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/Bsnny¥n, C.A., Kovneristyy, Yu. k. Stsli dlya Raboty

Pri Nizkikh Tenmperaturakh (Steels for Low-Temperature

service), Publishing House "retallurgiya,” Hoscow, 1969:;

nussian/

Use of 9% Nickel Steel /41 *

Fer the past 5-7 years, steel containing 9% nicke).
has been widely used in & numzer of countries (USSR, USA,
France, Janan, Itely et al} ss construction material for
service at temperatures down to -196°C,

Zarlier, in most cases cryogenic tanks were made of
éype Kh1BN8 stainless steel or from aluminum alloys. Steel
containing 94 nickel has two advantages as compered with
these nsterials: it is chesper and its strength is higher.
According to data of the American firm, Lucens Steel Co.,
the cost of steel with 7¢ nickel is 39-35 cents per pound,
i.e. half the crice of stainless steel or aluminum /26/.
The yield point of steel with 93 nickel exceeds that of
stainless steel witk 13%f Cr and 3% §i by s factor of 2.3

and that of alurminum aslloy containing 54 Kz almost by a

factor of 3.

*Rumbers in richt mersin reflect ocaginastion &n the

original text,
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iovever, %o determine the expediency of industrial
use of steel with 9% nickel instead of stalnless steel 1t {

is 2also necessary to take intc account manufacturing costs

pe——

of varts made from this steel. One thinz which decreases

the economic advantages of steel with 9% nickel ms compared

-y with tre above-~indicated materials {(as well as with some

titanium alloys) 1s the necessity of subsequently temper-
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- ines welded structures because cf existine safety rules.
As was shown earllier, this steel possesses the high-

[ i - est notch toughness after double normalizing (or hardening)

s
4

followed ©y temperine st s temperature within a certain

-
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2, range, nanely 567-590°C. At tempering temperatures above

’

or below this ranze, tre impact toughness of this steel

E

] < decreases. solding of this steel causes considerable phase

. s
EEMPP MY IR
7

v

:

ari structural cuenges in the weld ares snd near it and

also considerably affects the mechanical properties or the

steel. For successful utilization of steel contsining 93

nickel 1t is necessary to know how extensive these changes
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in mechanical prooerties (mainly decrease of notch tough- /42

ness at cryogenic temperstures) are, 'fhe necessity of

.
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tencerine tc eliminste welding stresses and create optimasl

structure in tre thermally affected zone, as called for by

ASie safety rules, makes the use of steel with 9% nickel

AR A

for large size oerts, first of all contailners with licuid

= zases, inconvenient.
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N fv determine the expediency of tenperin: after weld-
1.1 in containers made of steel with 34 ¥§i, the American

S conpanies United States 3teel Corp., Chicago 3ridge ng

En Iren Co., and International .iickel Co. carried out in

Jctober, 13769, service tests of G reservoirs. These
. tests were known mdzc¢ the na+we “Operation Cryogenics."
B Test< were perZorm~d in tne presence of 300 representatives

from «overnment, industry sn? members of the ASHME committee

AT
A

in churge of safety of boilers and reservoirs /uk, 52/,

)
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iwo tyoes of reservolrs were tested: three of thenm

.Y

)
v

g rectangular in shape, 2457 x 2850 x 1987 mn in size, and

év sixz cylindrical, 1240 =~ in diameter, 4090 umm long. '
E% neservolrs were nade of steel sheet G.5 mm thick. Conmpo-

i sition of steel: 3.09% C; 5.22% Si: 0.44% in; 8.385% ii;

g% 1.7M6 8 %013 P Y.1%e Ci: Y.705% Fo: 1.958 Cr. One part
g; of steel sheets wes subjected tn dcuble normalizin. with

%% subsequent temperins under cornditions shown in Table 13.

gi The other o-.rt of sheets was hardened and tempered.

