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ABSTRACT

In 1958, China began massive production of com-
plete set oi equipment for nitrogenous fertilizer
plant. Since then more than 3) synthetic ammonia
plants each with a capscity of 200 tons per day
have been put into operation.

For high-pressure vessels, there are 4 types »f
structure that are most videly used today, they are
shrink fit structure, welded mono-wall structure,
multi-layer buncle-up structure and steel strip
spirel winding structure (it measns that the core
cylinder is wecund with a steel strip at an inclined
angle in a criss-cross manner), ¥itr thesec types
of structure, we have made quite a number of large
vessels, and all these vessels are iﬂ opevretiorn.
Now we have accumulated rich experiences in design,
tabricstion and operation of high pressure vessels
through 20 years of practice,

All high oressure vessel manufacturers in Ching
are cquipped with relatively complete machinery and
have a relatively sound technicgl forcz. In addi-
tion, we are carrying out s set of stringent qua-
lity control systems to ensure the quality of the
products sand safety in operation.

SO S—
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1. 2 general view to the manufacture of complete set
of nitrogenous fertilizer plant snd high pre. sure
vagssels in China.

In 1958, wc began to design and manufscture comp-
lete get of nitrogenous fertilizer plant with various
sizcs by ourselves. From that time on we have put into
operation, for sxample, more than 30 sots of ammonia
plent, each witn a capacity of 200 tons per day.

As I mentioned before, we have designed and manu-
factured the principzl equipment for nitrogenous fer-
tilizer plant, such as furnaces, waste heat boilers, |
towers, high pressure vessels, gas €Ompressors, ‘
pumps, refrigerators, air-separation equioment, nitro-
gen scrubbers, valves, pipes, etc..

High rressure vessel is one cf the key equipment in
nitrogenous fertilizer production. Good quality of
the equipment ensures not only the smooth running of *
the plant, but 21s0 the eliminstion of disastious
accidents,

For nearly ¢5 years, we have accumulated rich exper-
iences in fgbricating high pressure vessels after the
first multi~layer bundle up high pressure vessel with
an internal dismeter of 800 mm was successfully manu-
factured i» 1956, "e are now able to manufacture vari-
ouz types of high pressure vessels, of which multi-
layer bundle up structure, multi-layer shrink fit stru-
cture and welded mono-wall structure are most commonly
uszd for frbricating medium and large size high rre-
ssure vcecels, Till now, we have successively cons-
tructed quite a number of relatively large vessels and
put them into operation, such as two-layer chrink fit




nmzonia convertcr of @ 1600 mm threc-layer shrink fit
atmonia converter of @ 3200 mm weighing 300 tune, and
welded mono-wqll urca reactor of @ 2100 mm, lined with
316L stainless stcel, etc., 3t present, there are

many prcssure vessel manufacturers in our countiry,

whe are capable of fabricating welded mono-wall
vess2le with wpll thickress less than 115 em; multi-
layer bundle up vessels with diameter less than @ 3500
mm and multi-lsyer shrink fit vessels with 2 total
weight nct more then 400 tonse.

Low glloy steels with yield limit within the range
of 35~950 kgf mma are most common raterials for mak-
ing high nressure v:ssels,

Our manufacturers can vwndertakc the fabrication and
inspection of high pressure vessels according to any
country's, regulaticns, standards, procedures or even
any special requircments raised by customers.

11. 7The maznufacture of high pressure vessels for
hitrogencus fertilizer plant

In this peper, I would meinly end briefly introdu-
ce the present fsbrication status of the 4 types of -~
structure ¢f high pressure vessels as I have mcntion=-
ed before, i.e. multi-layer shrink fit structure,
welded mono-wall structure, multi-lsyer bonflle up
structure and steel strip spiral winding structure
(the vessel is formed by winding » steel strip onto
the core cylinder 2t an inclined anglie¢ and in a
criss-cross manner) and the linings for these vessels,

A. The manufacture of multi-layer shrink fit
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vessels

1. General description

Shrinkage fitting vessels ar: characterized not
only by safety in operation, reliability of materials
#nd flexibility in design, which are the main features
of mrlti-layer assembled vessels, but zlso by shor$
ranufacture cycle, high productivity, which are known
as major fesatures of mono-wall vessels. This kind of
structure has become a major structure of large and
medium size high pressure vessels in our country.

