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Current Trends of the Hydrogenation Reactor Materials for High
Temperature and Pressure Services
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Fig. 1. Design stress intensity values for the

Cr-Mo pressure vessel steels specified by the
ASME B & PV Code Sec. VI.
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Table 1. A case study on the wall thickness of a
large-size reactor vessel used for high temperature
and pressure hydrogenation services.

@ Design condijtion
O ASME B & PV Code Sec. VIl Div. 1 and Div. 2
O Design temperature: 482°C
O Design pressure: 210 kgf/ cm?
O Inside diameter: 44877
@ Wall thickness of the vessel

Materials Div. 1 Div. 2
O 2YCr-1Mo (511 mm) (¥> (462 mm) (3
O 3Cr-1Mo 648 mm not applicable¢??

(1) Not applicable by the NeLson curve
(2) Div. 2 Criteria not exsistent
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Fig. 2. Effects of the tensile strength and the
hydrogen content on the resistance to hydrogen
assisted cracking in the 214 Cr-1 Mo pressure
vessel steels.
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Photo. 1. A typical micrograph of the disbonding
cracks at a 214 Cr-1 Mo/347 stainless steel overlay
weldment, caused by hydrogen embrittlement.

Table 2. Objectives of the R & D program on
the reactor materials for high temperature and
pressure hydrogen services.

1. Increasing design stress intensity value
(1) RT tensile strength: 85/110 ksi (59.8/77. 4 kgf/ mm?)
(2) Higher creep rupture strength

. Good resistance to hydrogen attack

. Good resistance to hydrogen assisted cracking

. Good resistance to disbonding at base metal/ weld overlaid
stainless steel boundaries

. Good toughness and lower temper embrittlement
susceptibility

. Higher hardenability

. Good weldability

. Low cost
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Table 3. The API/MPC five year research pro-
gram on the hydrogenation reactor materials.

Phase | Apn evaluation and summary of the data on
reactor material properties collected by
API consultants in 1981-1982.
During one year, beginning June, 1983.
Phase T A study of the properties of 2 %Cr-1Mo
steel of 85-110 ksi UTS, and collection
of data to support an ASME code case.
during three years, beginning June, 1983.
Phase M A study of higher performance alloy
modified Cr-Mo steels for service in Hy
to 900°F.
Tentatively a two-year program, starting
date no earlier than 1984.
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Fig. 3. Greep rupture strength of the 3 Cr-
1 Mo-1 V-Ti-B pressure vessel steels compared
with conventional 3 Cr-1 Mo steels.
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Table 4 Z—DOMEBRT R 75 20 bEREIh L
B LCKIRE DA SR Db Z R LIcd O
ThDH. EERE 214 Cr-1Mo 80 CizBEfED 214 Cr-1Mo
gL L C, REGEROBE TEIRT DR, o
P, S, Cu 7 LORWMILERDOHFAEMEDT R I 2 bR
TWwb. F¥7, V-Ti-B #n 3Cr-1Mo CH BEd &L
B b= OB EZ BRI E LT Si §FEDO ERVEL
BX 2 bR T\w5. Table 5 35 EEERKERLTH
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Table 4. Chemical compositions for the newly
developed pressure vessel steels specified by the
ASTM Standard.

Element Conventional‘’> Enhanced‘® g0 ynv0 v Ti B(3)

2 4 Cr-1Mo 2 4 Cr-1Mo

Carbon 0. 15max. 0.11/0.15 0.10/0.15
Mangance 0.30/0. 60 0.30/0. 60 0.30/0.60
Phosphorus  0.035max 0. 015max 0.025max
Sulfur 0. 035max 0. 015max 0. 025max
Silicon 0. 50max 0. 50max 0. 10max
Chromium  2.00/2.50 2.00/ 2.50 2.75/3.25
Molybdenum 0.90/1.10 0.90/1.10 0.90/1.10
Copper — 0. 25max 0. 25max
Nickel — 0. 25max 0. 25max
Vanadium — 0. 02max 0.20/0.30
Titanium — —_ 0.015/0.035
Boron — o 0.001/0.003

(1) A387 G1.22 (2) AS542/ A542M Type B
(3) A542/ A542M Type C, A832/ A82M-84

Table 5. Tensile properties for the newly
developed pressure vessel steels specified by
the ASTM Standard.

Enhanced

Conventional 3Cr-1Mo-
244Ce-1Mo 2%Cr-1Mo  %V-Ti-B
TS, ksi 75/ 100 85/110 85/110
(kgf/mm?) (52.8/70.4)  (59.8/77.4)  (59.8/77.4)
0.2%YS, ksi 45 min 55 min 60 min
(kgf/mm?) (31.7 min) (38.7 min) (42.2 min)
El, % 18 min 20 min 18 min

mm?) OEBELA eI T 5. 7, Table 6 12ik
ASME Code Case ToHOE IR IvEFEFED Cr-Mo
MEHBURLTHD, REHSIHRIOF LR EIZIEF
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1961 #f > 900°F, Div. 1 ki % Rzt 42 00 B EE
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Fig. 4. Relationship between hydrogen attack
susceptibility and Cr content in the Cr-Mo and
Cr-Mo~V-Ti-B steels. (The reduction of area,
RA and tensile strength, T'S before and after
the exposure are denoted by AS and HA, respec-
tively.)

Table 6. Design criteria of the newly developed pressure vessel steels specified
by the ASME B & PV Code 1960 and 1961.

Design stress intensity value, ksi

Temperature not .
pe Conventional¢1?

exceeding . 3Cr-1Mo-¥4 V-Ti-B

o 2 14,Cr-1Mo Conventional¢ 2> Enhanced

FO % 3Cr-1Mo 2 14Cr-1Mo
100 (38) (25.0) (25.0) 21.3 (28.3) 21.3(28.3)
200 (93) (25.0) (25.0) 21.3(28.3) 21.3(28.3)
300 (149) (24.5) (24.5) 21.3(28.3) 20.4(27.2)
400 (204) (24.1) (24.1) 21.2 (28.2) 19.8 (26.4)
500 (260) (23.9) (23.9) 20.8 (27. 8) '19. 4 (25.8)
600 (316) (23.8) (23.8) 20.5(27.3) 19.1(25.4)
650 (343) (23.6) (23.6) 20.2(27.0) 18.9(25.2)
700 (371) 17.5(23.4) 17.5(23.4) 20.0 (26.6) 18.7(25.0)
750 (399) 17.2 (23.0) 17.2(23.0) 19. 6 (26.2) 18.5(24.6)
800 (427) 16.9 (22.5) 16.9(22.5) 19.3 (25.7) 18.2(24.3)
850 (454) 16.4 (21.8) 16. 4 (19.0) 18.7( — ) 17.9(23.8)
900 (482) 15.8 (17.0) 13.1( — ) — (=) 17.5( — )

(1) A387 Gr. 22 (2) A387 Gr. 21 () Div. 2 Criteria
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