% Afte~ heat treatment, mechanicsl properties of steel

? met the requirements of ASHE (Table 14). BRefore welding,

; sre gheets trat were subjected to cold olastic defcrmation,
%: necessary for shapine separate sections of reservolrs,

g were tempered at §95°2. Electrodes of "Incoweld A" type

gery ased in weldi:n steel sheets,

T

{he electrode ~nat-rial oossesses the following
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we:% treatirent Hf gtee! sheeis

ccrtatning Jo i, used for regervoirs

ryoe Hf hesnt Ze o, saration, nmin. Coilinz
his] On -~ - s
treatzent o tsatirel ho.ding | B€diux
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qechanical orosertiss at 23%2: tensile strength 640 Ifn/'m2 -

(64 vg/mm:). yield acint 366 Kn/me (36.6 kg/mwz). elonga-

tion 435, re~:ctisn of srea 554. At -137°C these proper-

ties were: tensile strenzth 9397 Hn/:n2 (23 kg/mxz) and ;
elon-ation 21x. TIhe strength -7 welded joints varied

(derendin: or heat treatnent coniitions and direction of

wells, within tne range Jroxm 6435 t> 809 iin/a” (64.5-8r.0
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ke/w2” ). The unergy expended in fracturine a notched /43

Vs gy

gneclinen vith a soecisl notch 2f the keyhole type, at

‘s

4 ~13772 Az ant Teor then 2

\‘,

Inules (2.3 kw-m) Tavle 15).
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3 Jvr rectargular reservoirs were ~ode from rardened

ard tempered cheets and one from sheets twlce normsijzed

PP LA

ang temncrad, hegsrydirs were not hest treated afteér

] welilns . argleneilap reservolirs were filled wih iiguid

nitroren a1 *kean gyblented %5 i-met stress by 8 fullline

g -
“



*SugLiToed s 9SLIASUBII-~20" BUTWCL AP ‘sustitoaeds 1sudirngiaucy~-20388a00U

. N e

g .

N P T RTINS, - v e 10 et e .

TTUP Carn, NG SRS LTI K

tWJON

P P

192 §rce . 02 GE AUladiwey

Te 5¢ .NMM oel | lm. v + WTUepavy

e L2 19 019 L 04 | PUTIORAY + suyey

Tz ge 9 Gy il A ~lELIoU agroq

Ou9€ 1- O ti2 2 . NES\wx ZBsun NFE\wx NE\:x
(LU-ZH) sarnol | esie | wora u10d P .

“(Butyowun fuaeyun ) Jouc 1g 134 3 “ 38 JUSW 3 Bed], 8
pepladxe AJraugl-onpay | ~Juolg v1atlx a1 Isuag ! 1 !

