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Preface

The purpose of this manual is +0 serve as an aid to good prastize

in the manufacture of Raylo products, and to previde infermation o
those whe may not be faxmiliar with the natwre of the operaticn. The
material contained herein is the result ¢f beih laboratory research
and plant experience over the years. Acdmittedly, scme of what is
writtea may still be classed as theory, and scme statezentis nay evea
be considered as controversial, There remains nuch to be learmed, The
maoufacture of Kayle products is still 2 relatively new and "green®

p industry. 7This is probably all to the good, because when scmething 4is
no longer green it stops growing and rot begins,

Many, many perscns bave comtributed to ocur tresent state of know-
ledge on the subject. Thkis manual rerresents an effort cn the part of
the author to correlate and integrate the infermaticn available at this
time.

It is not the intention here to describe in every detail, and step
by step, the varicus aspects of a prescrited operation. Ttis has been
done in several manuals written by members of the staff at the Berlisn
riant. Rather, this manual is designed to attemgi to explain why certain
things are dene as they are cr wny certain changes in operation are
indicated.
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Chapter I

omAn
TEZ RATTRE OF XAYLO FRODWTS

Kaylec is 3 registered irade mark employed to specify the hydrous
zalcium silicate preduets manufactured by Owens-Corming Tiberglas
Cerporation. Eaylc is an adjective and should never be used as a ncun.
Marthermiore, 1t should always be casitaliced.

As Just mentioned, Xaylo products fall within the class of materials
xiown as hydocus calecinm silicates. Research over the years has revealed
the existence of 2 large nunber of hydrous caleciv= silicates, but the
majority of these are scarcely more than laboratery suriosities. That
is to say, litile or no use is known at this time for many of these
compoundse

The term= hydsous calsiva silicate denctes a chemical cczpound
composed of Ca0 (lime), Si0; (silica) and Hgo (vater). A specific
hydrous calcium silicate has, of course, definite physical and chemical
properties, The formation of hydrous caleimm silicates can be effected
in one of two ways: 1) Sy ithe reaction of water with previously formed
annydrous calcium silicates, such as ocsurs in the haxdening of portland
cements when mixed with water; 2) The direct union of Cal, S10;, and H,0.
It is this metkcd that is employed in the manufacture of Kaylo produsts.

The two hydrous calciim silicates that are of interest in connection
with Kaylo producis are: tobermorite, having the fermula UCa0.53105.5:H20;
and xcnotlite; having the formula 5Ca0.5S107.H;0. Cther bydrous calcim
silicates can be., and scretines are, present in Kaylo products. 3ut the
majority of these are of an accidental nature, and most are detrizental
for one reason or ancther.

Tobermorite, like so many minerals, c¢an sccemodate varying amcuxts
of other constituents within its crystal structure, This, when controlled,
can be used to an acvantage. More will be said of this later,

Xonotiits arparently shows no tendency to incorporate amy ¥foreign"
oxides within its structuve.

In the formation of hydrous calcitm silicates by hydrothermal methods,
the lime apparently first reacts readily and cezpletely with silica to
form lime-rich caleium silicate gels having variable compositions but
charscterized by Ca0/Si0; ratios in excess of umity. These products
in tura resct with residual silica of the mix to form products poorer
in lime. The order of formation and transformation is believed to be
thus: 1lime-rich gel -=>5Cal.uCal.nHy0—>Ca0.5105.nHo0—=7UCa0,55107 .nEpO~=>
LCa0.55400.5E20 (tobermerite).

To achieve the desired end product in the above progression, it is
necessary to have the proper batch ratio of lime and silica in such form
as to be reactive under conditions of the process, and to permit suffi-
cient time at a given temperature (pressure). If appreciable amcunts of
the intermediate products are present, the ware will show such undesirable
pProperties as: high shrinkages upon drying, purky structure ﬁ‘i lcﬁ A
strength, and/cr high shrinkages at elevated temperatures. 62 0 /’%%



If the bateh ratio of lize to silica is near unity, and Af sufficient
tize i3 permitted &t tecperatiTes and pressures in exsess of adboutr JOOOF
and 52 psig, respectively, the reaction given above will continue as:
uCal.55i0, 5t 0m 5Ca0.55407.H0 (xonotiite). The cozposition of the
inter=ediita product in the trazmsforzation of tobermorits o xonoilite
has not been fully resolved 23 yet. X-ray ciffraciiom patterns generally
show same lines characteristic af the two end mazbers, tut certain other
key lines may be missing. Rslative intensities may also vary. It is
generally the prastice to refer to this intermediate product as “hybridH
materiale. .

The advantage that structures of xonotlite have over those of tobermorito
is higher tezperature resisitancs, A& struciure af the hybrid material is
intarmediate in this respect. )

The possibility still exists, however, that toberzorite is transforzed
directly into xonotlits, and ths hybrid material is in reality & mechanical
zixtuws of the twe. In any case, the affect is the sanms.

