AETF 53 45 Yok BUAZ I AR UK TV fiE . B
=52 [RIEENEHNLAN F - 111 FRIB 5% 3 2 KEHL 3 %5 SPN/
GEANS S RE (E MBS AN/ASN - 136 £ 5)
S5 A M AL T [ MG 3 15 2 1 3 580 R 58 9 00 i X M 1R
FERRW/N o L R 58248 JE 35 /K (Honeywell ) 24 ]
M $38 mm %30 Be #e 7l /F, £~ $38 mm =50 Be B
TH 10 go 20 {42 80 4RAX, 2% A GE ek BN K A 15
W& & 48 GEO/SPIN, J7 iz I T . R, = K H
RS S

20 a2 90 AEA R, SEEIJTAG T i AL A 5 0 R
FE 1 ( Minuteman IIT) i 3 fi% & 5 58 = X3k 1T ( Trident
I ik H, Be il RE LU HBGHEMEHZ —,
OB A E A RIS I S R R, BB A T
R SR Y 2 BR JE AE D S 3
ek 18 4 2 % 3R ( Advanced Inertial Reference Sphere,
AIRS) , ATIF)E JE&7R H — A PR RUIEE 1, %3k 2
FEFH T9 kg4xJm@ Be' 1,

B2 P TU 538 Be il Seb Btk 22 sk
Fig. 2 Photo of beryllium advanced inertial reference
sphere used in peacekeeper, AIRS opened to

show a gyroscope and accelerometer! ®]

e 35 E E X5 MY 1 & 4t ( National Missile Defense,
NMD) H, )& Be Bi 1 U PE &% 18, & 90 TR 2 9
B, AN LR KA T RGP AR A . BRI
( Groud-Based Interceptor, GBI) & 4t i B 5K 19 i Sl BE 14t
ZOREH] Be a5 Be - Al 5420 SMRTUZME A E (Exoat-
mospheric Kill Vehicle, EKV) i1 ] Be il 1 il & B Fl o 2%
R,

Be 5L FE SR AL BRI i 22 246 1 . B DA S92 B
ST, AT LIRS A I R Oy, W T E DR TR
P g E B T B( Gravity Probe B Satellite )
ST 4 4 Be il Z %5, FRKS o0 BT ) 5,
2T HIRAE I 2 DR S IR T SRR .

20 22 90 4EAH), Fe T W] 4: Be 4544
JEWFFREIRAL, DLIET 3a, [ 3b 2 HARSr Be A4, ¢
SRS Y T2 R RE R b T mA B [ B [ 28 S ik B Y
K I T TR PR RS L R B AR ASURIIRO B FE 1R
AR REEEH T Be AF, [ BERR ALY T TR B2
KRR T . (BAEWPE ARG H, Be M98 I 1%
ARAGHET, ATUABULTFBAR BN T3 E
AT A I AE AL FEBE AL RS, Be AYNLH]
HET R E 2474 20 ~ 30 48 1, W K5 [ Ah 22 R
RCRLBR , B R 3 E ABE S ATBAR 7 J5 T 5 [ A I3 1B
MR Z—" R, 3R E B AR A 2 ok
B, W RGN, R A, IS IR R R
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RGUHIM A AL 0] Be 95272 . Be M 7EBUE T 0T &R 48
S TR R, a4 0 R B S E AR 1Y i 2 i
T, % TR ol & J R 3 B i e VR

B3 [ 4 Be T FE SR AL (a) FIER 2 Be E A (b)
T
Fig. 3 Photos of domestic all beryllium hydro — static bearing

gyroscope (a) and a part of beryllium elements (b) [®)
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BIRATAROUE RS . BRI G L SR PLEE L
ARG v S i RGEAT B T W o 7E X 2
I, Be fETEJEME—REGS N 2 MEREZR YA KL, Be YOG
FHEMMHE R, L1990 47, [ Materion 23w, 4l
e T AT OcE P E 4 s MR Y 650 4> Be 51 B R
HIHIAE, RS2 T S5 M1A2 35 58 F 250 ek = 1
K -1 3 i H 5e 5 6 R G0 280  Be BiBIRAGIT 4L,
& 4 JpIa it it RGH Be ik, Be W T F-15, F
-16, F-22, F - 35 FIHc & §7 5 ik 3 L ( Joint Strike
Fighter, JSF) 45 AL _F W EAG B gy =1