P S et sty

£ w3y

IUSUINIIY AWIY I83J8 1IN ¥7 U

* PR e adL SRR,

TR 18738 0 SFTIIATEId CER DT

I A v . 5 .
Sy, e, b . VU . Peas, 2,

LN




-

v g ———

i/

we s

.
H
'
s

-
S ARG NIORRA LT ORI PPN TN N T80 ) Mg T8 e W S e A b & fee O . W m&

:
i
o
m
) |
J
VETE) EefletE) 26| (S) UGy (67€) 6E(L°9L) LoL)(9°9L) 99 ~suBas 4 .
paga m
(1°€) e €) nEf(p ) S (€°€C) CEG 1) ST (89) ogy| -duoy| -duway ¥
(T°€) 1€ H"€) HE)(6°5) €S (€) cmnm.mmv égd () Cogl " susay i W
Pes TU [ NOU3T i
(L*€) LEKE €Y €€h(T-6) 161 (4) céam.amv BILI (S €L) SEL °Buc;|-dexgun | + Yijuapasy |
- M
(2°€) CENE¢) €F (9) c9llg*c; mmr#.nov NG (€°S/) (G4 “sumnay ' I
paxe Y [
(1e) e €) wE)  (S) eS)(§°€) REHE°99) €99] (§9) 059 “Tuoy| ~duay g
(:°€) nERY°C) GE{(E ) €] (T°8) It} (L4) 044](S°9L) S9/) *susay FUTTARLI9] .
Pl + duizyew
(6°2) 28 €) g€y (S) 0S| (L€) mmam.amv SH9l  (99) (94| *Buoy]=~-eaxzun | -acu aygren . 7
auo2 U0 2 ,
pe30 pPo39 uief )
1eset. pFugge £1| 1®39u pajie A1 lITusuisede]I usuioedg popiom 3 394E |
plom  pFiBuIeys piaM fisuaaysy L
Udj3ou aioyfay yogou~x jutel
(sa835w-2%) papTaa .
SoTuc{ Ul ‘suauioads pauydzou {Swu/5q) W up Jjo uoij ILRJIL.J63TY Lea]: .
O paUfwaolap uoTICI0Eqs AsXauy .sawmmgaw 31 Tsuad, | ~vaxtqg
-
88POIIVI|Y V pPlIMCOUT G IM p3plam N 96 TUTUTBILCT £338YyS .
. L9338 JO SIUTCL PaPL=M Ju D 06T~ & AodaLg aSN30BIL PUE D (& 36 43-Led3C :
sl o=lasl -
) PR N y o o : . .T4»&»#}@!3&%.&.:..,,&.e..%.;:ta:.,,e_;.. We e mv . an t, :m
-~ - -~ — s il tdenailiintnd
T —




A E g, o

N

g v

TS £

PR T A O

[

/45

) Table 1¢é
Tz~< resnults for cylindrical reservoirs
mate from 3% ciz-z2]l steel
jeser- @~
heat treatnent z:;; 2g gé &
[ XN [ ]
4 [} ja | 2
o eol8 |™E| o | Rupture
= P YPILP P . = stregs,
9 Loize . n/m 2
< sheet reser- | TS5 |00 | & I (kg/mn®)
> volr LEIS—t »
| 9% o« n - [-}]
o n s 153
w [ IR o
[} o ot
o] Q.g kel
) El W
1 { Herdening + untemp-|-188{-186| 160[0.29] 952.7 (95.27)
tempering erecd i
2 | Double temp~ }-196}-19€!109§0.21} €53.2 (65.32)
rormalizing ered
3 | Hardening + untemp-|-196 {-191} 149} 0.29{ 912.6 (91.26)
tempering ered
4 t Double temp~ |[-1361-190]162]0.4 | 964.3 (96.43)
) aormalizing ered
S | Haxrdening + untemp-|~196 |-185] 152] -~ 1928.7 (92.8)
tenpering ered
6 | Double temp- |-196{-192{148}-- |899.9 (89.99)
nornalizing ered

ed oaf 1577 vg.

gradually increasine heizhts.

2 load was dropped was 5.5 n.

Loads were droposed on reservoirs from

The maximum height fr~a which

As 2 resulit of imnact testing, the metal in the area

of the fallfns locad was plastically deformed. When nitro-

gen pressure in regservolrs was increased to 7.0'106-?.’&’106

n,/m2 {7-7.8 atn) the combined actiun of load impact and

internal oressure led to crack {sarmatinn in two reservoirs.

The enersy soe i1t in svch a case was 113,400 joulss {11,300
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Kei~-neters). ive third reservolr made from hardened andg
tempered gneets did not h=ve any cracks, in solite of
nainerons imoacts oy a load dropped fron a height of 5.3 m.

Cvlindricesl reservolrs were tested by suplvinz inter-
nal nressuv... 'Reservoirs were filled with nitrogen,
increasine the pressure witk trhe help of pumps, until
cracks appesred., ialn test data for cylindrical reservoirs
are shown in Table 16. The table illustrates that heat
treatment of welded joints did not affect tensile strengti:.
witr the excention of regervoir No. 2 all reservoirs rup-
tured unier stress from 990 to 955 Hn/m2 (90;§5 kg/mmz}.
Phose reservolrs which were not temwpered after welding
had ductile ruptures, while reservoirs tempered sfter weld-
ins had ductile ruptures on only 50-80% of the fracture
surface, Areas of intarcrystalliine fracture appeared, #
prckacly as a resuit of zlow cooling of some parts of the %
reservoir after tempe:ing.

