Philadelphia Plant
July 22, 1965

O BT ERING CZSERERCE COPY
PROCESS ENGINEERIN NOT FOR CIRCULATION

MEMORANDUM REPORT( PE-65-8:/ RC-23002, BP LATEX - SEMI-HORKS MANUFACTURE

This report covers procedures, observations and results of the BP latex
production canpaign carried out in the 100-gallon semi-works in

Building #77, The campaign was a joint operation by Process Engineering
and Research Engineering. The report was prepared by John S. Prendergast ~
Experimental Operator who had the operating responsibility for Process
Engineering in the campaign. This information has value as a consolidated
record of operations for plant start-up and operéting procedure _prepamtiam.
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PROCESS 'E“v’G’Jﬁfi‘@:ﬁ?l‘f@E& %:?QB?;Q&NRMM REPLRY ¢
FROLESS BNMGINEER ""N £ Be 2

RC-23002, PP 740

D mg th@ pm*m
in Cﬁﬁ]mﬁldmi with the Mows HESIEELORY TRSSarch Qad‘(.b‘\gyg ;
nominal 90=g&13ma ‘batches of | -23002 (RC-B-24582} PP latex in the 100-galiem
8/5 reactor in Building No. 77, This latex wes wade for G vessons:.

a) To produce mm@w 51 Tm the Marshall Develooment Group for we
in their interior wall paint field test program.

b) To give Process Englnsering an opportunity to fami lmmm
‘d:ﬁemsah@:% with the eguipment, process und to mmpam the latax
pmdmad wa‘&n ‘previous batches made by the Research Growp.

I, IESCRIPTION OF BQUIRENT

Ac_ » Reacmr

The veactor is a 100~-galion pmsu&‘@ vessel, rated for 150 psig und is
constructed of 316 stainlsess steel. It is supplied with & All jacket. The
inside dismeter of the veactor is 32 inches and has & streight wall length of
28-578 inches. The mgxtaﬁw is four-biladed, sach blade is 14-1/4 inches long,
1/4 inch wide and 3-3/4 inch 68 high. ‘They are mounted perpendicular o the =
shaft and equidistant- frow esch other. Agitator drive is varisble speed. The
interior surface of the veacior was Wilﬁh&ﬁ to & mmher 7 &mﬁh spproxipately
- @ year and a half ago. -

The dome of the veactov is :awpii@d with a vacmm systen, &W“@%ﬂ?’*@ﬁf‘
vent line, inert gas, vupture vent line containing 2 vwpturs dise rated for 135
psig and various tlamged fittings for the m'&:mdvmima of *m%@m&isa :

;Bj:; . Reactor Jucket

- 'Ehe mactw jucket is supplied with 2 mmuﬁating water “yst@m capulbie
of mamtamning elmost constunt water temperatives througwut the s«sy%t@m. Hot oy
cold water i$ introduced to the systen through a cross at the cow ter of the jackst
and discharges out the top and bottom. . Water leaving the top section. 13 s;,»ﬁw
with some being dischmrgm at a- Y@g‘?ﬂl&?@d vate through a rovaweter T
The remaining water jolns the water leaving ma botteon section md is :;9
¢0 the jacket center.

9

Lo Wﬁ%ﬁi’iﬁ%‘h’. W@ﬁ@g&a Tenly,

teel prossuve wesss =1

e ammer el
¥ ghils vesse] is

rated” for 126 psip mmmted
wpuhe& with the fumz« 3

2o Vg ?l‘m

3. Ripture vent
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The center of the wessel is sxsppnee, with two inspectiom ports located
opposite each other for viewing and wixing of the monomers and duspection of the
vessel, The mttom ‘has a single discharge line conmected to a ‘&m:mmg,ai PATIG o

Do _ Surfactant lieigh Tesk |
‘ Tha sutfac&mt wexgh tank is m opene}mad SSegall@m S{S drm supported

by an angular stand which is mowmted on 8 portable scale. A single discharge line
at the botﬁam of the drum is connected to a. cmtmfwraﬁ, P,

_Eo. P s-__ )
L Mmmr m& Swfactmt Feed Pumps

’ ‘I‘h@ foed pmps used for b@th ‘the monomer md surfactant were a thyse-stags
centrifugal pump manufactumd by Eastewn Pump mepamr (Model 3J34D).