As mantioned earlier, tobermorits can take certain other cxides into
its structure. Aliming, 41503, in particular exters tha structure readily.
Woen this occurs to any appreciable axtsant, the transformation of tobermcrite
to xonotlits is retarded grestly; so much so that for practiical purposes
it zay be considsred as preveniing the transformation. DSecause of this,
batches intanded for the production of xorotlita must be {ree of any sube
stantial azount of reactive 41203, COn the othsr hand, tobermorite containing
41203 apparently forms more readily than ths pure compound, and also yields
ware of Ligher gtrengths. However, high tazperature resisiance of ths ware
is decressed roughly in proportian to the amocunt of A1y04. But it is
possible to take advantage af the favorable charactaristics imparted by -
& lizited amount without the temperature resistance being lowersd to a
point that is critical for zost izstallatioas of the product.

The positive identifization of tha various chexmical combirstions or
phases, either desirable or undesirabls, that can exist in hydrous calciua
8ilicate products is not easy or simple. Generally, in other systaems,
products are farmed which are readily discernible by means of the light
ricroscope. Accordingly, optical properties and other characteristics
can readily be determinsd, Becausse the crystallire procucts that are
formed within ressonable tizes by hydrothermal means in ths lime-gilica-
water systez are 80 extremely fine, identification is not possible with
the light microscope. Othar msans, such as Xeray diffrzction and differe
ential tharzal analysis in particular, must be exployed. Less certainty
of positive idantification resulta. PFurthermore, the extreme fineness of
the crystalling campounds results in behavior often more typical of a gel
rather than & crystallins structure. In these cases, the water content
and the distribution af this water throughout the structurs has a distinct
effect on the properties of the product.

Because af the above circumstances, it is the more cazmon practice
t0 attampt carrective mezsures based on certain gssumptions as the cause
of ware being aff quality, rather than on the results of extensive labora-
tary tests. That iz to say, diagnoses are aften mads without supparting
laboratory datas In plant operaticn, tize is all izportant and cures
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nmust be effected in <he shortest possitle tizme. It is not imtenced <o

imply that these assuzrticns are zere guesses and withcut

-

research and plani excerience, It

founda<i
a0 .ﬂulcno
They are made by trained persoznel and are based on the findirg

- s & htres o

s ¢f rast

T4 45 being exghasized that censiderable

art is involved in the manufacture cf Ka2yle troducts, and suscessfal.
operations are largely derendent czon the presence and decisiozs of

rersons thoroughly traipec in the art.
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Chapter IZ

TYPIS CF XAYIO FRODIC

Y e e -

In the rrevious chapter, it was pointed cut that Zaylo predusts
comsist esse...ia_..y of hydrous caleciwx= silicaze. I‘-e TTue ae::s;’y of
these silicates is about 150 pounds per cuhic feot. In fact, the crer-23)
density of <he constituent solids of ¥ayls maverzals is abour <his value,
The aprarent denei+y, whizh is consicerably less, is determined and
controiled by the ratio of water to sol..:is erleyed in rav bateh, 3y
means of tke '“-oper selecticn of amounts and types of asbestos, tcgether
with fusther fiberization, dilcte su:“e':s‘ ons or slucTies are cbtaized
whick do not settle or lose water by bleedizg, P-esc:-ibed treatzent is
alse followed in the hydration of the lize to agsist in obtaining these
stable suspensions.

With slurTies of this nature, the voliz=e of the hardezed body is
serngikly the same as that of the cast slusTy. When ths water is re=cved
by d:-—*-*" frcz the interstices of the solid framewcrk of hydrous calciux
sn.l..ca that has been formed in the process, a procus%t of low aggarent
density resvlts, It is obvious that the higher the ratio of water o
solids in trhe sluxTy, or the greater the percentage of total velmme cone
tributed by the water, the lewer the appa-ent dezsity of +he product after
the free water has been removed by dryinge.

Irasuez as the synthesis of hydrous caleium silicates is imvolwed,
scme water of the batsh becames fixed in ihat it beccxes an integral pamt
of the cempound in question. EBut this ameuznt —erpresents a very ssmall
percentage ¢f the original volume.

The chief rroducts of the Berlin plant are generally comsidered as
being of four types; characierized by two different apparent densities
for each of two different hydrous calcimm silizate cexpounds that con-
stitute the siructure of the product. '

4As mentioned in Chapter I, the two hydrcus calsivm silicates of
interest in ccnnection with Kaylo Froducts are tobermorite, 4Ca0.55105.5Hp0;
and xomotlite, SCal. 58102.820. The todermorite-type prodicts are referred
Tvo witiin the organization is Kayle-10, K-10, or regulax Kaylo. In the
literature Kaylo alone is employed; the preducis being called Kaylo Pipe
Insulation, Kaylo Block Insmlation, or Kayle Core Material. The Pipe and
Block Imsulation have a ncminal apparent deasity of 1l.4 pounds per cubic
foot, and the Core material 20,0 pef, Thus, the two classes of Kaylo-10
products are distinguished from each other by their differencs in apparent
density and their end use.

