(Ax A Produiti

S5 July 1978

TO: _wderU0clD °
FROM: Norm Brock

Enclosed please find a report covering
the ICI engineering design practices
for equipment handling vinyl chloride
monomer,

It is excellent general information
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{C1 PLASTICS DIVISION ' HILLHOUSE WORKS

AL the request of the Mond,/Plaglice Divianion Lisison Committec on VON Investigation
the following mib-commitiec wan mathblinhod 160 wxchange information on thoe
perlformunce of enginearing vpgttipment ured tor handlipng VM, with particuilsr
rererence o potential leskuges,

Chairman R Drabble ) ' Pplastics Division

. S Natthews " hd
N S Johnson " L
A 8 Monk . " #
R C Taylor - ¥ond Division
¢ Layland : " " .
M L Tucker ” "
% C Ramsdale R .

The discussionsz were basad on the premise that a broad range of agreement could be
reached on the most suitabie equipment, bearing in mind the differing conditions
under which Mond and Plastics plunts operate and without cutting acroas the
various Division and Company Standerds/Codes of Practice,

A11 the reconmendations are aimed &t desirable equipment and practices for fuiure
plants handling VOM which alsd can be uszed to consider improvemenis to existing
plants, or in areus where problems become anparent.

The survey is presented in three parts and covers pipework systems, valves and

fittings, pumps, compressors and special eguipment.

Fart 1 covers nll the equipment discussed, with brief recommendations. Part 2
odvers the general discussion notes and Part 3, leakage data on VoM plants and
a visit report to the HCN plant at Cassel Works.

It {s clear 2T'om the general discussion stages that contact between engineering
personnel of the varjous ULivisions handling similar products is stimsulatine,
rewarding in ideas and information, all of which promote efficient processes, and
improved sufety standardc.

In Lthe case of thn YCM tquipment fnvestiigation Sub-Coumitiee It was soon 2pparent

. thut there ware large areas of common ground and the personal contact brought

about understanding of the various equipment probiems,

This contast must not be lost in the future and VCM egquipment development

_ Programmes of the two Divisions should not be carried ocut in 1solat.ion.

From the attached recommendations there arne inltia]ly two major items, ie
improved glanded or glandless pumps and vaives, each of which require urgent

.development and could f'orm Lhe nucleus of ruture mutval improved eguipment

investixations,

Finally, and as Chairman of the Sub-Lommitiee, ] take the .opportunity of
thanking all the above Sub-Lommitlee menbers for their interest and
contributions to the discussions, the taking of minutez, vigit report writing
and, on the plant, investimation of VCM ievels, Considering the short time
allotted for this tark each of the pursonm:l mvulveci concentrated considerable
time and effort inte its Pompleuon.

R Drabble
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PART 1

VOR FQULIMENT TNV EOTIGATION
(Krief Kecommendations)

Although there have been no reports of serious difficulties with flanged
Soints, it is thousht necessary to reduce jolnts to a minimum wherever
possible by the use of continuously welded pipe.

Pipework should be fabricated to Class 1 standard which include 100%
radiography of all butti welds followed by & hydraulic test,

After erection pipework should be legk tested in accordance with IC!
Specification B8O !'Pressure iesting of erected metallic pipework',

After maintenanee and re—-asaembly pipework should be subjected to a
nitrogen or air leak test using soapy water, again in accordance vxth‘*p

Specification B8O,
X vy il Qanidiier

At present tafted pipe ende should not be used with thin well stainless
steel pipes for jointing purposes. Plastics Division Metallurgist is
currently reviewing taf ted pipe end systens,

Pipework branches should not be less than 1" nominal bore, to avoid
mechanical damage,

frmelo or other compression joints should be avoided if possible and
not used in any circumstances above li" diameter or involving
mulvanised pipe.

All small bore instrument lines which use screwed or compression flttiings
should be attached to an initial 1" flanged branch with a flanged
isolaling valve upstream,

Smatl reliel valves venling pipeiinen subject to liquid cxpunsion muat
nol venl to atmoapherc,

When relief valves are required to venl pipelines, generally >15 m’
capacily, they should vent to a stack or low pressure storage system
and be protected by a suitable bursting disc - NB Risk of freezing.

'Slip ont or veld neck raised face flanges with CAP snakets should be
used,

VCM pipework systems should be sclf drainlng as far as is possible.

Bolted flanges are considered satirfactory to cover electirical
conductivity of pipework systems when fixed to earthed plant structures
and/or vessels.

At the design stape of any pipework cystem a cost comparison should ue
made between carbon stuvel pipe painted and stainless sieel pipe
unpainted, 1o combat externitl corrosion, .