P4 SH ST RGO Y Be B B
Fig. 4  Photo of beryllium mirror blank used in shooting

system of the tank!'®]

B 5 2L ZE OH - 58D WT%E B FHHLME T I o 2
Be G EAE, BOG. HLULRIZT A0 G RS #8227 X
JeELE B %0 A B 2.7 kg, {HRIPER) Be
RERA SO T RHL DR B AT = A R 3, (3% TR
WSERL, R TR AR, B T H AR R A
WERG TSV, HIPLEXA R T 2%,
ROVt 72 A B 2 RAT AR R I H AR . 5 A 7 ZE A
ity OH — 58D B EFHHL, 24k Be 1260 kg™, 7

F—15E 45 RHL B2 A PR 2 Lantion” (T8 [0 £ %
AR S SRR S5 B ER H AR 0255 R LA
RGP T Be, WULIEDITIZAL, MCHILRETER
SR BN i BN TR s, I BL800 km/h 1 JE
AT

FEME W, PR Bk R 2 i B TR —
WE KRB R T, 20 E 2 600 kg, HZ 1 Be 5
AP FE DA . DR T R W, 47
min X ERFR 1 — U, 4 B 2H AR AT DATE B BY
6 [ AR e v AR TR 1 S St

5 OH -58D fii % 1 FHHLMEFF Al Be fhil g L e B A 12
Fig. 5 Photo of beryllium optical bench for supporting the mast

aiming device on the OH —58D scout helicopter' "]

TER G, Be HMIEE . 125 I B AE IR AN
LURPAHE R, TELLANRSCR I i B
WARH ok, XA WAR K, 4038 B b BRI T2
( Earth Observation Satellite, EOS) f#i F] T Be H#i4%, H
GRMETE RN ISR Sk 8 5 43 P % 4 9 11 ( Advanced Very
High Resolution Radiometer, AVHRR) {ii F (14 321 4 5 A1 55
TREE Y 42 )8 Be A

BRIT, SRR R (NASA) il & i 25 45 =6 1A
Kas B 4% ( James Webb Space Telescope’ s Mirror,
JWST) , B2 A0 £l (Hubble ) i35 — UK 25 BT i
TEEBM B ek b, Be (LMW B, LML, H0Ot
TZPERE, FEAJE Be A LAIZEAR T 30 K ik B T LA,
e M T AR Z AR (5 Be 384 i £ 2
ULE ., Zerodur) , J§ A &40 =5 1A R 25 B I 45 19 £ 5
B AR Hin AL T 18 Hext M AR A
1.52 m {7X0JE Be 45, 1816 5& NASA Ui 6 Bk Be 4t
JCIIRIR PR RE I B o SRR 5 P R 5 B 4 1 £ A1 BR
FPLEEE W T Be filfE ™2 5340, I F ok %
PRIt E BARIIG R, (A Be 45, Fim HA6.2 1,
MG —F, WM EFERSTH 2.5 m, MEE
ULE, R R 11 t,

I Be FEC M T AL LA . W TR ML
SRR B, BUE 2004 A, PYALRE A 4 ORHIE ST B 2
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F16  NASA JI IR 7S B 5 6 B Be B7 4150 19 1% i 1
REBI LS IE
Fig. 6 Photo of cryogenic properties testing in scene by

NASA for six beryllium mirror used in the James

Webb Space Telescope 1)

AN BEREMET 6 3t Be T 4, WWIFE LA
FI BN 5 KA DRI 24 T Be XUEIFIHI5E 7 HLF0 Be
HFR 5 8 B, B H T 20 K& m#H B A E1T
1T Be 5545 R = bt Be F L% L 2004 4E L)
J5, PEALHRA 4B BRI IE B A S it ST R LR
PR T 28 Be AL BRI, BT RV
HE BRI N 2Y — 1 TUEHIVER Be RUR 15