20 mlsific&ti«m Puips

Two types 0f Bastem centrifugal pumps were used during ith@ sevries for the
emnls:.fmatnm of monomer and swfmﬁmﬂ:a

8. Single pa% (@neestage) type D-13, Bastexn cmﬂ:mﬁugaln
_ B 'ﬁmee«pasv {thmewsmge), type BJTmBQDQ Bastem e..enmmfm&llp
| '3 Iimtiamr Raed Pump - Milton R@y
Eo_ Emlsmn Systmu "

: Cmnected to the discharge side of both the monomer and %wf&c‘&mﬁ centrdfu
gal pumps ave a rotameters for controlling the individual fesds of these two SyHLES .
The dischargs sidss-of both-votamsters entér a common 1line which feeds to the inlet
side of the emulsification pump. Two types of emulsion puamps were used during the
series, single stage end three stage centrifugal pumps. Once emdsified, the smilsion
is discharged through a back-pressure relief value to a dip tub& wdsr ﬁhs Tiguid
surface in the macﬁom

G Heait Exzchanggm

&mmxmamly m&my in the sevies, a mn wa%@rmcmieﬁ host m@wmg@f e
placed in the momomer, surfactmnt foed line on the inlet sids of the emilsification
pump. The exchanger was menufactured by the Young Radiator Company nd-is 2 cne-pas
type eontaining 51 tubes, 9 long, 3/16" I.D.  The emdsion was introduced to the
shell sids of the. h@at emh&m;@r with cooling water passing ehmugh the tubeg.

| ‘»:_gla . ?ressm'e Bembs

Small pressuve bmbs wixe used for the, intmdmmw of initistor, o e
hydmide and mnoz.ds 1o the reactor.
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1L, BWMFACE’?JRING PRQ{BBURE»
Ao Pmmratitm md Laa&xlg
-}:ﬁ Reactor

The reactor is rmsed with deiomzed water hefom maﬁ.emals are charged.
Triton 770 znd deionized water are charged to the reactor followsd by the sdditim

of Sodiun Meta B1su1f1te in a water _ tion. It was found that addition of Sodiuwe
Meta Bisulfite mitiats emperature before the addition oF the mmmﬁ
Peﬁﬁl’gte solutmn -».«« _ Frect Gn @ither initiation of the reactwm or product
pﬁ‘@e es;: o

2, nsniimr"wéigh Tank -

The mthry‘l methacrylate monomer and methac‘rylic acid ave pmped inm the
welgh tank using the monomer feed pump. The pressuve in the tank is veduced to
20" Hg absolute by use of the vacuum jets smd the vacuum source shut off. Butediens
is then charged to the weigh tank, while the monomer composite is being recirevlatad.
This is done to gvoid line fwezeaup dus to the vaporization and expansion of the
butadiene. A 10% excess over formula weight of these monomers is ‘charged for the
purpose of pmung the monomer pwnp :

The mnmuex' cmzzposu:e lws been charged to the MORCHSY mxgh tank in ’th@
following Way9° _ ’

a. Under Vacuwz .
b. In a nitrogen atmosphers or '
Co In the nomal method described abnveo

The mmposxt@ has been used immediately afte? charging and also bean 2l lone-
ed to sit- for several days befom bemg usedo None of th@se aff’ected initigtion ow
latex pwopertxesa

3 ﬁmmmm Persuifat:e @ham {Kmtwtmn @mrg)

' "ﬁm Asxmmim Persulfaﬁe is made up m‘t@ a water’ smlmam pmw to being used
and is dmrge‘? by suction to its evacuated bomb. During the course of the camaig,
it was found that this solution was being comtaminated with copper from a copper
line connected to 2 hood aspirator used for theevacuation. The Amonium Persulfote
solution cleavage left in the bomb was sucked into this line forming copper suifars.
Since the removal and replacement of this line pmm@d a problem, . the @hm'g@ 1ine
an& b@mhs wwe ﬂushed with deionized water after its use.