Pipawork ayatema should be c¢learly identified Ly a Ypainted on! coding
system, Gtick on' jdentification tapes are not recommended due to

. evidence of corrosjion under Lhe tapes.
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Q VALVEL .

a2) Hall valves are preferred to lubricated plug valves due to the
lubrication problem and stiffnens in service of the latter, Plastics
Vivisjon prefer Lop entry Wilmoi Rrosdon ball valves because of their
Jivision approved anti=static device and ease of maintenance, Mond
Division will use Serck Audeo and Worcester ball valves which are on
ICI contract and are fitted with Company approved anti-gtatic devices,

Measurements of leak concentrations show that most ball and plug
valves have good gland sealing performance, and there is little to
choose between various manufacturers from this point of view.

b) Gear operated 'Hindle' ball valves have shown in some respects thai they
are more complicated for maintenance and the geared drive iype does not
positively retain the spindle when it is removed and used, albeit
temporarily, as a hand valve.

e) Stainless steel ball vaives should be used for PVC autoclave isolation
to prevent bouy corrosion.

d) Ball valves fitted to all other VC services must have stalnless steel
balls fitted. .

e) YTFE lined plug valves are satisfactory for obtaining goed gland sealing
performance. The preferred type is 'Tuflin'. Plug valves, however, can
become Btif{ to operate in service and work is continuing to eliminate
this probklem. ‘'Durco', a similar type of valve, is not acceptable
because it does not include approved antiestatic device.

f) Packed glanded valves such as the mushroom valves and screw down valves
‘used on the older Plastics Planis, and the control bonnet spindle type,
should be regularly checked and repacked as nece:sary, because they
have been found to exhibit excessive lwaks in service, However, they

. should eventually be replaced by ball valves where pressure and
temper&ture conditions allow.

8) Gate and Globe type valves have proved suitable for use with virgin VCM

: bui are not recommended for general use in FV{ plants, Hesults of tests
iven in Appendix indicate there are leak problems with packed glends
which js a feature of this valve type.

- h) Beliow scaled valves similar to Newman liender and Serck Gloeon, fitted
with back-up packings, are preferred for instrument control applications
and should be considered for all other critical applications.

3) All valves should be manufactured from non-brittle materials, ie forged
or cast steel, to avoid fracture from physical or thermal shock. Cast
iron valves must not be used in any circumstances.

3 BUKBTING DIScs

. a) Bursting discs are not generally a provolem it tne material and type of
carrier are chogsen from I¢) Division or Company standarda to suit the
particular VCM duty.,

K b) bursting discs fitted to critical YCM containing vessels should be tested
cold in their carriers before [itting to a minimum of Yuk of tneir lower
tolerance vursting pressure., it i8 suggestied that wnerever possible spool

pleces snhould be provided to aliow tor easy removal and testing of bursting
disc ussemblies,
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4 SIGHT CLASSES

These are not recommendod and should te nvoides wherever possible. They
are prone to leakage and mechunical damage.

»  CLAMPED TYME VALVES

Valves and instruments which are clamped between pipe flanges are not
recommended and raised face flanged sgquipment should be used.

6 NON RETURN VALVES

These are very rarely 100% effective, especially where build-up problems
are likely to exist., If used, they should be manufactured in carbon steel
or atainleas steel materials. Where aprings are part of the design,

these should in all cases be from stainless steel. The simple flapper or
swing check valve gives the beet reliability and is more effective if
installed in vertical pipelines.

7 . PRESSURE GAUGFS

a} They should puf‘embly be of the flanged type, g 'Budenberg' with
strinlass steel diaphrapgm to IC1 Standard IH301.

b) Pressure gauges should be installed on 1" flanged branches with a
flanged isolating stop valve immediately below it.

c) All pressure gauges shouid be fitted with orifice plates ;
below the isolating valve to restrict flow in the event of breakage,

a FLOW HE'I‘ERS

a) Flow meters should be of the glandless type, Foxboro 'I'arpet 18K or
Bopp und Heuter oval rear, '

b} Orifice plate systems with DP cells are not réeoménded because of the
small bore pipes with compression or screwed tittings attached to tnem
and which are prone to damage and blockage.

4  LINE BLIND VALVES
a) -This equipment needs reguiar maintenance, fregquencies of one month

minimum are recommended to check seals, lubrication and clamping
sffectiveness,

. b) One piece body type valves with renewable seais are preferred; the twow
_ plece body type are not recommended. Current evaluation trials are in
progress to select the most acceptable manufacturer/design.
10 COUPLINGS AND HOSES
, ]) Articulated arms ure preferred- 16 riexible hoges for tanker loading /
unloading, Cam-lock or Fvertite fLuick Releasa couplinge with Viton ‘'A°*
seals give guod leak-free cervice.

b} MNetullic convoluted and hruided tiores ure not recrnmmended.
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¢) Hoses by ‘Compoflex' type 951 with wire whipped resin sealed flanged ends
are recommended, but care should be taken to minimise mocbanical damage.

d) All flexible connections should be purged with Np to a stack or safe aTea,
prior to disoonnection.

