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Materials for High-Pressure Apparatus
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In this article, various materials used for the fabrication of high-pressure apparatus are reviewed. Stresses working

on each part of the apparatus are considered and a guideline for the selection of suitable materials is given on the

basis of their mechanical and physical properties. Especially, the relation of the material strength to the generated

pressure is explained in the case of the piston-cylinder type high-pressure clamp cell. It is also emphasized that the

processing is important for the materials strength and the performance of high-pressure apparatus. In connection

with recent topics of the Ni-based Russian alloy (NiCrAl alloy) and MP35N, some of their materials properties are

introduced.

[mechanical and physical properties, stress-strain curve, tensile strength, piston-cylinder, processing, NiCrAl al-

loy, MP35N]
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Fig. 1 (a) Schemeof DAC. Arrows show stress states in each
part of DAC. Right: Cross section of gasket. (b) Stress states
in a piston-cylinder type pressure cell. Right: cross section of
cylinder.
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Fig. 2. Stress-strain curves of (a) BCC metals and (b) FCC
metals.
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Table 1. o, 0,0,

. and ¢ of various materials. See Fig.2 and text for symbols.

Materials Compositions treatment for Oy Outs €
(name of products) mass% (typical value) strengthening Oi\/g(;zy MPa %
Commericial iron 99.96 Fe annealing 98 196 60
Carbon and low-alloy steel Fe-0.45C-0.25Si-0.8Mn quenching & 727 828 22
(545C) tempering
High-strength structural steel Fe-0.12C-0.8Mn-1.0Ni-0.5Cr-0.4Mo quenching & 834 865 26
(HT80) tempering
Chromium-molybdenum steel | Fe-0.4C-0.7Mn-1.0Cr-0.25Mo quenching & 833 980 12
(SCM440) tempering
Nickel-chromium-molybdenum | Fe-0.40C-0.30Si-0.70Mn-1.85Ni-0.80Cr |quenching & 1471 1765 8
steel (SNCM439) -0.25Mo tempering
Steel for pressure vessel at low | Fe-0.05C-0.3Si-0.9Mn-9.0Ni quenching & 588 760 23
temperatures (SLIN590) tempering
Maraging steel (350class) Fe-17.5Ni-12.5C0-3.75Mo-1.8Ti-0.15Al |annealing & aging - 2403 10
Martensitic stainless steel Fe-0.15C-1.0Si-1.0Mn-12.5Cr quenching & 345 540 25
(SUS410) tempering
Ferritic stainless steel Fe-0.12C-0.758i-1.0Mn-17Cr annealing 205 450 22
(SUS430)
Austenitic srtainless steel Fe-0.08C-1.0Si-2.0Mn-9Ni-19Cr solution treatment 205 520 40
(SUS304)
Incoloy 800 (NCF800) Fe-32.5Ni-21Cr-0.4A1-0.4Ti annealing 205 520 30
Commercial nickel 99.99Ni annealing 58 335 28
Inconel 600(NCF600) 72Ni-15.5Cr-8Fe annealing 245 550 30
Hastelloy alloy X Ni-22Cr-9Mo-0.6W-18.5Fe-1.5Co annealing 384 775 43
Monel metal Ni-30Cu-4Si-2Fe-1.0Mn annealing 515 775 10
Nickel-chromium alloy 80Ni-20Cr as melt - 690- 20
(GNC108) 930
Ni-based Russian alloy S56Ni-40Cr-4Al aging(700°C) 2000 2300 2
(NiCrAl)
MP35N 35Ni-35C0-20Cr-9.5Mo-1Fe-1Ti aging 1800 2000 <2
-0.5>Mn,Si,P,S
Copper-Titanium alloy Cu-3%Ti wrought & aging 900 1200 <2
(grade SH)
Beryllium copper alloy Cu-1.9Be-0.2(Co+Ni) wrought & aging >1000 1300 2-5
(C1720, grade HT)
Alumium alloy (7075-T6) Al-5.6Zn-2.8Mg-1.4Cu-0.32Fe-0.21Cr solution treatment 600 700 -
-0.08>S1,Mn,Ti,Zr & aging
Titanium alloy Ti-6Al-4V annealing 920 980 14
Rhenium 99.90% wrought (30%) 2100 2200 2
Polymer polypenco PBI as received - 160 -
Polymer Parmax-1000, -2100 as received - 210 -
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Materials name of products
p (GPa)

Diamond ca. 12
Hard metals Toshiba Tungaloy 6.5.7
(ferromagnetic) Microalloy(F, AE60) ~
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Fig. 3. Phase diagram of berilium-copper alloy system. The
content of Be in C1720 is in the range of 1.8 - 2.0 w%.
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Table 3. Some physical properties of Cu-Be C1720, NiCrAl alloy,
MP35N and Al alloy 7075.

Electrical Magnetizat- | Thermal
Materials | Resistivity ion RT Expansion
RT, uQ-cm |10%mu/g | Coeff.10°/°C
CuBe 1
C1720 6-8 <1 17
NiCrAl 60 - 70 <4%*2 11-12
MP35N 100 <10%*3 11.2
Al alloy
7075T6 6 <2

*10 This depends on the purity of additional elements.

