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Modern launch vehicles depend on liquid fuels such as liquid hydrogen and oxygen,
which must be stored at cryogenic temperatures. Cryogenic tanks are essential for
containing and transporting liquid hydrogen and serve as critical infrastructure across
the defense, aerospace, and energy sectors. Given the extremely low boiling point of
liquid hydrogen (20K), materials used for these tanks must meet stringent
requirements, including chemical compatibility with hydrogen, resistance to hydrogen
embrittlement, and reliable mechanical and thermophysical performance at cryogenic
temperatures. These characteristics are vital to ensuring structural integrity and
operational reliability. This report provides a detailed evaluation of cryogenic materials
currently used to store and transport liquid hydrogen. It reviews recent research
advances, compiles performance data under low-temperature conditions, and identifies
key material characterization and application gaps. The objective is to support informed
material selection for future cryogenic tank development. Stainless steel remains the
most widely used material for liquid hydrogen storage, with different grades selected
based on specific operational demands. However, the growing need for space-based
hydrogen systems has accelerated research into advanced cryogenic materials,
including high-strength aluminum alloys, titanium alloys, and composite structures.
Composite cryogenic tanks have been implemented in launch vehicles such as the DC-
XA, X-33, and various platforms developed by SpaceX and in programs led by
McDonnell Douglas and Lockheed Martin (LM). Notably, LM reported up to an 18%
weight reduction by replacing metallic tanks with composite alternatives. This review
critically evaluates cryogenic tank materials' applicability to next-generation launch
vehicle designs.
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Fig. 1. Volumetric energy density for common fuels based
on their occupied volume[2].
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Fig. 2. NASA's unmanned Altair and Helios HPO3 aircraft
with long flight duration [1].
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Table 1. Chemical composition of austenitic stainless steel
commonly used at cryogenic temperatures[13].
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1. American Society of Mechanical Engineers (ASME)
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Fig. 4. Fracture toughness of 316 stainless steel at cryogenic
temperatures across different temperatures[20].
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Fig. 3. Tensile properties of 18Cr-8Ni stainless steel at
different temperatures [20].
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Table 2. Chemical composition of aluminum alloys commonly
used at cryogenic temperatures [20].

Alloy Si Fe Cu Mn Mg Zn
1100 | 0%6) | 0051 505 | 00502 | 002 | 010
2219 | 02 | 03 | 5868 | 0204 | 002 | 010
2014 | 0512 | 07 | 3950 | 04-12 %28 0.25
2007 | 02 | 07 | 3545 | 0410 | 0% | 025
2024 | 03 | 05 | 3849 | 0309 | “& | 025
3003 | 06 | 07 | 005 | 10-15 11% 0.10
5005 | 03 | 07 | 02 0.2 08 | 025
5052 | 025 | 04 | o1 0.1 2228 0.10
5083 | 04 | 04 | 01 | 0410 | 4% | o025
5086 | 04 | 05 | 01 | 0207 ‘155 0.25
5154 | 025 | 04 | 01 | 0105 | So | 025
5454 | 025 | 04 | 01 | 0105 23‘;') 0.25
5456 | 025 | 045 | 01 | 0510 | tL | 025
o061 | 0408 | 07 | % | o1s | 05 | 0zs
6063 | 0.2:06 | 035 | 01 0.35 0{;’3 0.1
7005 | 035 | 04 | 01 | 0207 11% 1
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Fig. 5. Engineering tensile stress-strain curves for
different temperatures of Al-Zn—Mg—Cu alloy (a) in dry
nitrogen gas (DNG) and (b) in humid air (HA)[26].
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Table 3. Characteristics of carbon fiber types[43].

Type of . . Resin
Dimensions
carbon . system
. and size
fiber used

Method used

40A/B

(1.0%)
40B (0.5%) Epoxy
T300 Epoxy,
5A/B phenolic,
(1.0%) polyester,
vinyl ester

TY030B-05
TY030B-05

Epoxy

TY030B-05

Epoxy,
phenolic,
polyester,

vinyl ester

Epoxy

Vinyl
ester,
compatible
with epoxy

5C (1.0%)

T300S | 6E (0.5%) TY030B-05

6E (0.3%)

3E (0.5%) Epoxy
Epoxy,
phenolic,
polyester,
vinyl ester
Epoxy,
phenolic,
polyester,
vinyl ester

4E (1.0%)

T700S TY030B-05

5C (1.0%)

T700G Epoxy Epoxy TY030B-05

40B (0.5%) Epoxy
Epoxy,

phenolic,

polyester,

vinyl ester

T800H TY030B-05

50B (1.0%)

Epoxy,
phenolic,
polyester,

vinyl ester

10E (0.5%)

T800S TY030B-05

Epoxy,
phenolic,
polyester,

vinyl ester

5C (1.0%)

1. Polyethylene Glycol (PEG)
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Fig. 7. High-performance and lightweight Graphene-CFRP
compressed hydrogen storage tank [44].