RELIEF VALVES

11
a) These should be protected by an upstream bursting disc with the space
between monitored tor pressure,
b) Relief valves snould be vented to a common stack of sutticient height and
diameter, or alternmatively individuaily to a sate area, .
e) Where relief valves vent into a common stack system a downsiream
burating disc should be fitted to prevent corrosion by back diffusion.
.d) It is recormended that al) VCX relief valves are f‘itted with stainless
.atee]l seats and springs. .
12  FIUTERS AND STRAINERS
Fllters manufactured from carbon gteel castings, and fitted with Viton 'A!
. dqint rings give reliable and leak~free sgrvice.
13 PIPE EXPANSION BELLOWS
- Where it is necessary to use expansion ballows, 'I‘eddington or Parsona type :
are recommended, but they can cause difficulties if particles ingress bekind ‘;
the expanzion seals. Particular atiention should be given %0 correct ‘
ins;allation and to instructions regarding the direct;on of flow.
11 SAMILE TOINDS A %
. . !
) a)l It is recommended that the number of sample points be kept to an i
abeolute minimum, alsc the number of samples taken from any system |
containing VCU. .
b} Sample points should de connected to a 1" flanged branch with a 1"
. Tlanged isolation valve, Thereat'ter pipe aizea my reduce to that
" - determined by the sempling mathod. .
15 PUMPS
a) Pumps should be manufactured from non brittle mteri'als.
" b) They should not be fitted with packed glands.
c) Screwed vents or drain points should not be fztted If necessary they
. should be flange jointed, :
d) Preferred pump seals are product flushed Crane 1A, Crane 109 or
Flexibox mechanical seals, in thal order. Ceramic seats are preferred .
to itungsten carbide but sesls fitted with PTFE wedge rings should be
inntalled on a separately sealed shaft sleeve to prevent fretting.
P i e = e o e f
L WeTET ARy (- A TR ' UM e T e = - —
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All pump enal't gscals are prone Lo leak significantly more than any other
gealed equivment such an valve stems, Consideration should be given to
rFlandless pumps, or situating mechanical sealed pumps in the open air.
Ir this ie not pomssible local extraction aystems should be installed,

All pumps should be fitted with double block and bleed arrangements,
both upstream and downstream. N; purge and vent stack connections should
he provided for maintenance purposes.

FRESOURE VESSFLS

a)

b)

.l C)

")

)

&)

)

GAS

a)

b)

All vessels used for containing VCR should be constructed to Class 1
specification.

Flanged branches, minimum size 2" nominal $ore are ireferred to flush
fitting pads with stud or set bolt oonnections.

CAT and raised face flange joints are recommended up to 8" diameter,
above this size consideration should be given 1o spipoted connections
or spiral wound gaskets.

when flusn=fittinzg pads cannot be avoided and the joint broken at fraguent
intervals for process or maintenance reasons, they should be fitted with
helicoil thread inserts which must be regularly inspected and replaced

a8 necegsary. Detailed tralning of craltsmen is necessary to ensure
porrect asgsembly and fitting of studs/set bolts,

All stainless steel vessels should be regularly checked for stress
corrosion cracking of welds in.addition to eny statutory/Company
requirements,

Because of ¢nrrosion prodblems, inspection frequencies of carbon steeld
monomer recovery vesssls (Plastica Division) must not be given
extended {requencies unless carefully considered.

All instrument fittinzs attached to vessals should be subject to a formal
acrutiny at the design stage to check their pressure rating and design.

PVC reactiun vesoels should preferably be fitted with mechanical seals.

HOLDERS

To prevent overfilling, all VCX gas holders should be fitted with high
level alarmsa, and suction control instruments.

The peripheral seal of a.gan holder should not be sllowed to '‘blow',
the bell should be fitted with a dip pipe complete with Tlow alarms end
diacharged to A nute area,

MAINTENANCE FROCEDURES

n)

Jt is clear that improved maintenance procedures in Reneral will invoive
#reater effort by both monthiy/weekly paid stalf, This work should not
‘be allowed to stavnute because of maintenance cuts, lack of available
effort and adequate training at all levels,
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b)

c)

d)

6

Although ineroased scheduled maintenance on pumps, valvaes, plping
and vestela can have advantages, the systom in ,menaral in inclined

to be wasteful in offort. A system of scheduled inspections is
therefore recommended on top of a scheduled maintenance base load,
involving regular monitoring and gus testing of equipment ut fre.uent
intervals.

»

A formal testing of YCU containing equipment prior to handing back to
production department should be carried out. This to include pressure
testing and gas leak testing with soap and water when back in service,

Tideapreisd provision of N» for purging purposes with vent lines to a
common stack or sat's area should be provided to ensure vapour free
ouipment before any dicmantling ia attempted. This, however, is not
alwiys possible and the weuring of breathing apparatus will be
nacaasary in cises of doubt or from experience of certain equipment

types.

Plastics Division often have the fiucility for pipeline and vessel
eavacurtion by meanz of installed vicuum pumps, this is considered &
suitable alternatlve to common stack venting.
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1.3

' PART 2 o

VCit FQULPUENY INVESTIGATION -
{General Discussion)

FLPEWORK SYSTENS
Mond Ceneral

Mond use carbon steel piping schedule 80 up to and including 13", schedule

40 above 14", AX} psi and 20-60°C.

Originally Table E flanges were used

tut un new plants as plant modif'ication ASA 150 flanges are adopted. Slip-

on rlanges with CAF jolnts (unirepped) are stundard.

Small bore instrument

u&") piping ix quite common and patistunetory, using kKrmeto or Brownhalls
rittingus. Where Mond pivinion uee small bore (A") instrument piping with
Emeto or Brownhalla Cittings then the rccommended sat'e practice ia to
mntall a larger rlnnpged valve upgtrenm of any such system to allow

tsalation should leaks develop in the instrument piping.

Liquid expannion

within plant beundaries ir not speciully catered for on the grounds that

amfficient flanres are present which will ‘spring and breathe'.