The Kaylo=10 products of the lighter densiiy are designed primavily
to afford thermal insulation at elevated temperatures up to 1200°F,
whereas the purpose of Kaylo-10 product of ths heavier density is %o
provide a stractural material whose strecgth and fireproof nature together
with its irsulating valus, make it highly dezirable as the core of panels
and doors of sandwich-type construction. The facing nateria.l that 4is
auplied by the customer may be wood, metal, %transite, e

0 1 062 0a&4gl
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Kaylo-20 ware is characterized by having a xczcilivas, SCaO.SSiC'z.:-:zO,
structure. Included are Kaylo-20 Pipe Imsulaticn azd Haylo-20 Zlock
Insulation having a ncxminal apparent demsity of 12.5 pounds per cutic
foot, and E-20 Core Material at 20.0 pcf.

Siz{lar to the Kaylo-1l0 ware, the end use of the Ta7lo-20 products
dictates the production of two different densities., The azvrantage of
Kaylo-20 ware in each case is its higher temperature resistance, the
lizit beinz 1300%F. instead of 1200°F.

The arcarent density of the product in any case is chesen to yield
a material having a hardness and strength demanded iz iis end servite,
or, as isg the case with Kaylo-20 thermal imsulation, is the natuszl result
of the water/solids ratio required to give stable, non-seiiling slusries,
In no case is a higher dezsity employed than is consicered %o be a safe
minimim under the circtmstances,

The strength of both Ea2yle-10 and Kaylo-20 producis excreszsed as
modulus of rupture tends to vary roughly as the square of the density,
For exz=ple, the modulus of rupittre for Kaylo-l0 thermal instvlaticn at
11.4 pef density may be expected to be about 75 psi, and that for Kaylo
core materizl at 20 pcf demsity is likely ¢o be adbout 230 psi;

75 x (20)2 - 230.
(507

A modulus of rupture of about 112 zsi is not urncemmoz for Ezzleo-20 ismsulztion
of 13 pef density, and about 265 psi can be expected for Kaylow20 core
of 20 pcf dexnsity:

112 x (20)2 = 265.
13)

Theoretically, for a given density the Kaylo-20 material probably
should not be quite as strong as the Kaylo-l0 precuect. The reason for
this is that the structure of the former is more coarsely erystalline ard
presenia less area of contact for the cchesive forces. Actually, however,
in ccomercial procduction the reverse tends to be true in respect to modulus.
of ruptire. The likely explanation is that Kaylo-20 materisl, being ccmposed
of crystals of greater size, behaves less like a gel and is more stable in
the drying process. During the drying of Kaylo-lO ware, siresses are likely
to be created and result in incipient cracks which agversely affect the
tensile strength. Compressive strengths on the other hand, are not as
seriously affected by these flaws in structwres, and for 2 given density
are generally higher for Kaylo-10 than Kaylo-20 insulation and cors material,

It should be emphasized that these strength data represent general

values and trends. A pumber of factors greatly affect the sirength. These
are discussed at greater length in a subsequent chapter.

01 062 0293
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Chapter III
FTORMULATICH

’

A mmter of things bave to be taken into consideration in designirg
a formlation for a givern type of Xaylo prodiet., Perhaps of utmest impor-
tance is the combination ¢f prurerties in the end procduct. Azcnz these
for thermal imsulation are: modnlius of rupture, compressive strengih,
hardness, handleability (resistanca to abuse), arparent density, appearance,
shriniage at elevated temreratizes, and thermal cenductividy or "k" facter.
It so happens that the opti=mum or ideal ca=not be obtained for each and
every rroverty, at least at this tize. A sacrifice in oms is frecuently
made to benefit ancther., ZFcr exaxple, the means that have been ecployed
to bring about a reductica in k" factor have resulted in scze loss of
strength. Effcrts, then, are directed toward the attairment of the best
cambination of properties that are possidble, a5 indicated bty cusimer
reactions.

Toe design of a formuiatior is further complicated by the facst that
2 slurTy zust result whick can be handled most satisfactorily by existin
plant methods and equircent. Ixthermore, the formulaticz zust lend itsel?
to the greatest possible sreed of grocessing thwousghout the varicus sters
frem nix t0 iz, Eere agzin a comoromiss rust be made between one or rmore
of the desired properties a=nd the ease or speed of processing, A case in
point: it is known that sh-—inkage of the product at elevated tezperatures
¢an be reduced by exploying less diatececeocus earth and more crystalline
gilica, but it is alsoknecwn that the rate of prehardening vould be lowered
and lenger pericds of attcclaving wonld likely be needed. .

Farther complicaticns are istroduced by efferts to keep bateh costs
as low as possibls, The effects of a substitute material, am additionsl
constituent, or a change iz density, have to be carefully observed azd
analyzed to cetermine if the change has been favorable in respect to speed
of processing, quality of the procduct, and the amount of off-ware. An
addition to batch cost may in effect represent a saving in the long run.