¥e have made a eyetematic study by testing of
shrink fit vessels with and without machinec contact
surface, (including hooped vessels without prewelding
of the annular seams on the outer shell). For instan-
ce, the eliminaticn of excessive siress, excessive
strese distribution and burst test, Based on the data
obtsined from the tests, we have establimhed "The
Technical Regulations for Shrink *it Pressure Vesgsels"
end main manufécturing tachrology. We have constructed
about 10 two-layer or three-layer shrink fit vessels,
witn internal dismeters from @ 900 - @ 3200 mm and
workins pressure from 150-320 kgﬁ/cma, and the maxt-
mux thickness of wall 162 mm. These vessels are runn-
ing now.

Recause the excessive gtress has been relieved by
heat treatment, the shrink fit residusl stress is
relatively at & low level. The stre~, distribution of
the vessel is gimilat to the mono-wall vescels under
pressurized ccnditions. So it is quite safe 1f the
design shrink fit vessel is considered as a usual
mono~-wall vessel,




2. Manufacturing technolcgy

In order to ensure product quality, the following
must be controviled and inspected:

(1). The steel plate muet de sarjected to 100%
ultrascnic inspection and the surface of the plate
should be good. The thickness deviation of the plates
used for constructing the same unit cylinder should
be kept below 0.5 mm.

{2). Mfter longitudinal welding, the weld on both
sides should be ground on so ac to make the welding
area have a smooth transition to the adjacent area of
the cylinder.

(3). Tt is necessary to ~pply first anti-cracking
welding on the grooves of the circumferential welds
before actual welding begins, in order to prevent the
occurence of cracking or slag inclusion in the clear-
ence duririz. che circumferential welding and to con-
venienct tius ultrasonic inspection on the welds of
the multi-iayer cylinder to precisely reflect the
welding quality. The circumferentiel welds and tne
tyve of psnti-cracking welding grooves are shown in

Fig, 1 and 2 a3 an illustration,
12’

Fig.1.Unit cylinder and its Fig.2. Anti-crack weld
c.rcumferential weld groove groove




(4). The longitudinel welds on each layer and all
circumferential welds (including ant.-crack welding
seams) should be subjected to 100¥ radioactive ray
or ultrasonic and ma;netic inspection.

(5). Pydrostatic test

B. The manufacture of mono-layer vessels

The process for fabricating welded mono-layer
veesels is just the sgme with that of unit cylinder
of multi-layer shrink fit vessels. The only difference
is that tkc steel plate used for manufacturing mono-
laver vessels is much thicker. Therefore it is of
considerable impprtance, during heat treatment, to
control the quenching degree.

C. The manufacturz of mul ti-layer bundle- up vessels

l. General

Multi-layer bundle-up structure is the esrliest
type of structure adopted in high pressure vessel man-
ufacture activities in our country. The mgin features
of this ikin1 of structure are safe operation, homo-
geunccus materials, reliable properties and easy fa-
brication. Currently it is a still priacipsl structure
cf our high pressure vessels in ammonis plant.

In fabricating multi-layer bundle-up high pressure
vessels, the first thing is the proper control of
bundling up prestress, the clearance betwsen layers,
and the welding quality.