Qutside

rlant toundariea but within works boundaries any lino containing more than

15 ou ft between valves is fitted with a bursting disc and relief vulve

back to storage. Outside works boundaries any size line which could trap

f vulve., Piping fabrication specitications
No tafted piping is used. It is preferred

that branches on process vessels are not less than 2" N/B; on pipe lires not

less than 1" NK/B., Vessels are to Class 1 standards,

VC is fitted with disc and relie
are Clans 2, ie 10% radiography.

Plaatice Ceneral

f‘lnutics-. also use schedule 80 and 40 carbon steel piping extensively but

aleo have some stuinless atee)l renuirements.

atub fittings, etc, have all been used in the past depending on the
nppliention, CAF {trapped jointa) huve been umsed; all welded lines where

Slipe-on flanges, tafted ends

- possible with trapped jointa where nocessary are to te used on 'Corvic' 8.

Tafted ends will not, in future, be used on stainlesn steel VC lines in view
of cracking prohlems experienced at Runcorn. Small bore piping ir used
extensively on older planis and tend to quickly block due to polymerised VCi.
No general rules on liquid expansion apply, small relief valves venting to '

atmoarhere have been used but are now not generally favoured. Hursting
storapge is recommended. Ermeto oouplings

" gize on MS and stainless piping. Emeto
couplings are not recommended for use with galvanised pipework in any

and Relief vent te low pressure

should only be umed up to the 13

_tircumstance. Piping standards

Testing of Pipework

are Class 1 with 100% radiography.

Up to the present time both nond'and Plasties arrange for full pressure

testing of fabricated pipework i

ncluding a nitrogen or air leak

test after erection., This closely follows the B80 Company standard
covering 'Pressure testing of erected metalic pipework'.

Questioning the nced for more stringent testing in view of VC leaka,e/
toxicity problemy, after some discucsion it was apreed that the Compuny's

standard B8O should be followed.

Further advice is to be sought from

Disc

the hydrosen cyanide and phosgene plants on this und other reluted toples,
ACTION: R C Taylor/s Mautthews/N S Johnson,

Farthing of Pipework

Bond practice ditfers in detajl

from Plastics. Both have ceasea uning

bonded nerons flangen, ithe conmensus being thut the flanpe bolts/stuts

tive adequate enrthing routes,

Plratics earth the plant structure,
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2.1

2.2

23

8

Mond earth individual vessels in addition to the structure, cabling the

" earthing path back tc an earthing point in the owitch room. Codes of

Practice will be consulted before further discussion. -
Painting of Pipework ' |

External corrosion of curbon steel pipework is becoming an increasing
problem on some of the 12 year plus aged Plastics Plants and leaks have
been a direct result. Mond appear to spend & larger propoxrtion of their
majintenance budget on routine painting than Plastics, in an attempt 10
keep the problem at bay, } . .

A ocost exercise on the use of steinless steel piping in lieu of mild steel
viping for all liquid VC lines on *'Corvic' No 8 Plant, and so reduce
routine painting and attendant corrosion problems, shows an increased
capital cost of some £3~-4,000, which ia 8 small increase on an approximate
total plant cost of 3,5M. The exercise was baged on £5/foot for 4" N/B
carbon steel against £7,%0/foot for 4" N/B schedule 10 stainless steel

pipe._ .
VALVES AND FITTINGS

‘Bond CGeneral

" Mond are moving from the use of lubricated Plug valves (typically Audco)

to Ball valves and having tried out a number of makes have decided on
yrice, delivery and mxperience basls to opt forSerckAudces or Worcester
Ball Valve. ''he Runcorn VCM Plant huve very recently had some problaenms
with the Worceetovr valve. Froblems with Hindle geared drive ball valves
have been found, in that the spindle is not retained in the casing if the

-goared drive bridge piece is removed during maintenance and the valve used

in thir stage as 8 hand operated velve., A serious leak of HGC1 occurred on

." an 8" valve when attempting manual operation after removal of the geayed
" drive, ) . , .

Plastics Cenéeral

."Plastics have already installed a iarge number of ball valves and, unlike

¥ond, are not happy with the Worcester valve, which requires ‘iajlor-made’
seats on re-furbishing and this might explain Mond's recent problems, Fire

- safe and anti-static studies have been extensively carried out and the

Wilmot Breedon Ball Valve is now the preferred ball valve; there has been
ovidente of excessive corrosion on carbon steel bodies of WB ball valves at
Runcarn., This is understood, however, to be & fault in the initial material
choice and they are now being replaced in stainless steel, The use of
Tuflin PTFE ooated plug valves is now seriously under consideration for
*Corvic' 8, having been in use on trial for approximately one year on VC

at the Hillbhouse PVL plants.

v

Valve Cland Leaks

.There ia a lack of evidence of whether valve glands leak and if so bj how

wuch. A survey of valve glands and types including pump seals will be
'oarried out on ‘*Corvic' and VC plants to provide bamic evidencs,

.
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Mol VC1 plant instrumeni Section girengly supgrented Secck Glocon bellow:
sealed vaives with & back up packing for une on conirol instrument
applications, Nuwman Header aro ilie gonoral Company standardes and far

los8 expongive bellows gvaled vilve for normal lina valvery, The dosign

of thove valves makop them very uniikely to leak VL, It wan gugpeisted thal
itie Snundors Jiaphragn valve shouid be n pood contendaer ayainst leaks if
suitable djuphragm materials couid ba found, although these bring problems
of flow restriction which is important with the build up problems of
Plastics, in addition to the low pressure rating of these valves and normal
CI construction. iona Division, however, do not support this and would not
use these valves on VCM. Plastics Division use them on low pressure ViM
&ns linez only.