4, _Surfactant Foed

. M excess of 10% over the f@mula wmgﬁﬁ: of Triton 770 and é@mﬁ"g@d water
is charged te the surfactant drum sad stirved with a 5/S paddle: . Single and mulled-
charges of surfactant have beem mda which. had m effect on initiation or product

Wpertmsu 5 _

5, Pu@p P'riming

Prior to priming the mmnmw foed pw;ip o 35 pm N pmmm@ is applisd o
the monomer weigh tank for maintaining a positive Read. ’Ene & MLNCWETS AT mmrﬁ
and circulated for 5 ninutes with the Lightning mizer. This mixing cycle has hesn
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varied from 1-30 minutes with no chenges in initiation or product properties,.
The monomer pump is first primed, with the emulsion pump Op@ratmg in ordsy to
adjust the back-pressure relief valw to stop the vaporization of the butadiene
which would affect the rotameter control of this feed. When this has been com-
pleted, the surfactant feed is started and both rotameters adjusted to their
proper settings. This material is taken off into a container which is Wm;«e& ﬁ;u
the athphere and the emulsion being formed msuany mspectedn

6° ﬁmwmtm Persulfai:e {continuous feed) Cnarge ‘

Bouble the fomula amount of Awnonium Persulfate and deicnized water -
is mlxed prior to use and the same method being employed as used in charging the
initigl Persu.fate selutiono

© Be Nlm_gan Pur&gg end Evacuamcm

. With the: prelmnazy operations completedy the mactor is purged with
,mtrogen for 10 minutes with the agitator off, Hmver, the agitator has besn rim
“during this period to insure good mixing of the Bisulfite, surfactant and water, = -
Scme foam'is creatéd but- this was. overcome by shutting off the agitator, closing
ge vent and allowmg the pressum to rise to 3-5 psig before the evacuation of -
e yeactor. - . : _

. The reactor. is evacuated to 20=ZS in Hg and then bmken m.th Ny to
atmosphenc pressure, The reactor is again evacuated to 25-28 in. Hg and hemn
Foam is created durmg the evacuatmn step hm: the level is wwo

C’ Heat=wp, Imnatwn md Contmmus ‘P‘aed

' The agitator is tumad on and the Speed adjusted. In ﬂnw program, the
agltanm has been varied from 80 rpm o 115 Tpm wi no pmdur:‘o‘: dissimilarity or.
control problems being éw.dento The reactor is heated with 90°C. water mﬁi& the
batch temperature veaches 76°C.An additional rise in temperature of 2-3°C. is
experiented during initial monomer feed. At this tempsrature, the Sodiwm Mets
Bisulfite solution was added on several occasions without any change in initiation
or final product properties. Thé reactor pressure increased from 25-28" g to
14-18" Hg. S5ix percent of the total formula weight of monomey and surfactant is-

‘ reactor containing Sodium Meta Bisulfite, Triton 770 and dejonized
water over a 10-minute period.’ Foam immedistely appears and the lewel initially
rises several feet but begins to decréase to 6" to 8" above the liquid surface as-
the pressure’ increases. In the mmufacture of these batches, this feed was also
introduced at 2 lower temperature, 76 °C. ; requiring 'an adjustment in batch tenpera-
‘ture before adding the initiator, This ﬁas no effect on final product, At the -
completion of the 6% emilsion feed period, the veactor temperature reduced o 76°C.
fron 78°C: dus to the introduction of cool emuision and the pressm'e incressed to