01 062 0893
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Femmulaticn fer Kavle-10 Insula<ion

The follcwing formulation is surently (March, 19859) encleyed ST b
Xaylo-10 pipe covering and block, aza has been in use sisce Decexter, 16
. Weighed Amount Dry Weight

Raw Materdial Poundg) {Founds) Percers
AW amosita asbestos 100 100 3.28
W-3 amosiits asbestos 50 50 1.4
&D chrysotile asbestos 150 150 L.52
uX chrysotile astestcs 200 200 6.56
Quicklims 8L0 8LO 27.55
Tripoli 350 350 1.8
Celatem 850 816 26,76
Clay 100 100 3.28
Ground limestone 2140 250 7.87
Alr=float chromite 100 100 3.28
Wollastonite C-101 100 100 3.28
Tazmol #731 12.5 3 0.10
Totals 3,049 100.00

water - 16’ 830 lbs.

Water/solids = 5,

Molar Ca.(‘)/Sj.o:a -

Factors:

Ca0/quicklime

S10p/Celatem
8102/ tripold

53
77

L
«83
99
U5
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At the tine of writing, there are no basic charnges indicated in this
fermelaticz. There is, however, coztizmuing searcz for ingredients thas
would lower the "k® factor of the procust withcut necessasily taking part
in the cze=ical reactions involved iz the formation of the desired procuns,
If such an ingTedient is found, the zmount exployed in the formilatien will
in all proetanilitly be minor in respect to the lize and siliceous =aterials.,

ArTangezents are underway to conserve the sglurry carried by the water
in the per~ozZic wash-out of the mixers and lines, and %0 retusm this diluted
sluzTy to the batch. It is also proposed to remzs at least 2 significant
porticn of the waste Kaylo material resuliing froxz trim and off-ware o the
batch at the-earliest possible date. Certain adjustments will be made so
that the rroporitions of the solids to each other and the ratio of total
solids to water do not differ from thoge in the formmlation given abovs.

Forzulatica for Kaylo-1l0 Core Material

Given below is the formilation exployed in the zmazufacturs of Kaylo-10
Core Material. It is somstimes referzed to as Hydsate Core to distinmguish
it frem azmother type of EKaylo-10 core producsed earlier,

Weighed Azouzt Dry Weight

Raw Mz<eri {Peands) (Pcunds) Fercent
6D chsysotile asbestos 150 150 L1
LK chxrsotile asbestos 300 30 8.23
Eydrated lime 1,800 1,386 38.02
Tripolds 1,400 1,L00 38440
Celatem 375 360 9.87
Clay | 50 50 1.37
Totals 3,66 200,00

Water - 10,200 lbs.
Watar/solids = 2,51
Molar c.-:.o/i"d.o2 = .82

Factors:
Cao, ted lime = ,73
3102 Calatom - 083
Sioz/tripold. - 99
8102/ Chy - Ohs

01 062.0895
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This formulaticn yields a produxet that is satisfastory as to sirengih,
but the ware is cften suhject %W doying cracks in the process, The ferma-
lation for Kaylo-l0 core material should be the cbject ¢f fiziher study.

The writer feels that mere reinfercing, either asbestos fiters ¢ iha
fibrous wollastenite C-1C1, should be exployed. It ig also felt that an
improved product world resclt under conditicns of practical avteclavTing
c:rcles i€ the molar Ca0/si 10, ratio were to be lovered to abctt 0.75.

~)

It will be cbserved tiat hycrated lime instead of q*-‘w" ime is used.
Thts is done to keep the consistency of ths sluzry low enough for it to be ,
bardled satisfactorily in the casting operation, It would be acrantageots
if quicklize could be exployed. Ejtrate is nore expensive for 2 given Cal
content, detericrates much more rapidly, and recresemts an additiconal raw
material to handle in the plant. Perhaps scms combirstion of asbestos and
wollastonite C-101 can be found that will provids adequats reinfercing and
will comtribute lsss to the consistency of the siuxry, so that qui cV’ i=e
can be used for the Kaylo-10 core formulation,

Formerly, a Kaylo-1l0 ccre materisl that was saticfactery in most resvecis
was rmacde frcm 2 formulaticn in which portland cement strplied mcst ¢f the
lime and silica. It kad been designed to fit izto the Sayreville oreraiics,

which required a very rarid rate of prekardexizg, Early in July, 1657,

cczplaints were received from 2 customer stating that Eaylo-10 core extibited
greater abscrption cf the adnesive in the leminating operation than did a
ccapetitive caleicm silicate core material. Tha charge 10 the above hydrate
formmlation in July 1557, resulted in a material showing considerably less
abscrpticn of glue, and equal to ccopetitive material in this respect,