Tuflin valves appeared to have pood design faatures in respect of leakage;
there was svidence of stif'fnesa in operation of Tuflin valves ufter a pericd
of time und thore seemed to bLe some doubt on the fire sale features of the
Tullin, A sugkestion that VC swells PIFE (1_25) is to be confirmed.
ACT(ONs T C Kumsdale.

. Subsequent informition on the special technijues required to fit sleeves

in PTFE lined valves o obtuin & pood meal included softening by heating
or allowing the PTFE to pwell after removing initial wrapping. Some
linera show less creep due to 1nh1bition by fillers such as glass fibre.

Heecaunse both Mond and Plastics have axpsriance of valvas bacoming -
increusingly stiff to operate in service, Welwyn Renearch have been asked
to organise test rig trials with Tuflin valves, after confirming that VCU
swolls PTFE/Teflon. The manufacturers are also to be involved.

It wan unaniﬁoualy agreed that valve bodies should be made from non britile

. material - ie forpged or cust steel and not cast iron.

2.4p

syde

2.4d

Lovels ol Leakape v Yalve Typen (Invebtirutiod Purt JA, »
ACTION: R € Taylor/N S Johnson Caa

Pipe Pittings

a Burating Discs: Plastics seem to have more difficulties with bﬁrsting dines

than Mond, probably becaupsa of build up problems. Divisional standards appear
diff'erent in detail and this iz to be examined (urtiher, . Mond generally test
bursting disc assemblies bafore installation; Plastics only selectively do
this. This is a typical example of one of the main diflerences hetwsen the
two DPivisions} Plantics with batch processss have to change discs, operate
valves, opan pipe lines, etc, much more frejquently than Mond with their
continuous process, .-

Sight Glasses: These are universully disliked and Mond are aiming 1o remove
the very few remuining onea on their plants, Similarly, Plastics are
aiming to eliminate sight ylasses vut again the process consideration on the
o}dcr Plastics plants creaties & bigpger problem in achieving the goal.

Clumpad Valves: There ure some valves and fittings (eg the 'Camflex! valvae)
which clump between pipe {langes using lony studu. Thin type of Titting ia

roen us undesirnble beciuso of the difficulty of muking/maintaining adojuute
Joinis.and the manufacturer's recosmended use of special etud bolt materiul

typeos,

Non Return Valves: The genoral feeling is that only occasionally are NR
vilves of any real valuo because of build up prodlems und their
installution must be carefully considered, Plactica have had continuous

difficulties with Ermeto NR spring devicen fitted in horizontal lines; the
t ntpper t rpo {avonred by most guople work: besat in a vertical line and hence
e neol ur carorul conaideration at the desipn otnge.
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Ys4de Pressure Usuges: It was agreed that the best approach was to install 1%
N/b stubs with valved and flanged ends 40 receive flanged gauges (typically
Mdenberg gauge with S/S diaphragm to TH 301)., This would give a very ’
robust and secure type of fitting. In addition an orifice plate insert
to restrict flow in the event of a breaiage was a desirable leature,
unless build up is suspected, ’

2.4 Flow Heters: In general it was agreed theat glandless meters be used
wherever possible., Typically, Momd use Forxboro Target 183 meters and
. Plastics Bopp & Reuter Oval gear meters, both of which satisfy the
© glandless requirements. Orifice plates with IP cells are not recommended
for VO services because of the small Yore pipes involved and atiendant
screwed or Emeto t'ittings, .

2,4g line Blind Valvas

Plastics generally use Triangle type valves with one piece bodies.
Becently & similar type of valve has been located, manufactured by Hindle
of Leeds which ims to be evaluated in the next few months,

‘The main problem with line blind valves of the Tringle type is the
difficulty in maintaining the *Fluon seats which are not replacsable on
. site. Factory replacement and overhaul costs are approximately 0% the
. , cost of a new valve, ‘ -

Mond have no experience of Line Hlind valves, because their processes
are conveniently covered by conventional replacemant spade sysiems.

C.4h Couplings and Hose Connections
Both Mond and Plastics Division recommend ‘Cam lock® or 'Evertie' types
H . ’ of quick release .coupling, but in all cases ooupling Jointing materisls

: smust be Viton ‘A'. The Evertite coupling has & safety catch which
crmot be released when the coupling is under main pressure.

. - Moml Division propose to inetall articulated ams for all VC tanker loading,
: . these Lo be in lieu of large size (3" und over) fleéxible homes which are
. prone to mechanical dumdge and not 3o manosuvrenble &8 the articulated
LT arms when counectiug to inaccessible points (Mond Ref ~ Hazard and
Reliability Study No 14, 295/5 dated 6 July 1973).