We have selected two multi-layer bundle-up unit
cylinders fabricated according to the established
technical regulations for actual measurement of the




bundle up prestiess. Cne cylinder is:

The

Dased on

design preesure: 320 kgf/cm2
inside diameter: @ 800 mm,

total thickness: 79 mm,

lenth of unit cylinder: 1800 mm,
inner snell thickness: 25 mm,
bundle up plate thickness: 6 mm,
number of layers: 9;

other is:

design pressure: 160 kgf/cma,
inside digmeter: @ 2100 mm,

total thickness: 108 mm,

lenth of unit cylinder: 1800 mm,
inner shell thickness: 24 mm,
bundle up plate thickness: 12 mm,
number of layers: 7.

the test, it may be summarizied as follows;

(1). The tangential bundling-up prestress is caused
mainiy by the transverse shrinkage of the longitudi-
nal weldings of the layer plate.

(2). The tangential prestre.s of the inner shell
caused by the transverse shrinkage ot the longitudi-
nal weldings of the layer plate is unevenly distribut-
ed as shown in Fig. 3, Because the longitudinsl weld
of all layers are displaced with one snother in a
gradient way, the prestrees caused by the shrinkage
of lonzitudinagl weld is on the whole uniform sfter bun-
dling up many layers.




(3). There is no direct
correlation between the
loozeness of the bundl-
ing and the bui.'le up

prestrcss. The most
important factors that
irfluence the looseness
of the bundling are the

H 6 Y/

_/\\

D,

) E
/I ' F
evenness and surface pro-
pertiez of the plate.
(4). prfter bundling up !

the layers of the two unit
cylinders, the annular

prestress on is cesused

the ingide walls > th Fig.3 The tangential prestress
inner shells. of the inner shell caused by
The existence of these the shrinkege of longitudi-

prcstrecses are helpful nel weldings of the layer

to improve the load on th: prate.

iaside wall of the vessels.

Cver 6 multi-layer bundle up vessele have been
burst in our high pressure vessel manufacturers, as
3hown in fable 1. From the Table, it is readily seen
that the quality of the vessels can satisfactorily
mecet the design requirements., Pt present, sur bkg-
gest machine can bundle up vessels with diameters
from J 500-3500 mm, and lnyer plate thicl.negs from
6-12 mm,

2. The manufacture of inner shell

The inne¢ * shell of multi-layer vessels (includ-
ing wvorious structures of inner shelle) serves not
only to withatand the internal pressure, but also en-




closes the mecium of the ves=el. Although the inner
sihell of multi-layer vessel is relatively thin (usu-
2lly from 10-25 mm), the fabrication of it should
be under extremely stringent control, for exampe:

The inner shell plate should be subjected to
100% wifrasonic inspection. The surface should be
ciean and even, v

The ek}ipticity of the unit cystinder chould not
be more than O.5%.

The longitudinsl seams after welding zho:1d be
heat-treated to relieve the weld residual stress.
11 longitudin:l seame should be subjected te 100%
radioactive rays or ultrasonic and magnetic particle
inspection,
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Table 1 3urst Test of Multi-layer Bundle-up High Pressure Vessels
|
seri.l insige wall diameten inner shell layer plate |bursting actusl !
. At . pressure bursting
No. dlazetern thiclkness| ratio material  thickness| material  thicknesd, jculat- [pressure:
mm xm K am mm ¢d from kgf/cn<
wediunm dia- i
nefer formu- \
1la
7 2
kgf/cm
1 584 112 1.38 20z 12 A5R 2.5 1375 1.265
.0
. 2 800 169 1.422 . 20g 13 ?og 6 1660 1705
. 600 7 1.32 ste52 13 st.52 6 1540 1550
3 9 5 5 (&QGQ) ?v‘ﬂ.G.)
4 420 35 l.40 204 13 AsR 6 1505 1575
5 800 ¥2,5 1,13 - 14MniMoVDB 55 1+MnNoVB 6 9lo 955
6 800 48 1.12 15MnV 12 14MnMoNbB 6 855 809
i r——— -
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3. The bundling up of the lsyers, the butt join-
ing snd welding of the unit cylindiers

The plate for fabricating layers should be careful=~
ly selected.

The droving force of oil cylider snould be cor-
rcetly zelected to match the thickness and mechani-
calvﬁrOperties of the plate. Necessery measures should
be iLgken to> make the layers contact with each other
as tight as possible.