30 35 psig.,

. Initistion | |
. The mxtial daa'ﬁ‘ge of Potussium Pewmfate solution is added to initiste
the yeaction with no adawm@nts in batch temperature bedng *reqmm& The batch
temperature bsgms to rise with a decrease in pressure at- 79 *C., the continwous
feed of emulsion and initiator is begun and m@lmg water i introducsd to the jacket
circulating System at g wgﬁla‘md rate to maintain a desived batch tmpm’sxmmq
Batchies have been mamfacmmd a8t levels over the tempsrature renge 79-83°C. with
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no effect on latex properties. Nowmal continuous feed pa‘rw&s weye 160 minutes.
‘Two batches were menufactured using a 135 minute continuous feed period, both
had high pressures 50=60 psig vs. the more normal 25-35 psig. One batch was AT~
- factured using a continuous 170-minute feed with no waiting period between imitia-
tion and continwus feed.  The initial initiator system was added 8 minmntes after
the start of the emulsion surfactant feed and the continuous initiator feed startsd
2 minutes later, No problems were encountéred with operational control or in the
properties of this latex. All batches in the series initiated but several batches
'expenenoed slugglsh mnuaum due to low. temperature inltxatwno

~ ,Eo, (bntmmm Emulsmn 8§ Imnatmr Feed (160 mins.) -

Pal ngh and low. pressures duz'mg tha firs't 90 minutes of continuous feed
were emneneed throughout the series. High pressure is attributed to the initial
initiation tempsrature which dstemined the veaction rate. The average pressure
.during this period was 25 psig but begins to increase in the remaining 70 minutes
to 35-40 psig (Av.).. ‘The’ temperature differential between the batch and jacket
water temperature is approximately H“Co for the first 120 minutes of continuous
feed and. increases to 20°C: in the rémaining 40 minutes. No trouble was ever en-
comtered in maintaining the desired batch temperature Hawem, during this p@m@d
sevaral pmblems did. developo o :

1. mele on several occasions. was encomtered mth a fomigm matter
holdmg the diaphragm of thelack-pressure relief valve in the emulsion feed line
. open, causing the emulsion to bresk and los$"of control in the feed system. In the
ngputacture of one batch, the emulsion feed was stopped, the. back-pressure relief
valve removed from the Iine and fead resumed, The wntmmus matiat@w feed was
not mterrmted., o :

"2, In m@ther :mstam:e, the rnmmgen pressure m the contintus mitiawn

~ feed bomb exceeded the pressure in the reactor, thereby causing the back-pressure
relief valve to opei, discharging appmxxmately 47% of the total continwus initiator

feed m a. mammuﬁe Jmtervalo _

B 3. Erratlc feed control. was also expenenead due to mgh ma«:‘tm and fesd
tmk pmsms and blocked emulsion dip -tubs.

: Howeverp .the:e was TO defmite change in latex prap@ﬁties due t@ th@s@
difficulties.  These problems were eliminated by the. mspect:mg and cleanmg of the
dip tube and back-pressure relief valves after every third batch. The nitrogen
pressure on the ‘continuous. initistor feed bomb was yeduced 'i:o 10 pmg thmghom:
'thze remaindsr of the semeso : ,

: . Durmg the manufacture of one batch, hngh pmssm*e, sluggish rate of

mactmn, low temperature differential and loss of monomer and surfactant feed on-
trol were experienced, After the completion of 90 minutes of continuous feed,
hydroquinene was added, inhxbxtmg the veaction. ‘The batch was cooled and diseardad.
‘The only variation: c«mtnbutmg to the cause, was that this was the thirteenth maw-
" factured aftey the reactor was cleaned and the reactor coagulum may have contained
song fowxgn matte*r ‘inhibiting the mae:tiom

F. Initzater "Kick” Addltim

. At t:he completim of the moominute continuous feed, the water to the
Jac%cst cxmxﬂaum system is immediately turned off and a small ‘quantity of Per-
sulfats solution is pressure-fod to the veactor to complets the p@lymrimﬁm
“The formula hold period after this addition was extendsd from § minutes ¢o 15
minutes or until the pressure decreasas to 28 psig whichever is longer. This held
period has been varied from 5 te 45 minutss at various pressures with no cheage in
latex properties-
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G. _ Ammonium Hydroxide - Stabilization Step

The ammonium hydromde has been added in several ways with no change in
the fmal pmduct pH.