Mond find Compoflex Hose type 951 prone to leaks after very few occasions
of use and it has been found necessary 10 treat the whipped ends with
special resins ~ sea to road tanker connections mainly. '

Plastics use flexible hoces for all VC tanker «ff loading and are 3" nom
bore Compoflex type 951 with wire whipped flanged ends and incorporating
& separate bonding wire within the hose walls, -These hoses have given
satisfactory mervice Bt are prone to damage if not carefully handled.

- The venting of articulated arms and [lexible tanker hesas between
- isolation valves is a potential VC leak area, It is therefore important
that hei'ore breasking any coupling the residual VC bstween the valves
should be swept by nitrogen ta a local stack, .

‘ e VHN"-_.,._ .
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Plastirs Division alco une convoluted stainless steel braided hoveu, up
to approximately ¥" nom bore for conneoctions to weipghed tanks. These
have been found diffiwlt to inspect and predict pin heling failure.

The plani are considering the replacement of this iype hose by Compoilex
95) or alternutively using metered uysntems direct {'rom stock tanks
whenever possible, .

Helief Vulves

At Mond Divimsion all reliefl valves used on VCM services must be protected

by a bursting disc manufactured trrom a suitable material, and all vessels

" or syetems which because of process reasons are difficult to take out of

service uare fitted with twin relief devices. In adultion all spaces

between the discs and relief valves are continuously monitored and tested on

a regular basis. Nearly all Mond plant vents are piped to a scrubber sysiem and
thence to a 200 ft stack. NB: This system covers all vents in a VM

omplex, and dowmstream bursting discs are provided to prevent corrosion

by back diffusion from the common vent system. Sphere reliefs are direct

to atmosphere and considered safe by position.

All new relief valve installations by Mond Division are now subject to

~ apuvroval by a central division authority and reristered at that tige.

In seneral ASME valves Are pretferred in an effort to standardise,

Tlantica Divigion al.ww protect all VC service relie! vulves with bursting
disen, but do not provide twin relief valves, monitorins of' the space between
dircs nnd relie! valvea as covered by sample pressure points, Relief

valves are 1ll individually vented to atmosvhere at the most convem.ent highest
point outuide the plant. '

Reliet vnlvcu aimilar{y to Mond Are subject to approval by a central diviaion
authority bascd at Welwyn Carden City.

Filters and Strainers -
Thesec are very rarely used but should the occasion arise, cast iron
ocongtruction must be avoided and synthetic rubber Joint rings should be
in Viton ‘A‘

Pipe Expansion Bellows '

VC3 and VG4 use Parsons or, Teddington bellows which operate well. Problems
can occur if grit such as curbon obtains ingress into the sleeves, The

units are pensitive to initial eirain on installation and particular attention
mst be pald to 'Flow' direction of the contained produc+,

Sample and Drain Points

¥ond Division uze i" min pipe connections in stainlens steel with flanged
Joints und double Lall valve imwlation, A stundard sample system is also
provided comprisiag a speciully desismed sample bomb (8l% filling ratio max)
which ia fitted ns required inte the pipework zsystem. Venting in to an
encloned system or pump suction point, .

In general, VC wsampling is a recognised pmbler;: area in oonnection with
lexkiage and therefore should be kopt W 4 minimum,
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" ¥C sampling in Plastics Division is not part of the normal process and

therefore dees not call for any fixed systems, On older plants, vent
connections are }" bore mild steel piate reinforced. It is proposed,
nowever, that all future connections of this type should be 1" minimum

‘with orifice plates fitted if considered necessery,

velves (General)

Wedgegate and screw-down Clobe valves are not recommended for use with
VCM, because of leaking packings, jamming end passing. Plastics Division
bsve a special flush fitting mushroom type run off valve fitted to the
outlet of autoclaves on the older plants which is prone to leaks through

. tha valve seat and the packings. These are being ohanged to short

pattem ball valves, and piston valves {Yarway) are to be evaluated,
PUMPS | L

A11 acrewed vent connections and drains from pipes and pump bodies have
been eliminated on new equipment in Mond Division due to the possibility
of corrosion and erosion wear on the plugs and tapped holes. Flanged
woelded on draingvents are now used, Atmosphere vents are not
recoament ed nnd should be |t|.ck vented. :

M¥ond mhke extenaive use of double block and bleecl arrs.ngement on the
upstream and downstream sides of each pump, mainly for safe isolation to
oover individual leaking valves. However, this arrangement is also ideal

" for pump purging when appropriate supplies of Ny and vent facility o a

stack are aleo provided, either permanent systems or the flexihle fplug in'
‘ype.

Mond do not use cast iron pumps and all VOM pumps are fittel with mechanical
seals. Crane type 1A single mechanjcal used (produet flushed) for

. opsrating temperatures of up to 100°C and these have replaeced the Crane

type 109 whenever possible. Generally the 1A seal has 'V'! seats in
Ceramic, Monel or Ni-Resist, PIFE bellowa and 17 m/m piping for product
flushing. Thess assemblies have achieved & working life of one year.

Avove 100°C the type 109 seal ‘has remained in service and must bs fitted
with & replaceable shaft sleeve to prevent wedge ring fretting and it
also requires a backing seal,

Mond Division are investigating the use of glandless pumps for VCM &uties.