For inner shells with #/7¢5% (. represents inner
shell thickness; R, inside radiug of the unit cy-
linder), padding devices for supunorting inner shell
should be avplied before bundling up. After having
bundled up one laver, a check should be carried out
to detect the loonse area.

“hen the yield limit of the inner ghcll material
is 0’3250 kgi/mm‘ , the welds should be reinspected
with megnetic particle and ultrason}c after hydro-
static test.

4. The dislocation structure of circumfepential
velds

GCenerally the dislocation structure shown in Fig.
4L can avoid the deep welding of the circumferential
welds for multi-layer bundle-up vessels, thus reduc=
ing the wclding defects and raiging the quglity as
well as safety of tne multi-layer bundle up vessels,

considering structural rationality of the dislo-
catiocn 2nd c<ffects exerted by tu. contraction of the




circurnferential welds on the tightness of contact

between layers, it is advisable, based on tests, to
tase L= 20 mm, L,=30-50 mm, and o =30°,
L

Fig.4. The multi-layer bundle-up vesszel with

dislocation of circumferential weld

(D) The manufacture of steel strip winding high
pressure vessels

In 1965, we developed the spiral structure high
pressure vegsels which are fabricated by winding steel
strips cnto a core cylinder at an inclined angle in
a crigs-cross manncr. This type of structure is charac-
terized with following features: simple fabrication,
safe operation, high productivity and low cost. We
have fabricated over 1500 vessels of this typc since
then with inside diameters from @ 450-1000 mm, design
pressure from 150-320 kgf/cmz.

The structure of steel strip winding vessels is
shown in "ig. %.

Because the sdjacent strip layers arc wound in an
opposite direction, the core cylinder vill not be
affected by torsional and shearing stressesg. The
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relgtively large inclination angle overcomes the in-
sufficient axisl tensile strength, s weak point acco-
mpanied to the spirsl vescels fabricated by fitting-
up section steel. In addition, equel snnular and axigl
tensile strength design can be reslized through the
adjustment of the inclination angle when winding the
steel strip.

at present, we usually use small <imension strips
in fabricating spirsl nigh pressure vessels znd wind-
ing one strip ( 80x4 mm ) at s time., "he mgximum
vessel ve had fabricated is the onc with » m~xinum
diameter of # 1000 m and «aximum vwall thickness of
144 mm,

Tor ten years or so, %e have been doing some re-
se~rrch workx on the state of steel strip wirding ves-
cels under stress, on theore-icesl 21alysis of elas-
ticity and plasticity for realization of equal ten-
sile strenth design, on upgrading the qurlity through
improvement of strip vrinding technology and on the
structure sand strength of the vessels vit: hcles on
the cylinder wall. "¢ have tested 5 vcssels with di-
ameters from @ 450-1000 mm, the basic dats are shown
in Table <.

“rom the test of vessels with holes on the cylin-
der wall, it can te sern that the locstion ¢f maxi-
mum stress, the stress distribution around the hole
and the stress decreasing zone sre z11 siuilar to
that of mono-wall vesselg with holes. The waximum
streeas concentratec coefficient is witnin the design
limit. The bursting pressure of the veessel can reach
that of steel strip winding vessels without holes on
the cylinder wall.
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“Theoretical
Arameters
5y=Ch~1)5
éA= 4 ~10 MM
. .S’)Cu« B =8o~4001nm
circumferental | o = 29~ 30°
_— d, = Soo~5000mm
A=2~5mwm