Formulation for Kavlo-20 Trermel Insuliztion

At the time this ig being wriitan, thers are two schools of thorght in
Tegaxd to the optizm formolaticz feor Kaylo-20 t*‘.e':al insplatica, Both
grouos can rresent data supporting their contentions. Scme feel that the
1.017 molar Cad/Si0; ratio of the formulaticn cicrently employed is too high
for the amount of antoclaving permissabls at presemt rates of produciicn.
Cthers are of the opinion that the great gquantity of excellent wars rroduced
fre= formulatiors having this Ca0/S10, ratic indicates that it is satisfactory.
The writer -is inclined to feel that the 1.017 value rerresents just about
the maximum, and 4{f for scme reascn the ware does not receive the customary
amount of autoclaving (the prescribed time, pressure, and tezperature),
higher than normal amount of shrinlage at 1800CF will likely result. For
this reason, he feels that a molar ratio of about 0.95 would prove more
satisfactcry day in and day out.

01 062 0490
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Following is a formwlatien typical for the production ¢f Xaylo-20
thermal insulation. The actual quantities vary depending tooz the azcunt
of slutzy required for the particular traip of molds to be filled, but
the reltive amounts of the ingredients are held constant:

weight
Bav Material {Peunds) Tarzent
W-3 amosite aspestces 375 13.00
4D chrysotile asbestos 150 5.20
UK chrysotile asbestos 50 1.73
Quicklinme 1,025 35.52
Tripold 1,025 . 35.52
Red iron oxide ’ 1 0.38
. Wollastonite P-1 250 8.65
Totals 2,886 100,00

Water - 13,515 lbs.
Water/solids = 4.7l
Moler Ca0/Si0p= 1.017

Factors:

Ca0/quicklime = .94
Si0p/tripold = .99

It is possible that an ipert ingredient may be added in the futurs
to function as an opacifier to infra-red rays. Kaylo-20 therzal insulation
is designed to serve at temperature ranges where radiation is an important
factor in the conductance of heat. Extremely finely ground zircon is an
example of a material that exhibits some opacity to infra-red. 4 trial
run of Kaylo-20 thermal irnsulation containing 5% of zircon is awaiting test.
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Fermelaticn for Kavlo-20 Core Mater<al

As is the case w'ik Kaylo-20 thermal insuwlation, there is also a
difference of opinion as to the besy =molar Ca0/S.3, for Kaylo-20 core.
The ratio was recuced to .977 from 1.00 iz Pecember 1958 with resultis
that are not too clear cut. It is the writer's opizica that this ratic
is still sczewhat on the high side to be safe for plant procuctioa. In
the current formulation given below, the cozputatiozs are based on a
Ca0 content ¢f 73% for the hydrate. I£ by chance the CaC coxmtent for the
lot actually used was 7L% instead of 73% as found in tke test sa=ple, a
molar CaO/SiOz ratio of .59 would obtain.

The hydrate content is varied in accerd with the amownt of available
Ca0 found to be presext in the test sauples.

The following batch is based on a 73% Ca0 hydrate.
Wei%hed Azmguat Dry Weight

Raw Material Pornds) (Pouxis) Percent

LX chrysotils asbestos 550 530 1k.83

Fydrated lize 1,880 1,LL8 39.06

Tripold | 1,520 1,520 | LQ.59

Red iron cxide 15 '1:5 0.L0

Wollastonite P-l 175 _175 b.72
Totals 3,708 100.00

Water - 10,005 lkhs.

Water/solids = 2,81

Molar Ca0/Si0p = .977
Factors:

Ca0/hydrated lize = .73
S10,/tripold = .99
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Chapter IV
RCLE OF THED VARICUS RAW MATZETALS

Asbestes

The te:m asbestos is not definfiive of any srpecific chemical compound,
It is a gereral term applied to any natural rineral that tends to cocur
in a fitrous form. Throughout the years, varicus mineralg in this fcm
have been tried in Kaylo formulations, but only two, c‘:;'sonﬂa asbestcs
and azosite asbestos, have proved to be satisfactery qualily-wise, o to
be econcz=ically feasible.

Asbestos is employed for two purposes. Firsi, it 15 an effective
suspending sgents With proper fiberizaticn, it is possi.bla to obizin siadle,
non-settlins suspensions of as little as 3 or L% of asbestos in water.

This jacksiraw arrangement of fibers is canable of supporting aad keepizg
other solids frem settling out of suspension in dilute slurries. It makes
possible the creation of the stable suspensions of high water content
necessary for the production of lightweight products by ow present process.

Second, asbestos fibers provide z-e‘““c“c....g They not cnly tend to
prevent cracks from originating, but they also tend to held the piece
together after 2 crack has occurred, The latter ftmction is commonly
referred 0 as hinging.'