Bence, it is proven that there is no need to temper
reservolrs after welding 1f the sheet thickness is below
17 mm. Steel used for reservoirs conta.ned 9.09% carbon.

Phe herdness of netal in the thermally affected zone
was founi tn be linesrly deoendent on carbon content in
the base metal. /46/

It is tre practice in Sermany ncot only to test the
inagact tongrness o the welded join;.butalso to check the

nardness > steel con*2ining 8 K1 in the thermally affected

¢>J,-
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zene, If the hardness 1s found to be under 355 HV, the
welded jolnts are not temnered. If, however, the hariness
of this zone excefds 357 kEV, then, accordinz to existing
instractions, temperineg after welding is required.

Lowerins carbon content in steel decrease: structural
changes in tne thermally effected zone and prevents the
formatlon of ferrite structure gt low temperatures with
areas of carbon-enriched martensite.

Liquified gases, orimarily natural gas, were usually
stored in reservolrs at room temperature under high pressure.
Lately, however, cryogenic reservolrs are cften used for
transvorting and storing liquid =ases.

Contsiners used under hizn pressure are simple in
deslan and lnexpensive in service. Such reservolrs are
oftern made from high-strength steel. For tcutame and pro-
nane, which are usually storcd in such reservoirs under a

pressure of 2.5'106 6

and 7°10° atm, respesctively, the use of
cryogenic reservolrs is orobably not advisable., However,
for methane and ethylene the cryogenic reserveoirs can com-
pete, in respect to economy, with containers used under
oressure. /46

Cryngenic containers and reservoirs are more advanta-
geous because their volume is used more efficiently and they
are less daneerous in respect to explosion. Designs of

such vessels are teing improved snd their price ig decreas-

ing. At present, lesrge cryozenic vessels have been built

Ry ]
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for storins liquid sethsne at tempers:.ares below -1607C
/24/ .

The French comnsany Gase de France has bullt several
exparimental cryogenic vessels fron steel containing 5% Ni
for storing methane, In addition, three reservoirs about
3% m hizh, 25 n in 2ianeter and 12,907 w3 i1 volume each
were bullt from sheets of thic steel, from 6 to 10 mm
thick. The "Cenmel” company dDuilt a tank 11,900 n3 in volune
for storing liquid methane at the methane liquification
plant in Arzev, North Africa /24/. This tank is cylindrical
in shape gnd has a hemisphericai rcof. The internal snell
of this tank was welded from 2 mm th. k¥ sheet .:teel, con-
talning 92 Ni. The cuter shell was made from ~srbon steel
sneet 3.5 =x thick at the f;undazion ani walls end 12.5 mm
tricx at the upper part o the tank. Steel sheets contain-
ina 9£ Ni were welded using mainly Incoweld S electrodes,
Lat for weldins cheets for the tank roof, electrodes wvere
made of Inconel 182 nickel base alloy. wWelding was per-
formed with preheating to $3-60°C. All parts of the inner
sheli were subjected to careful cefectoscopy. Tempesrature
of .lgquid methane was -1659°C. The outer shell was subjected
tn atmospheric action at us to 389C. Before actual service,
Fydraullc tests witk (54 overload were carried out. Costs

of tark manufacture were 512 per barrel (1539 liter) of

useful volume. It was expected that in bulldine the second

R bl PR NI ot AN RN SRR, RUMIAAT A Betaniat Gl -
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tark these costashould decrease to 310 per barrel. For

lzrier tan-s these costs coul? decrease to ¢8 per barrel.

Costs of manufacturinz such tanks from steel contairning
3% Ni are 7% lower than trat from Al-fg alloy., contalning )
5% #ig. The cost of nluminum alloy is doutle that of stezl
with 9% Ni; however, the cost of construction from steel
increases due to the hisher cost of the welding operation.

Wwelding expenses comprise 30-4Of of the sheets' cost.