H ~2M
| _Steel strip
T - 7
Bnlarved Cross

SSection A

—— v — e St - -

®ig.5. Diagram of steel strip winding structure vessel




Table 2 Bur3at Test o. Steel 3trip Winding High Pressure Vessels

sorial|inside| total inner |shell| steel| strfp |diameter|bursting
No. din, wall thick- mater+ thickw mater-| ratio pressure
mm | thick- ness |[ial ness | ial K actually
neas mm mm measured
: !
@ o kgt /cn’ .
L . &
H I I '
1 {500 74 18 508‘. 56=4x14 | AR 1,220 975
l
2 1500 54 18 |16Mn [36=4x9 | 16Mn | 1.216 1038
! n :
'3 1450 28 14 |16Mn  {14=3.5x4| 16Mn | 1,125 568
(4  iooo | 108 28 | 80m4x10 | 1.216 920
5 '500 56 /‘ 16 120,  |40=4x10 | 16Mn | 1.24 965
with {
holes

(Continue)
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(continue table 2)

czlculated bursting pressure kgf/cm2
Lth Faupel medium
strength formula diameter
theory formula
1015 1150 1152
1160 1240 1210
631 646 618
1005 1130 1090
1025 1075 1078

(E) The manufacture of high pressure lined
vessels for nrees plants

The high pressure vessels for ures plants are
usually with linings. In our country, 18-12 type
super low cerbon Austenic Stainless steel, ferri-
te sustenic biphase steel Cr 17+nl3“o2N (Ah
steel) and techuical pwre titanium are generally
used for urea vessel anti-corresion linings.

Our country has manufactured a great number
of urca plents with capecity from 360 tons/day
to 800 tons per day. Yow we have accumulated a v
wealth of experience through these years of
practice.

There are many types of linings for nurea high
pressure vessels. According to user's request,
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we can supply mechenical linings, shrink fit linings,
surfacinglinings, and stpsinless steel inner shell used
as & lining for multi-lgyer bundle up vessels. For
head 1inings, in sddition to the mechanical linings
and surfacing lini:gs, there sre explosion linings

and stainless steel clad plate linings forred with hot
stemping method.

1. Linings by mechanical methoi

T™isg is the earliest type of linings ve use for
high pressure urea vessels. The insgide wall of the
cylinder to be lined is prefersbly machined first
since a regular, smooth and clean surface is help-
ful 0 magke the linings be tightly applied.

The longitudinal and circumferential velds, which
are welded in the cylinder, should be mostly velded
in paddey.Torm,,ashekdwn in Fig, 6 or with strap
form, as shown in ™ig., 7 as well. The weld seams should
be inspectcd with coloured stains.

/ 7 N\ '-7 \\\\
ni“ :‘ Il /// ///
——N—

Fig.6 Padded form Fig.7 Strap form

2, Shripk fit 1linings
Py this method, we have 1ined uni: cylinders with




a dismeter @ 180C mm, for nigh pressure tube-box of
urea plant, which has a capacity of 800 tons per day,
with 10 mm thick titanius plate.

Plasm welding was employed for joining the plates
and for longitudinal welds of the unit cylinders with
welding by one side and forming by both side. The cy-
lindrical lining shouid be padded with special inner
supporting devices 30 as to control the ellipticity
of the cylinder. The inner wall of the outer shell
should be machined to ensure shrink range. The outer
shell was heated before the shrinkage fit wes carried
out.‘The contact of the inner and outer shells was
satisfactory after cooling down.

3. Surfacing linings

Surfacing linings are characterized with strong com-
bination with the 1l0oad bearing cylinder, high endur-
ance of thermal stress and high fatigue resistance.

For large area surfacing welding, automatic sub-
merged are welding is employed with stainless strip
as an electrode.

4. Use stainless steel 1lining as inner shell for
multi-layer bundle up vessels

The fabrication technology and technical require-
ments are the same with the inner shell of multi-
layer bundle up vessels.

Because different types of steels are used in weld-
ing circumferential weld of unit cylinders and in
Joining unit cylinder and head cover, it is necessary
to perform certain welding test before actual welding
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begins. Fig. 8 is an example showing the circumfer-
tial weld structure and welding procedures in prac-
tical operation.