As recently as 1939, the role of asbestos as a reinforcing material
was not artreciated, and it was even later that asbestos was uplcyed to
make light density products possible. The fixst hydrous calcivm silicate
products man wactured were of relatively heavy density. They were found
to be subject to severe cracking, and even to disintegration Witk tize when
exposed to even moderate temperature changes, amd to changes in bhumidity,
The cementitlous phase of Kaylo-10 products is essentially toberzorite.
While this compound is erystalline, the crystals are so extremely fioe that
the structure tends to behave as though it were a gel. That is to say,
there is significant swelling or shrinking with changes in moisture content
brought abcut by change in surroundings. Reinforeing in the forn of asbestos
is necessary to stabilize this gel-like structure. On the other hand,
Kaylo-20 producsts are composed of xonotlite. This material is more coarsely
crystalline and the crystals themselves are needle-like, Heavy density
Eaylo-20 products are not subject to the cracking tendency exhibited by
Kaylo=10 ware.

Attenpls have been made to substitute other fibers for asbestos in
varying amounts. Glass fibers of alkali resistant compositions have been
tried and these falled on two counts. In the first place, contrary to the’
behavior of asbestos, they tend to clump and ball-up, instead of becoming
evenly dispersed throughout the slurry with mixing, In the second place,
even the most resistant glasses exhibited an exvelope of altered glass ahbout
the fiber. A4s 2 consequence, a satisfactory bond did not cbtain between -.
the hydrous calcimm silicate and “the unaltered portion of the glass fibder,
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Tiberized bagasse has also been tried witheut suscess. This crganic
material undergoes soze shrinkage in the processing and withiraws frex
intinate contact with the cementitious phase, rencizng it of 1ittlle use as
a reinforeing fiver.

!

Lizited amounts of the fibrous mineral wollastcnite are now teing
used for reinfcrcing iz certadin formulations. More will Te sgid ef this
later.

Chrysotile

Chrysotile asbestos is essemtially hydrous magnesivm silizate of the
same chemical ccuposition as its mother rock, serpeztine. The pure mineral
has the formula 3Mg0.25i07.2820, cut cammercial fibers izvariadly contain
varying amounts of other oxides as impurities. Chrysctile isg rather widely
distributed, but about 60% of the worldls market is supplied by Cazada and
about 20% by Russia.

Most of the chrysotile ccming fram Canada is graded and labeled according
to & uniform system which is universally recognized. The grading system
is arranged to divide seven main groups of ashestos into mcre than twemty-
five grades. Standardization of the various grades is prccduced and madn-~
taired bty regular testing on the Quebec Standard Testing Machize, This
equirment cornsists of a nest of 3 screens and a pan measuring 2i3%x 1L-3/LUx 47
deep, resting on a table which is movable and is driven by aa ecceniric
rotating in a vertical plane at 328 rem. The screea sizes a—e 2, L, and .
10 mesh, respectively. A timing device allows exactly 600 revcluticns per
test. Testing is done on & lé-cunce sample representative cf the lot. The
sample is divided into four fractions by the action of the testing machine.
The weights in cunces of the fractions retained on eack of the three screens
and that caught in the pan are recorded. These weights define the gquantity
of the varicus fiber lengths in the saxple, and in this maxner establish a
certain grade. The greater the propcrtions of longer fiber, cr the greater
the anounts on the coarser screens, the lower the mmber desigmaticn of the
grade. Within the mmerical grade there is also fizther gradation defined
by a letter of the alphabet; the lower the letter in the order of the alphabet,
the greater the proportions of the longer fibers.

Chrysotile fibers tend to be relatively short. The rrice increases
rapidly with increase in f{iber length. Certain grades of long fiber may
sell for considerably more than a thousand dollars per ton.

In Kaylo formulations, grade LK and grade 6D are currently used, The
delivered prices are about $226 and $102 per ton, respectively. The distri-
bution of the fibers in these two grades are: '

On #2 mesh On #L mesh On #10 mesh In Pan

LK o L 9 3
& 0 0 7 9

‘s
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Chrysotile of good quaiity is a soft, yet sirong fider. The individual
fibers of a given grade are in reality bundles of much finer fivers. As
such they have fine "hairs" zoro.-uding from the sices, and tend to exhiti
broomed ends., It is thisg make-up that is Tresponsidble for theix remarkable
ability to stay in suspension, and <o support other sclids in cdilute slurries.
This structize also tends to hold water within it, and impasts non-bleeding
characteristics to a slurry. The difference in structiTe between chrrsotile
and glass fibers accounts for their different behavicr when incerperated in
slurries.

Although the grading and labeling of Canadian chrysctile is rigidly
controlled, there are differences in quality of supposedly the sane grade
fron different scurces, as far as being an ingredient in Kaylo products is
concerned. The various chrysotiles may differ in suspending power, and
differences in inherent strength nay be reflected in dif.erences in sirengih
of the ware. The only means known a% thig time to detect these difflerences
is in the testing of the resulting Eaylo slurries and products. To date no
Canadian cbrysotile has proved as satisfactory as that of J-¥. However, the
search is contirmuing, and it is likely that other sources of suprly will be
found.