B 7 PR A SR FORMIF S B A 7 0 Z2Y ~ 1 TLE Be
XT3 48 B 14 B

Fig. 7 Photo of beryllium double — sided scaning mirror

used in ZY — 1 satellite and produced by North-

west Rare Metal Materials Research Institute

5 ESMHEL, KE Be SiAELLAMES: RGN B H
B, HAEPER SR, 7674 S0k i AR 3R 0L AT,
PRl e e . EOL. Mige . iR TR, TRHLE AR A
Wyt RGP BA RGN, X AR AR T2 [ 5 4
JIRE R NI, R AURE IR Be £E KT #OES R
GBI AR, LK Ty i [ 2 [ 4 25 A3 e fig
2.4 £E BefEARITREMMBHIER

Be WAL, FPERIR R (303 GPa), REREAL {1 5
H/RBUA R LA, FFORIESH7F A RBR
S IEHR", A Be WIEE T, 2 AT L SCTS AR 0T AR E

o {1 Be By 5t, fEMuIA LA AEVEEEAGIEA SIS, &
BRI HAEAT S R G 2 1L 1995 4F 5% [1 X JLAf
BEREPAA AR A i — R 23 S I A 0 AR (ORI AR +
BAERA) M HE ™, T LU B, B Be IEF
AR, A0 Be AR, RIMIRAMK, FZH Be i
MR ZE T A L EM MR 2 . ik, H A
Be L5 O BIVERE, ] Be £ 0 2544 TR0 BT oK 19
fEAL R E R Ti5b, K2R RS P T AR I AR AL
THRLITARZS, X4 BE 2R, Be 185 I 1 7
X — 2K
K1 NHHREEE—ASTHNRER AR LR

Table 1 Comparison on orbit cost of different candidate

materials 2
Cost element 6061 T6Al Ti6A14V Be 304SST
Part cost/ $ 3 500 14 500 30 500 9 500

Weight of part/1b 80. 55 79.3 11. 4 71.5

Cost to launch/ $ 805 500 793 000 114 000 775 000

Total on orbit cost/ § 809 000 807 500 144 500 784 500

1960 4ELIK, EEEZM ATE T T Be il
ARSI E AR, R CHL LN A Be {444 445
EZENEFA Be M RIPER 2125 CITHEMZOR,
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FSEHT, LR PUE AT A2 B R XA M 58, Ak B
BIOBETT, A RHLER A USRI S . AR SR
PRI T 22 Tl o g 5 42 S i ) Sk [
Tl e ek, RITFER 48 Be £9 181 (5 4F4EH
Jad) U 3 E T A PG 8 L 4RI 2 ( Cassini Orbit-
er) Fl K 2187 % (Mars Rovers ) 9~ K 28 1 H H ol T Uk
B, WOREES )R Be 34,

TEF [, Be fF N ALES LK G540 1H 18 51 1 3558 BT,
HIRE KW LIRIN N Be ZAM IS 53, %A % &5 1
Be HI/EZ A4 T KR B FEAR R BT A, Bl 5 IR 3%
TR G, T3S WATR A R AT . AR EAR . AT
W, WATHEMG, DARMmMGRESETA, Fit, R
VA H Be FISES MR R o
2.5 B Be TEHFIHAIR A

Be M LL#H 1. 926 kl/kg - K(20 C), A L&E
PR K, AR 216 W/m - K(25 C), 5HJi
AR R E SRR, SPPERE, HE (1285 °C)
W A E i . Bk, Be 7 #A SR IRAT T it
A

Be (2R E B Wi — R FI ] Be WA
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ARSI T AR A5 o 56 2 RANVHBORIERE, B RETE
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Be #f SR -200, HHij, & 4L 1Y SR - 200 #-°% %% Be
MR 28 W AR ZE T i - RIS L R GEAE O &2 g IR S 2
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2.6 %8 Be ERAEMEFTIHMA A
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TorEE . LAt i, B Be i A 41 7] 25 o o 4% RO
/0 DR R BT L HAT, R4S A
REVI B2 AOT T St g =, g bR dom s/ 1 LT 4
BRHH Be Rl Be-Al 543, AN{E[E [R5 3 4% ( Deut-
sches Elektronen Synchrotron, DESY) , Kk # F W 5%
> (European Organization for Nuclear Research, CERN) k
58 1~ X i #1 ( Large Hadron Collider, LHC) , & [E GE &
FR A T S B R TR, 5256 & ( Brookhaven National labo-
ratory ) A X} 18 H 2 T % & #L ( Relativity Heavy Ion Colli-
der, RHIC) &%,