3
N r ! | ‘r ’
3 |
3 ~|" "
N ———
oy
==k — %
S N 1 =¥
3 —
NMZZIINE =
8°
I (1)-(4) Manual back running
IT Transition layer zone
Fig.8. ITI Rustless layer zone
Circumferential IV Manual carbon steel weld zone
weld joint

V Automatic weld gzone

5. Explosion linings

The linings should be assembled and welded in ac-
cordance with the configulation of h2ad cover. Then
the assembled lining is put into the hesad cover in
the corresponding position and set tight ageinst the
head cover by the method of explosion. The space
between lining and head cover should be made vaccum
during explosion,

6. Hot stamping with titanium-steel clad plate
The semispherical head cover with a diameter of




# 1800 mm for ures plont iz lined witn (6:+5)
titanium steel cl-d plate fitted by direct hot stem-
ping cethod.

After the titanium steel clad plate with a diare-
ter of @ 2850 mxu, is fitted by exvosive forming, the
following inspections are carried nut, i.e. the tight-
ness of contact of layers, the loose area in the
central dead zone, the surface cuzlity of titagnium
3laie, the shearing strength, the bending angle, the
herdness cf the titanium plnte and the metellogra-
phic inspection of the connecting interface. The re-
sults skhow that the tecinnical requirements have been
met.

Yor vesssel linings of urea plonts, n certain smount
of corrosion registant thickness igs required, i,e,
5 am for plate linings measured from the contacting
surface with mediuxz; 3 mm for surfscing, calculated
from the lowest point =2nd 6 mmr for the sealing sec-
tions. "ithin the sbove mentioned range of the thick-
ness, the linings should be corrosion resistant and
in conformation with the technical reguirenents.

The surface of the vessels fabricated of Austenic
stainless steel or clad plate should be acid cleaned
and passivatcd,

ITI. Quality asaurance of the high pressure vessels

The quality of high pressure vessels directly af-
fects the noruel ~nd sele operation of the plant,
Therefore it is the first and foremost obligation for
the manufacturcra to ensure the quality of tneir




products. In our country, in addition to the Safety
Codes for the “anufacture of High Pressure Vessels,
we also have established official supervision depart-
ments to guarantee the manufacture giszlity.

Table 3 shows the organization and functions of
‘quality assurance systems set up in our high pressure
vessel manufacturers to e.sure che p:oduct quality.

The quality assurance system comprises t:uo sec-
tions: quality control and quality iuspwction. These
two seetions nave distinct but different functions.
They coordinate and restrain each other. The system
undertakcs not only the inspection of finished pro-
ducts, but algo the quality control before and dur-
ing fabrication.

The final documents, which are attached to tne
finished product, are the appraisal of the product
quality made by both the manufacturer and related
inspection organizations. It is regarded as a compre-
hensdve reflection of the design, fabrication and
inspection o: the product.

In our country, the final doecuments couprise:s

aP. Quality certificates

b). Detailed records (imcluding lists of materiasls
used, dimension check report, welding report of the
welds, heat treatment report, X-ray inspection re-
port, untrasonic inspection report and sample plate
welding report);

¢). General drawings and main structural draw-
ings of the product;

d). Quality cdrtificates of raw materials

e). Report on any disagreement from the drawings.
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plant
director

necd ot
laboratory

head of
inspection

Table. 3

held of :

technical

seczion
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-+— -- Sample processing
t-——cnrrosion resistant test
i—~—-cnem1cal analycsis
i——-metallograhp1c test
, —aechanical proper ty test

.-.. check of tools, instruments
and apparutus

j—-— ieat ireatment inspection

welding inspection
-~— assemble guality inspection

—- supervision of material marking

i and delivevry

i_. raw material inspectioa
—nondestructive test

i— Dechnical Service to end-users

b qu-ality control ecduccztion,
quality accident information

collection
=}
3 —— compilation of engineering docu-
- ments, engi-neering test when
o necessery
- assegoment of welding technology,
' training and eramination of
f welder=g
. -—-deeign, examin ation and approval ’

of drawinpgs, recommendations
of crlteria
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