The Canadiaz gystem of labeling does not necessarily apply Yo chrysotile
- fro= other countries. As a rule, saxples of the varicus grades zust be
cbtained and attexpis made to clasgsify them on the Canadizn basis before
choices are made for triad Eaylo batches, Lizited anouznts of Vezeztelan
chrysotile have been used with success when blended with J-N material, It
is questiozable that it conld be used to the exclusion of the latier.

As mentioned abeove, chrysotile is a hydrous cozpound. That is to say,.
water ig an integral part of its crystal structure. For this reason it
begins to disintegrate and lose streagih at relatively low temperatures in
term=s of ther=al ingulation. As recently as 1955, chrysotile was the only
type of asbestos exmployed in Kaylo thermal insulations. The demands af the
trade for greater stability at higher temperature, and for reduced thermal
cenductivity, led to the use of & blend of amcsite asbestos with chrysotile
in Kaylo thermal insulation. '

Amosite

Amosite is essentially an anhydrous ferrous silicate. When pure it
has the forzula, Fe0.Si07. Usually there is some MgO in the structure, along
with & 1little Ca0. The fibers tend 4c be very much longer than those of
chrysotile. For the grades used in Raylo batches, a large percentage of
the fibers- are longer than one inch, with scme ranging up to about three
inches or more. Almost all of ths fibers are longer than 3/8%., The delivered
prices at Berlin for these fibers are about $196 to $210 per ton. In com-
paring these prices with that for LE chrysotile, it is evicent that a fiber
of much greater length is obtained at a somewhat lower cost.

Africa is the only important ccemercial source of amosite asbestos.
Each producer, who may buy crude:from many sources, uses his own system of
ncuenclature for the various grades. Aside from fiber length, the quality
of amosite in respect o strength, britileness, gangue content, etc., may vary
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greatly frc= vender <o vendor. Prices for material of the saze gualiy may
also vary ccosiderably. However, it has been found that the guality has
remained cuite comstant of given grades supplied by Nerth American Asbestos,
Prices alsc zave ccrmpared favorably. From what bas been learned, we presently
appear to e in a position of a preferTed custczer of Norih Azmerzcan.

As mentioned above, amosite is an anhydrous coxpound, which meacns,
of course, that it contains no water 38 part ¢f its siTusiire, Partially
for tbis reasen, it can withstand higher temperatures than can chrysctiile
before breakdown begirs. The substizution of axmcsite for chrysotile restlis
in produsts having lower shrinkages at elevated ‘emperatures,

Apother factor in favor of amosite is that lower ®k" factors, particulaxly
at higher mean temperatures, result in the procucis when it replaces
chrysotile., This is believed to be due to the fact that it is an iren
canpound and as such is more effective in blocking infra-red radiaticn,

Scme of the fer»ous iron of the amosite apparently undergoes 2 base exchazge
with the lize of the baich, and beccmes dissemimated throughout the exntire
hydrous calcima silicate structure. That the extire body of the product
beccomes uniformly pink after being smbjected to high tecreratures is evideme
of this. Zaylo products containing only chrysciile rexain white. Just how
much iron azd lizme are involved is not knewn. A siudy of ihis phencmenon
would be most worthwhile., If the amount of lime that takes part in this
reaction is significant, and if this lime is thusg prevented from combining
with the silfca 4o form hydrous caleirm silicate, the true Cal0/Si0, ratdo
may be different from that designed and intemded for the forzation of the
desired hydrous calcium silicate.

t{11 another argument for the use of & certain percentage of the asbestos

as anosite, is the pouring characteristics ixzpaxzted to the slurries. Beirng

a stiffer Ziber, its presence makes for a siur=y less prone to result in
eddies as it is being cast into the molds by present methods. This differ-
ential movexent within the slurry, with one poridon sliding over ancther,
results in slip planes or discontinuities wiilin the ware. On the other

hand, too high a proportion of amosite resuvlts in & Mharsh* slurry which

tends to fold or tear as it is being cast in the mold. These patterns are
carried over into the fintshed wars as defects. '

While high amosite contents may yield & sluz—y that holds the solids
well enough, this stiff and relatively open frazework of fibers may permit
the loss of water by bleeding. Consequently, a blend of amosite and
chrysotile is employed in the production of Kayle thermal insulation to take
advantage of the favorable characteristics of each. However, in a process
that does not involve the holding of the slurry for any length of time under
quiescent conditions, bleeding is not a problex and solely amosite will most
likely be used. This was true for the batch employed in the tubular molding
operation, which was recently discontinued,

It is of interest in this connection, that J-M uses conly amosite in its
process. Since a very dilute slurry, 20 to 25 water/solids ratioc is employed,
harsghness. is not 2 problem. Nor does this siurry remain quiescent. Further-
more, the molding is a press and filter operation, which requires that the
slurry possess 2 high degree of freeness. Thus J-M is able to take full
advantage of the characteristics of amosite in both the slurry and the product.
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The latest survey cof campetitive hydrcus calcivm silicates revealed
that all but J-M Therzodestcs cenmtained a blend ef two types of asbestos.