*20 Aged alloy has 2 times larger value at low temperature.

*30 Large temperature dependence. About 10 times larger at low
temperature.
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Fig. 8. Stress-strain curves of NiCrAl alloy

odTZEHHATH D,

7 N TAYER SIS D D1 XFig. TISR T
KT # 58 b RETH D (8], BRI X
o AM % S, Z OWiEA O F T, 20~40%
INT & 472 1/4H4F, 40~ 60% D EH, 60~ 90% ? SH
M e CHERENC L DR EmEN 13656 R D, KR
RLEE 7S 420°C LA L TidAr i (B AH : TiCu,) OHLIRAL
MEZ Y, BMENZEIKTT 5,

BIERREMREYIEL (BREMIZ) EHATHAIC
X, BOFRAEEDPERT T 20, MERFONREAL %
WIZHEL, EXHAIRALINTINE S LD ITEE
T 5, BICHR—2DEE%EHWTHRER ETE
LIZEAICE, ZH) LEEHE2REXY XY %
THEHALIN TN D DICHERAZ BT 2 b h
Do

WIZ, Fig. 8 & Fig. 912 NiCrAl &4 & MP35N D&%
AR & REhALER AT & DR T - O Al AR E R T,
NiCrAl &4 0% ANMIL, 1w - %, Mo
Bt D 7= OERLALBE & L T1200°C CTEVLE L,
EHIZAKRBEAIL S AL B THRC $ 2580 T, gk
R ETOMBIM T LRSS ThDH, —J7, MP3SNIT, IE
At TZ OIRENHETII 2V, IR - 8iE% 0
—ALHE DB L, 50% LI EOEH BN T A & AT
HE9THD, EDOD, 5T AN TREICHEE 2 &
< (HRC THIS0ITVY), BRI TN EE Ly & 2 A9 5
STH D, WO T 25 A 728 & & BT E O R FE T
L, S EBEoSEEEE LT L
2725, KB B e XD IR ALEE S 7o fk RE
TlE, W& & BHAIRANE L 220, MEIL2 GPa%

2000}
1500|-

F

o

=

%

g

& 1000}

—@— Aged at 566°C, 4hr
—>— as received

500

1 | 1 I 1 o
0 2 4 6 8 10 12

Engineering strain(%)

Fig. 9. Stress-strain curves of MP35N.



x5, LaL, BMHIE+HoCidln, X b=
Vo Z—Mpr o7 LTE, ECHT S
HERTHHLINHFNY VT LEETNANY 7T v
LI E2@RIL ) X — 2T H LIk o T, B
B EM, 3.5 GPall EOENZE SR A E & L
TEMAESNBEDTND,

2B ) U —EERT %G, SE Y Y v H—IC
TNV VT LAEREMEHT 22 N2 0N, 20
B, SREZ G @V H M O T&E T2 L) &
F—=NERTLHZ bbb, 207D, INL1ETH
UL 2 BRI R I LT 5 T EILR W) 23MER
TWo, £70, RRBEEENOHEKIZE 720, $E
WHETA2IEIER NI TALLREBRT B, FOMREK
BN EOETH D, A= o F—RSE
HETITBREMIIR SN TWD O T, BT 50
(=1 7)) OMEREORESCEE L L D
E+oRE L, kEEZED D ZEBHFLTHD, L
23U, MO T OB ST SR Z L G L), i
THEZ®ED L Z L BMEHNELEL LICEELEEIC
Eo THEMMRETH D L RITITHEL TV,

5. b YIc

MFOHEREONEFEL DX EEZRT LD &
Radz, MEIOMBER M SICET 27 — X 134T
LS Tz, NENIZIZEA b= &
F—WET B VIR > TR R E AL B DN,
ZIUEA B ORI LT,

L TAT, MEtOMBIXEMEFT AT L TH D, A
H, MEtOFEE L<SEML, BDOHEE T 5K E
DODEBRT—ZBHGLND X I, SHOBEEHFIC
B #HATERL, Fz, TROME TR & D
HRICIEDSFBD LD T2, BEICITRMEN T2,
) LR EERREICE > THEENLERKRA b
Thb,

P

(1] AAM B2 - SEDEHMEBSR & EERE
ffir & coISH, L, 1969)

[2]HERER - R P AR 18 - & T, (B2
hi, 1988)

[3]M.Eremets:High Pressure Experimental Methods,
(Oxford University Press, 1996)

(4177 T 420 & 5 imas s i 22 5 48, 3B01, p.237
(2001)

[SIARY A2zl i, ARRY a2 (%) o
HP &

http://www.polypenco.co.jp/

(6] /X—~ > 7 ZRIZE L TIiL, Mississippi Polymer
Technologies, inc ® HP % % [,
http://www.mptpolymers.com/Japan/ _company.html
http://www.maxdem.com/ company.html

(7] BRI A > (Bk) o HP S,
http://www.ngk.co.jp/MTL/index.html

[8] F. Sasaki (YAMAHA METANIX Corp.): private com-

munication

[2002 4 6 H 27 H 32 #]