A6 5CE G XHE AL O T R P AR A 6
JE BB 5T Be BF 1 40 vl BE Be A, 1% BE R
0.6 mm, {300 mm, WA, SEH T K E Be #7E i fiE
B2 0 AT e s

8 PHALHA B AR T Be 2k 7 B9 T AL R IE L 1%
AL AR RS THERE Be 45 AT

Fig. 8 Photo of thin-wall beryllium beam pipe used in spectrome-

ter I1I in Beijing Electron-Positron Collider and produced

by Northwest Rare Metal Materials Research Institute!”)
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Be X X 4R LT 2 2iEL N, H Be HlH OA S
PR, WoE X SR E N/ S8 T Z MR, X
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BEyT S LR B B EAT y X PR DR AT Bk, H
FEBA IR —Fh A BHRES K Be, A0 X GFE BAHAR |
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TRAE . Tl X SRR XOURTH . X st
I3, AT XA AT TR SR

Be d5c 80 9 15 M 17 FH & e 25047 75 A0 1 W) R A6
VR FAELE A 3 VR L, Be bk A7 F Bk BT 41 4 if 22
PO o M7 7 g i Pk 3l IR el Ti 4R Bk il Be HR 155
e A B JEUR 9 23 kHz SE {1 %8 40 kHz, A5 i 2
B, XREMAR AT, IR KRB E A E, AR
sy ( Yamaha) | 5o4% ( Pioneer) 25, F.fE 20 42 70 4
T LE G Be H1E P @RI, (H i1 T Be #RIEHI 1
%, R HIESOIT . HE 2003 4, 3% [ H)R
(JMLAB) 5 Be #ARHIER B —2 G54, A %48 1 Be 4
WA T2 BUAE, Be SR W T 4% R & Wi 2 W) i
7 b b, AT AT Be JR SR & — N IETEA WY K
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iz LT AL & & 800, WA &R Be, HIL
PR IR R MO . SR . MRS R, Mg &
SRR 0. 001% (g Be, L3 JC B #215200 €122
16 Ti 64l Be SR AR BB ATALAL, A 0.05%
(BR800 Be, LREFF Ti 85 10 4 SoRLEE LA ROK
AAEEILA-foR ™ .

FoE Be Myl EZE P X HFLE 0 b, ik
JUAE, PYACHE AT 4 8 A4 RHIF 58 e IT R WF ] Be Ji 2l v 15
P, HHTIELESS S e T .

3 &JE Be WM ATMIZHEE

FEERKR Be 117, TR TEHT R Be
Tl fA . Be /E N ARER IO SIRE RSSO BERL, )2
TFIEB A2 R G RETS IS AY B A% B LA B LR G
ARSI, I 3R RS AR R R R R T e
9 S BEAE Y 1991 4F 3 [ T I 9 A0 2 A K 45
Y Be Ay 57 ¢ B IRAEHE I ILAER, 48 Be 1Y
FHR R D, — E4ERREAH4E 10 ~20 v 2], 3T JLAE
HEr BT, 2010 4525 45 ©, B2 R SRHET K SF, 2011
AEL) 33 (I R ) B 2 [ Materion 43 R 2
M F AR Be ZEAHIRE] R, AHS Be g LabF
ZEWTHLAY , %A B ITER 31 H Be FUAY EEHLHRT.

TERT IR IL T A 14 8 Be 0 T F 45K, 1
53R E MY, 1991 4E 250 45 17, 2001 4F % B
JSC. TVEL /3wl 1 e 52 28 e i Jy =X, 3R A9 1 i o5 e i
—M 48 Be &7 F 5 /REG 4] (Ulba Metallurgical
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Plant, UMP) 2 34% (B 6y, &R LR 4T H AT A2 T8
BESCHTEE AR 3 H R Be i I A KA IR T35
[0 MR T ITER 19 H Be LRGSR — .

i LA 4R Be 92k RE y, (HT R, HOBT
TEAERERAE. Be Bif X JLE O L. WALFA 4
JB BRI IS B 7% [ ME— 9 Be b1 2E 72 AR S s, G
7 R B P E T AR, % Bt ITER I H Be
LR R 2 —

W v AEAETERRE Z A H AR B4 Be (14 7R RE
Sy, HXSEEZ RS Be FEMNHE, BT H %
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