~ 1, Added to the reactor on and wnder the liqmd surface,
2. Added before and after venting.

Adding the smmoniuvm hydroxide under the surface before or aftex' wentmg
caused foam midway in the addition. Addition made beforve venting ceused an extrems
condition due to vaporization during the venting procedure whether chargsd
below or on top of the surface. -It was found that addition on the su'rface after
venting dnring the cooldom period was. the most practical. ,

Ventmg

o The time le mqued to vent the mactor varied from 2-45 minutes :
depending on the mmm; of foam created during depressurization. It was leamed that
foam created in this cycle can be eliminated by addition of part of the colloids
charge. At atmospheric pressure, the cxrwlaﬁmg system is set for full cooling and
mm additmn is begtm. ,

I, Collm.ds Gmr@_

'xm zemainder of the colloids is charged on the liqmd surfam after the
, additim of tlw NHgOH solution by means of a. pmssure bonb - during the cooldoun cs?ﬂ@o

Jo Post S&abinzatim ' _ , . S
A post stabilization soiutim of Triten x»mo Btylene Glycol and deionized
vater is added ou the liqmd surface over a 30-minute periad while maintaining a
batch temperature of 35°C. At the completion of this additzon, the batch is agm:awﬁ
for an additional 1S minutes and then filtered. : R __
.x, i _j‘_'iés,
Samples of the latex were taken aftex* the additioxx of the colloids and
during the filtration operstion. Evaluation of the 1atex was perf@med by the
Mm'shall Labomtory Bawloxmnt Group.

L mtmtion

Th,a latex is gravity fed to a Vortn»Siv cmtaining 8 loeomsh seYsen.
The time rvequived for the filtration of a drum varied from S to 12 minutes depending
on the viscosity of the latex. Fomm created by the sevation of the latex in the
. Vorti-Siv is almost eliminated by the insertion of a dip tube to the bottom of the
drum from the outlet side of the Vorti-Siv, No pmblems mth filtration were en-
countered thmugiwut the nzamxfactmmg series. » | .

The ccagulma vemaining after. mtratmn ang any mmmmmtable losses
have been equal to or lsss than the 1% formula allowence. Ths: coagmum obtained
thmughcm ﬂw senes was fibrous in stmtm'e
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N, Bqui;_ﬁment Cleaning After Filtr tion

1. Reactor The reactor has been cleaned between batches satisfactorily
g water and high-pressure rotating-jets located on the center
line, at the front and rear of the yeactor or by the use of a
high-pressure hose line, This operation is pex'femd inmdiai:ely
after the completim of the filtration.

2. Vorti-Siv snd Screen - The Vorti-Siv and Screen sre immediately
cleaned using city water at the completion of the filtration.
“Time required for the normal between-batch cleaning was about
one hour

0.. Reactor and Aggtator Oonditim ,

i, Reactor Twelve batches were the most manufactured between reactor-
solvent cleanings., The thirteenth was stopped 90 minutes after -
initiation because of slow and erratic veaction. The entirve.interior
surface of the resctor begins to show a tyansparent coating after
the manufacture of the first three batches. This tyamsparency is
still present on the dished bottom and extends uwp the straight wall

- 18 inches after the sixth batch., The remaining straight wall area
é‘&iﬁ&'}.ﬁ‘%ﬁ“"&mﬁm“ﬁ*& of The previomsly manmfagtred
pe on ‘oam leve previously ture
' After the tenth batch: the dished bottom is coated with
P layer “of coagulum which is no longer transpavent, the straight
- 'wall area extending 18 inches upward from the dished bottom still .
vetains its tramsparent coating, the remaining straight wall ayes
';i: hegvily coaﬁg w%;h magu}ig; thiz ﬁcme aglas t%;g coagum? was -
gimin to L GXpos 8T W 3 cmdlt on Was
' gv d at the end of the thim:eeuth batch.' '

20 .%gtator Shaft - The agitstor shaft af'ter the third batch has a
. Transparent ‘cing extending from the agitator coupling dowmmrd
to the blades. This m‘tmg gradually built up to a2 thiclmess of
oo -inches at the covpling, tapering to e inch at the bottom at
the completion of the se es, . .