2 (CNTs) )5 slodgdgil 5l oalatwl ab o)lil 5™ jobo lors

DI (st Slge &y S oo cpiz OFgre Silwe By (il
2bloy iy & plotl (Vb Cond b1 4 (0 sladggl
ABLS ()9)am 3985 il ) (o caglie g Vb (Sl ()
Sierd e Sy 1y S el n Sy cal o
ol S g (658 (Sllaies Ll o 105 S oo Jlots] (59,00
oAyl ol mizpen S (5 pSoke gy i )b S
oie 8l ey Wl e (S Syl o w5 o o3l oS

2. Graphene-Carbon Fiber Reinforced Plastic
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Fig. 6. Improving the properties of a composite layer using
PEG 600 [43].
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1 Carbon Nanotubes (CNTSs)
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Fig. 9. Components of NASA's Space Shuttle super lightweight
cryogenic tank along with the materials used in it [46].
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2. Reusable Vehicle Testing (RVT)
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Fig. 8. Composite tank made with carbon nanotubes[45].
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1. External Tank
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Fig. 10. Production process images: a) Aluminum layer and
mandrel b) CFRP coil over liner c) Strain and temperature sensor
d) PUF insulation and water-resistant tape [48].
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3. Polyurethane Foam (PUF)
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1. Maximum Expected Operating Pressure (MEOP)
2. Carbon Fiber Reinforced Plastic (CFRP)
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Table 4. Available data for the liquid hydrogen tank [48].

Cryogenic Tank Density Parameters
Diameter used 849 mm
Outer diameter of the liner 645 mm
Overall height 851 mm
Nozzle diameter 81 mm
Tank volume 0.157 m3
Maximum expected operating 451 MPa
pressure
Burst pressure 9.0 MPa
Total weight 36.5 kg
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Fig. 11. Delaminating the connection of the liner and CFRP[48].
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Fig. 13. a) Flight test of a device equipped with a liquid
hydrogen composite tank General configuration b) In-flight
configuration [48].
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Fig. 12. Liquid hydrogen tank mounted on RVT launcher[48].
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Fig. 14. Polished edge of a microcrack fracture toughness test
specimen in the [0/90n]s[50] configuration [50].

3. Composite Technology Development
4. Microcracking Fracture Toughness

Ladlgn (podign 5 (59l
¥ yleds A 5y VEF s [ A

Ojbe arwg glp (93,5,,) CTD CS,0 7.0
(Y 09 (S jowels
Sbloglad 5 Qby glaolus daloglon st | Gl
tlosd Do (6)leSS slpype "ol )5 i Sile o]
rob Jb 3 &8 i ool )l 5l VY sl jeels
Sacajoels g (FST; GlYgd (g2 (dlge b Ngd oo odlitnl
b odd ails clocSib Wad e Mg IilE | o1 odudey Loles
oS 55eS Gy 5 peS Lo auip L 4 Gl glacyjeels
) S o 5 oolisel 3gala Kby by Lialil (sl )
oS Gl il b annliio )3 1) (5 (ERITZYD | S b jle
il el yol ol 4 A5 o &) S e o3lital Lils s
S (Srge ) edie I pans IS 0jy UBE 9 e >
el ilgi o gd didlo g (phb Cawpd Oygodr (Y il
[FA] 898 ()l sloaijo (ials g Sllos S ials

Jclidbre gl by e (RjgelS il g Y
)8 eolawl 5y90 (5D slacwnss ply )d Croglie 5 (>, (slaylis
ol e s |y cyoke ool 31 i 48 Y &S oy 65
Cujgeals il ¢ Jlio )3 .85 o0 )18 (B> wlo Sl cldiblons (4
9,k plod Joo5  ogMe b i)l 5l (jonels gy 4l Y
S 055 53 455 oo 3 ol 39 o st e e (sl
Vs 3985 455 3 5 sl by 0955 A g Sm 35551 5
b ilodire @y (oolol g adgl Jlme S OB Sl 55 il 5
3 oY (Ghjeeels (jlre (b el 3l e Sl
O 5 5,5l plide ) ibe (5)ld b 5 Ses I (A8> s &
8]3)03 5,50 obie 53 Slge L3,

@5l ojbre ol GBS g dawgi )3 Cuge (sl oled
olie 3 Wjls ()90 slp pogad 4 da dlge e )3 Cuibge
Oszmed e (nl 53 e3lssl 3590 dlge I3 (St 9)Ske 5 9,54
b i e (GY5b 3 o)l (Ko )lSe bis sba LSS Wb
Gl S ik 1y (el dlse b eagl 5 laS g See
@ o Tacojsels (GHesiss anug dagille ul (sle )by
by Slotuns 2,09, Sy Wigh o 43ld 55 CTD yuaisea
(i Glasuie flojen dawg Jold a5 Cul o3y dawy |,
(gl dlge diedan (Sl I SlSag e g (odine (sla s
18- 1550 Bluws g3l Bilo 5 (Sl (sl sbg, sl Sk

Aoy Y (ujeels (jle sliwly 3 CTD sla 53
S ply 0 Cuoglie daue olped 4 bl Coww S gl

1. Airborne Laser
2. Linerness
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