It is interesting to compare some technical character- ‘
istics of tankers for transportirg liquid metrane with
cryogenic containers made of steel containing 9% Ni with
those made from alloy Al+5p kig.

The tanker "Jules Verne," built in France, hes six

cylindrical tanks msce of B8-15-mm sheets of 94 Ni steel,

4037 m3 each snd ore 1126 m3 in volume. Each of then
weiahs 120 tons and their capacity is 25,500 m3 each.
Larse tanks are 18.35 m 1. dismeter and 18.62 m high.
The lower nart of the tanks 1s shaped in the form of a
truncated cone with a hemisviere at the end. Between the
111 and tre base there is an ellipscidal section. Tanks
were puilt on dry land ané assembled on the tanker.

On Enslish tankers there are 9 tanks welghing 130 /47
tons each, made from Al+5%8 /g alloy. <Their capacity is

26,590 mI.

There gre plans *> transport liquid methane fron

-11-
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i tatning 24 Hi., Hesallzation of this project will require
construction of large storage facilities on the shore also.

runeroas cases 1t 1s also more economnical and safer

T
4
o3

t~ store lignis oxyren at -1339C, since oxygzen is increas-

 anad

in:ly uszed for the intensification of metallurgical pro-
cesses. Cryogenic reservoirs made from steel contalning
3% N1 are bullt for storsge of iiquld oxygern al s number

of metallurgical plants in the US and West Germany. This

steel 1s also used by vxygen osroducing plants to supply
metallurzical and chemicsl-industrial enterprises with

1i1quid oxygen. At the International Nickel of Canada plant

e,
(9

in Copger C1iff, this steel wss used to bullid oxygen and

PR

nitroren generctors 1.2 @ in dianeter, 3.6 m high, with a

ha

wall thicrness of Tn. temperatare in these generators

TRy OIS

varies fron 26.7°C at the top to -173°C ai the bottom.

fressure chuznges cyclically each 123 seconds from atmos-

. oheric to 4.5'106 n/mz (4.5 atn}.

Steel cuntainins 32 K1 is used in thin and thick

sheets ani seamless snd welded tubling. Heference /51/

reports 2n ~anafacturing s..eets of this stesl 11,080 x
x 3170 x 47,5 mn in size for the chenicsl industry.

the 7% Rl steel pos<esses comparabtly low coefficient

THORIR R eE R FRTIE VI SUISPEF D St
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9f thermal exasnsion at +27 to -196°C, which makes this
steel usable for low temperature equipment parts requiring
dimensional stability. 1his steel can also be successfully
used for -arts used under conditions of continuous temper-
ature chenges ronxing from room temoerature to the temper-
sture af liquid nitrozen.

Usta are nvallable about this steel in s cast state
/37/. Steel nelted in a resistance furrace (Juncers

resistor rod) was deoxidized with aluminum, which was added

.to the ladéle in amounts of 900 grans per ton of steel.

3teel was cast into nolds of clover leaf shape. Natural
coaling of cast metal to room temperature did not produce
desirable results in resocect £o strength snd ductility.

“his ohenomeron is explained by the harmful effect of hydro-
gen orecipitated from steel during coolirng (flakes) /37/;
therefore, subsequently produced castinzs were removed from
anlds five .iinutes after filling them with molten metsl

(at 1300°C), inmecistely transfered to a furnsce heated to
65600. ard held there at this temperature tor 21 hours.
After that, castinas were cooled together with the furnace,
A5 8 result of such treatment satisfactory properties were
achieved., The chemical conposition of the melt investigated
WAS: 0,128 5 D.0sae 315 2.658 Mn; 0.006% S: G.014% P;

2.35% Ni: 9,763 Al.