" The wechanical ssal leakage datia in part 3 shows tha advmtu.gas to be

- c ot e
’—mr-m TR T g Rt 2 ol -|CErTT T TIERT .  ~—naewe ey

gained.

Plestics Divimion (!'Corvic' 7) use Dureo pumps on VCM with a single, product
flushed, John Crane (American) type 9 mechanical seal mnning on ceramic
stationary .seats,

* Plastics {Hillhoues) use two types of pumps, Haywood Tyl;r fitted with

Flexibox type RRCPQ45~14L produsct flushed mechanical seal and Lee Howl
fitted with Crana type 109 smeals, also product flushed.

Serious lenks are now apparent from various .typea of seals fitted to both
Kord and Plastics pumps. It is therefore clear that whenever pumps are
necessary to any VCM process they must be fitted in the open zir,

AP00015030
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Partics VYOI compreseors on the older planis are fitted with packed
plands and at *Corvic' 7 with 1A mechanical seals which have been found .
to have definite improvements. Similarly to pumpe, compressors should
be fitted in outside locations,

PRFSSURE VESSELS

Mond treiut VCM containing vessels as Class 1 duty and are all of carbon
gteal construction. They nre zubject to the usual pressure tests and
resulnr inspectionn, ‘Pypical duljes are distillation columns, drums,
filters, utorage vezoels etc, No corromion problems have been experienced
and an n result some inspection perinds have been increansed to six years.

Bond prel'ser_ welded-on branches, wminimum sive 2", rather than pads., Joints
10 such branches are CAF such as Klinger 100. It is preferred that all

VC storape vessel connections should have metaflex jointing to cover minor
leaks and the fire aspects,

Similarly Plastics Division use Class 1 vessels both s/s and carbon steel
construction, Raised faced joints are reonmmended up to 8" diameter;
above this size consideration should be given to the use of spiral wound
gaskets or spigoted connections.

For atnmpe vessels, such as on recovery plants, and other general VCY¥
veanels, Plastics Division prefer welded-on branches of a eufficiently
largoe nize to resist mechanical damage. It is easier to ensure tight
Joints with bolted through flanges. Gome corrosion of branches and
veasels hao been encountered on recovered monomer tanks where water and
acids can be present. Hecause uf these corrosion problems inspection
frequencies of monomer recovery vessels (Plastics Division) should not be
fFiven extended inspection frequencies unleos carefully considered.

On autocluve reaction vensels (pnrticularly where problems of build-up
neceaitate rlush mounted bursting dises, run off valves and instruments
etc), Flmstics Division's practice hns been to use welded-in pads with
helicoil thread inserts., Fxtra vigilance is required by maintenance to
. ensure that only studs of the correct material and length are used and that
they are suificiently inserted into the helicoils. Set bolts mre not
recommended but if unavoidable must be of the correct lengtih to ensure
sufficient thread penetration on ihe one hand, and ic prevent ungripped
Joints arising from complete penetration of the bolis on the other hand.
Helicoil inserts must be inspected every two years and replaced as
necessary,.

_Following several minor incidents where leaks of VCM occurred, all
instruments and fittings mounted on pressure vessels such as thermocouple
pockets; pressure transducers, gauges etc, and their associated joints,
pipes and systems are now formally subjected to scrutiny at the design
siage for their ability to withstand pressure.

Plantics use process operated munhole lids on autoclaves of the breech
block type which are sealed usinpg Viton rubber ‘0" rings,

-
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Thorough inspections ure regularly carried out on threads, joints, studs
etc, as well as the vessel, 5Stainless mstesl branches, pads and cladding
are examined for cracks following past experience of stress corrosion
cracking.

Agitators on reaction vessels have, on the older plants, packed glands or,
on newer plants, the preferred balanced double mechanical seals lubricated
using a substance which is compatible with the chemical reaction carried
out in the vessel. The apace between the seal and the abrasive slurry is
continuously flushed with water which passes through a labyrinth into the
vessels. If bearings fall on the seal cartridge then shut off rings are
provided on the agitator shaft to provent major leaks of VQM.

Gan Holders

1

Nond d.o not use gas holders to contain VCH. Plastics use them as buffer

. capacity on the recovery sections. The main cause of leakage is overfilling

which can blow the peripheral water seal. One technique to prsvent such
leaks from affecting personnel is t0 vent via a dip pipe positicned in the
centre of the moving bell which releases gas tc a vent stack, In addition
instrument interlocks and alarms should be provided as an early waming.

In emergencies this will not always be possible because rapid venting of an
autoclave into a gas holder can prevent larger guantities of VCH being
released directly from the autoclave to atmosphere.

EAINTENANCE PROCETURE
Some pmceduréa relating to specific equipment have, where approrriate,

been described in the earlier sections of theso notes, This section refers
to generel matters, .