3. Blades - The agitator blades throughout the series did not shw any
. @pparent coagulum buildup, Coagulum was present on the trailing
- edges of the blade but was removed mth a stream of h:.gh—pressm water,

P.._Reactos Cleanig‘

" A 5/1 tolusne/isopropanol solvent system dewloped by Reseafdl!ns worked
very well for veactor cleming The reactor is filled to capacity. with

~ the solution and heated to 80°C with maximum agitation and held at this
temperature for four hours. -It is then cooled and removed, - The mctor
is flushed with city water and then rinsed with deionized water. The
interior surfaces of the reactor are perfectly clean except for small
amounts of coagulum around thé seam sectiou, This is removed with ease

bv scraping.
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III. SUMMARY

One 100-gellon snd four 90-gallon batches of BP Latex were made initially
as part of the 34-batch cooperative effort with Research. These batches did not
produce specification latex since the viscosity varied from 670 ¢p 6 4,820 cp without
apparent yelation to measurement of other properties. Samples for la‘&:ex evaluation
by the Marshall Lsboratory Development Group (T. G. Brown) were teken before the '
addition of the post stabilizer and durimg the filtration step (after post stabilization).
The wesults of these analyses are contained at the end of this re It should
be noted that the viscosities cbtained by the Research Group i.r progran for
estsblishing an operating latex formula (RC-B-24852) differed widely from those
obtained by the Process Engineering Group. A mumber of chamges were made in the
process to retum to the process. actually used by Research, These changes lowered the
Teaction pressure but the variability of the latex viscosity still existed. Since
the performance of the latex in the ﬁint being walmted was satisfactory, this
formula was retained. In the remaining batches manufactuxed in the campaign, no
specific correlation of viscosity clwnge with amther measm'e& property could be
noted within the formula. Raw materials were individually cbmged "but had no effect
on the viscosity, The introducticn of the Sodium Meta Bisulfite at the fnitiation
temperature or the addition of Ferrous Ammonium Sulfste in the initial reactor charge
had no effect on the final latex viscosity. It seems likely that viscosity variation
is caused by same unknown varisble, . The principal effect intmdnmed by this viscosity
variability is on handling and not paim: quality, .

Wntm before and after amnonia andloa' defoamey mi.ﬁm, hot and cold
~stabilization of the latex and lower polymerizetion were tried during the campaign.
Ons batch was destroyed due to poor initiation and lu.gh pressure caused by SOMS
unknown ixahibi&atim of the maction.

‘ . The Ramex manufactured in this m except for. the .two batches discarded
was blendsd into two 1,400-gallon latex bat s for use by Sales Development im
Consumer Panel tests. ’ _} S .

IV, CONGLUSIONS

1. ‘Vanability in reactivity mins a pmblem, slow maetivity causes
- high' resctor pressure and sesms to promote foaming problems when
unreacted monamer is vented at the end of the reactmmo

2, Reactivity seems to be affected by feed rates, timmg qualiity of
the EOBOmEY emulsion, temperature, or rew materi

3. "ﬁ‘he present BP formula needs changes im upexating pm&m‘es and
-pn'oduct specification.

§, &Tlﬁlﬁeactor should be solvent clemed before thxck eoagzmm layers
up.

S. Blending latex.of varying viscosities may damen the batch-to-batch
effect particularly since some agmg will be e Iﬁtailed m fxilmg the

(R

 blend tank.

/1L
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