Castings wer: heat treated in four steps a.cording to

AR H N e e KAERAN SO E AP S0 St o Bnte e 3
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the fsllowin. resinse: /48

i - heatine to 399°C, holdinz 3 hr, air cooling;

1

I - = » 2350%, " 3 hr, * "
II1 - m # 5750C, " 5 hr, *® "
v - % 46n3C, " 5 hr, " "

Tre energy expended in fracturirg specimens with V-notch

L S daine Jeam g

decreases nearly linearly with temperature and amounts, in
Joules (kg-m), to: at 29°C~-87 (3.7): at -100°C--65 (6.5);

. at —196°C~-<3 {5.3). Other mechanical propertles were:
tensile strength at room temperature, 759 :"{n/m2 (75 kg/mm%:

| : yleld point, 530-660 Mn/m® (59-66 ka/mm?); elongation, 26-27%

ani reduction of areama, 50~55%.

Hicrostructural examination demonstrated that the main

g
=

I T

structural component of cast steel after heat treatment is

wtaliindiinng

ferrite, Areas of sustenite and carbide particles, dis-

trituted mainly in interaxisl spaces, were also observed.

Jar FWcestpRre  pv

X-ray anslysis confirmed the presence of austenite in steel

in amounts of 10-158. Distributior of carbides at grain

boundarles was noticed after high-temperature heat treatpent,
such as holding at 1200°C and cooling in air (Fig. 21).

Stecl with 98 Ni can be used for parts of refriger-

: atin: equlipment. Ihe American company Cupper-Bessemer uses

:
i
t
i
3
i
3
B
¥
&
3
3
3‘
3

thls steel for valves, evaporators and other parts in

f nachines for producing liquid air and even ligquld hydrogen.

s As a result of case nsrdeniw, the nardness of this steel

-14-
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wo Hin T Flg. ?1. rlerostructure of 9% Ni
A%'L -y z':-\ g ! ] 9
cast st:el after holdine for one
hour at 1200%C and ccoling in sir

>
£
5
L
' -
"' _ 3 . _." . . - 1:
Y Jt,' AR v (x 115).

equals or exceeds 55 HRC, sn? the energy expended in frac-
turins case-hsrdened Charpy specimens with V-notch, at liquid
nitroren temperature, equals or exceeds 44 joules (4.4 kg-m).
The steel does not corrode in ilguld oxygen or nitroszen.

This steel is very simole in its chemical composition,
since it has only one slloying element, nickel, which lowers

the threshold of cold shortness and increases energy for the

i

development of s crack under coniitions of ductile fracture

/43/.

g

As demonstrated ty latest lnvestigstlons /25, 34, 43/,

nickel most effectively influences steel properties at low

temperatures in amcunts of up to £-7?3; therefore, the ques-

tion is raised whetrer it is expedient to lower nickel con-
tent in steel and insi#ad of usins steel with 35 Ni to use

steel similar in mechanical prooerties but contaliring only
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uo to 44 N1, sicr as ONAA steei. At oresent, data on pro-

oserties of such steel are available /177/. Optimal com~ [49

tinatlon of strength, plasticity ard touehness of ON6A
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. steel is schieved after doutle narmalizinz at 700°C and 1
teq.:riny ot 569772 for 1.3 hours {air coolinz). One other
cetrod »f heat treatnment is also recommended: quenching in
water from 827-3409C and temperins at 600°C for one hour
(air cooling). Treatment by the first method results in
slizhtly higher s-rength and toughness at -196°C: tensile

strength 970 and 850 ir/=% (37 and 85 ka/mm?) and fracture

energy 1.72 snd 9.A2 Joule/m2 (19.2 and 8.2 ku-m/cmz).

res «-ctively.

ON6A steel sheets 10 mm thick were matually arc welded.
Kh16N25M€ (EI375) steel wire was used as the electrode.
liotch touzhress of welded joints was equsl to or exceeded
.35 joule/m2 (3.5 kg-m/cmz) without need for subseguent
ﬁ heat treatment.

Tests of models of oxysen regenerator vessels nade from

: ONEA steel showed trat with good guality welding these ves-

o sels

d1d not fail under cynamic loads up to 2000 joules
(207 vg-m). These results proved the satisfactory struc-

!
tural strength cf these vessels.
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