The main problems were thought to de the following:

_ Practices for Dismantling Equipment that has previously contained VCM

DeBpite the advantages of providing nitrogen purges and vent lines to
stacks or vents to gasholders, those present realised the practical
uncertainty of ensuring slways that all traces of VCM have been removed
from equipment prior tc maintenance especially where trapping can oceur.
In such circumstances, although it is essential to thoroughly purge
vessels, pipes, pumps, valves, etc, prior to maintenance and in many

cases 10 carry out accurate gas tests, there is still a significant
advantage to be gained by erring on the side of safety and using breathing
apparatus for such work. At minimum it was thought advantageous to have

& specified list of jobs where it is compulsory for breathing apparatus

to be wom with options left open for additional jobs based on a judgment
of circumstances ai the time, '

Polyperoxides can form in all VCH containing vessels and equipment,
therefore, before ovening up, all vessels should be decontaminated with
10% HC1 in water and boiled for a minimum period of one hour. No vessel,
purp, pipe or other equipment should be left containing polymerised VC

for :omer than one week without dismantling and cleaning or decontaminated
as awove,
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Maintaining Equipment Leak Free on a Scheduled or other Basis

Neither Mond nor Plastics carry out a high level of scheduled maintenance
on VCM ogquipmenit. Mond rely on muin shutdowns ’t appropriate intervals
for wost maintenance on their continuous plant but have regular schedules
at-shorter intervals for repacking filters, lubricating plug valves etc.
This is supplemented by as-needed maintenance of equzpment that is
provided with stand-by duplicatxon.

Plastics adopt approximately the same procedure for their continuous
recovery sections but, on the batch autoclave sections, tend to carry

out opportunity maintenance and some schedules between batches usually
combined with breakdown jobs. Rather than increase the level of schedules,
it wus penerally thought tc be an advantage to add onto the above existing .
procedures, reguiar monitoring and inapection of equipment, including gas
testg to chuck for leaks bejora they Lecome significant, thus identifying
which equipment in required to be repanirved (le ncheduled innpections).

Any suchoiduled inepections would need to jdentify leaks before they reach

a derined unacceptable level otherwine this technique would result in

-some Jeaksn being repaired only after they had become serious. However,

the method of scheduled inspections is though to have real practical and
cost advantages over extra scheduled maintenunce mainly becuuse, for such
items as pump seals and valve stem leaks, Buch large scatier is expsrienced
in their ssaling performance that it is not practical to regularly maintain
all equipment at intervals prescribed by the worst periormers. Effective
checking/testing after maintenance, prior to hand-over, can eliminate somo
of the latter difficulty and a formal procedure for handing back was thougnt
a.cassaty- .

Because of the recent VC in air problem the implications of the above means
increased maintenance costs and equipment outage on existing plants and
increuned cApitul cost of new plantu,

MEASURFMEST OF VO LFAKS ON VARIOUS EQUIPMENY

Loenkaye concentration fevela of VUM adjacent to various oquipménb were .
meavured at bLoth Mond and Plastics Division plants, 'fhe resulis and
conclusions given suparately in Part 3A, |

]
i

VISIT T0 HCN PLANT AT BILLINGHAM

The conclusion obtained from this visit was that the main method of
preventing personnel from being exposed to HCN is to enclose equipment
in well ventilated cubicles from which air is continuouuly extracted and
discharged bigh into the atmosphere. Strict procedures are adhered to
for entry intc the cubicles which, after obtaining clearance, is always
done weuarings full protective clothing and a fresh air mask with 8 second
man in attendancs. ’
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PART 3A

VALVE MECHANICAL SEAL AND FLANGE LEAKAGE DATA
In an effort to quantify what Leakage rates are being achieved with
different types of equipment, readings were taken on several sites
producing the data as tabulate& below. In the time available it was
not possible to standardize exactly on the method of sampling and
analysis and 1t is recognised that further work in this field is
necessary.
The preliminary results give the following indicatfons.
A. Valves
Ball valves are suitable for most applications although their
Teakage rates vary from site to site. Ball valves that are
used 1nfrequeﬁt1y perform better than those used several times
dafly. Worcester valves have given trouble on the Millhouse
'Corvic' plants and this problem is being 1n9est19ated {ndependently.
Although the Audco lubricated plug valves show 11ttle leakage they
are usually difficult to move due to poor lubrication and are
befng superseded by ball valves.
Wedge gate valves, globe valves and control valves appear to have much
higher leakage rates than ball valves and the conclusions reached
were that more attention must be paid to maintenance of the gland
area. The use of glandless bellows seal valves should be considered
for critical installations. '
Mechanical Seals
The leakage rates were very much greater than expected especially since
in all cases except one there was no visible leakage. 1t 1s recognized
that the design of such seals depends on a fluid or vapour fi{lm to
tubricate and cool but the.leve1s had not been previously known.

One thing {s obvious and that is that the actual rate 1s very small
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and localized since {ts effect soon disappearad within the velocity
of the unit. Obviously ventilication is of prime importance and
special consideration should be given to siting pumping units.

As a result of these findings and from previous work ft was agreed
that the investigation into the use of glandless pumps being

carried out by Mond Divisfon (VC3 and DED} should proceed as

quickly as possible and the results be made available for discussion.
Consideration should also be gfven to providing an external back up
gland and guench with EOC if available to dilute high concentrations
with otherwise satisfactory seals.

Flanges

The readings indicate that leakage from flanges is very Jow. So long
as flanges are correctly made and pipe 1ines tested prior to use they
do not present a problem.

It is good practice to use continuously welded mains both from
economic and leakage considerations. This practice is used on other
difficult duties such as HCN at Cassel and should be extended where

possible.

"~ AP00015035
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