Only co=ysotile is used for xaylo-10 and ¥avlo-Z9 ccore materials,
This is done %o obtain the optimm pouring characteristics with these
slurries of lower wate:r content.

EFarlier it was stated that only ckrysotile and amosite types of astestss
have been found to be satisfacteory, or to be econimically feasitle.
Crocidclite asbestos gives highly satisfactwory perfermance, bui prices
bave been teco high to permit its use. Like amosite, it comes frem Africa.
In fact, deposits are frequently closely assccisted. It is comonly called
"blue asbestos”, and has the complex formula, Na,0.37e0.Fep03.85102.530.

Wollastonite

Comzments on wollastonite are inserted hese because it is a finvrous
material and is used for reinforcing of the hydscus calciwm silicate in
Eaylc products.

Wollastozite i3 azhydrous mono-caleiuwm sgilicate, Ca0.84i0,. It =3y be
made synthetically, but we are concerned here wiih the patural zineral.
It i3 supplied in several degrees of fineness frcm 2 source io New Tork
State by Gocirey L. Cakot, Inc.-

If w211 be recslled from discussions of forzulations in Chaptar III
that grade C-101l was used in Kaylo-10 thermal i=gulatiozn, and grade F-1
in Kaylo=-20 ther=al insulation and in Kayloe-20 core.

The C-101 grade is a3 relatively coarse material having needle-like
crystals vp to 1/4® 4n length. It is used to replace a part of the asbestos
in an amownt of 100 lbs. for 100 lbs, per batch. It functions solely as
reinforcing and does not coniribute to suspezxsion. Therefore, the azmount
that can be substituted for asbestos is linited. I% has all of the prop-
erties of 2 good reinforcing material, beinpg strong, having good adhesion
to the binder, and being urnaffected by heat up to temperatures far beyond
the 1izmit that either {ype of asbestos can withsiand.

But perhans the greatest advantage is to be found in its low cost,
about $26 per ton delivered, compared with about eight times this amount
for the asbestozs it replaces. At a replacexent of 100 lbs, for 100 lbs.,

a savings of about 810 per batch is realized. Om a typical day, a total
of 28 to 30 batches of Kaylo-10 light density slurry may be poursd. Wollas-
tonite C-101 first went into the batch the latter part of August, 1958.

Both Kaylo-10 and Kaylo-20 core formulatioms at present employ hydrated
lime instead of quicklime in order to keep the consistency of the slurry
low encugh tec permit it to be cast satisfactorily. The writer feels there
is a strong possibility that if quicklime were subsiituted for hydrate,
and wollastozite C-10l for a part of the asbestos, a satisfactory slurry
and as good, if not better, produsct would result. Stiundies are indicatad
on this subject. ' '
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Wide use of wollastczite can be exgected if and when the manufaciure
of specialty items beccmes of conseguence. This especizlly arrlies to
relavively high density xencilite, or Kaylo-20, bodies. Ixgerimental rtieces
of a body ccmposed of SCZ xcnotlite~50% wollastonite C-101 at a density
of SO pef have shown a moaulus of rupture of 390 psi. After heating at
18000F fer 24 hours, the mocdulus of rupture was 220 psi and the maverial
had undergone a shrizkage ¢f only 0.6%.

wWollastonite P-1 is an extremely fine, cr pigment, grade. It
in both Kayle-20 thermal insulation and core batches. ceing of ¢
grade, it is, natvrally, higner praced than C-101, bub still is much chearer
than asbestos. Whether or not it is preferable to C-101l in Kaylo-20 batches
ig still a moot gquestion, and should be resolved sometime, Flant perscnnel
are reluctant to change beczuse of satis{actory experience with the finer
material, It should be mentioned here that no thickening of Kaylo-20 slurries
occuxrs at amy stage prior to autoclaving, so that these slurzies remain in

a fluid state for longer periods than do those of Kaylo-1lQ formulations,
Bleedirg, or loss of water, from the cast ware can be of major cozcern.

This could be a determiningz factor in 3 choice between the finer and the
coarser grades of wollastonite.

Lime

Lizme, of course, suprlies the Cal to coxzbine with the Si02 of the bateh
to forx the hydrous calcits silicate binder. It must be 2 high calcitm lime,
Highly izpure limes, or dolc=mitic lines, containing arpreciable amounts of
magnesia are unsatisfactory. The magnesium silicates which result fom the
reaction of g0 with Si05 do not funcilon as a cementitious material. But
aven worse, the delayed hy<dwration of Mgl to l“.g(OH)z involves expansion and -
Tesnlis in 2 disrupiive force after the XKaylo masgs has set up.

Fortunately, the composition of the product is closely controlled by
reputable preducers, and reasonasbly constant quality can be expected frem
any one source, -

Quicklime

Quicklime is employed iz both Kaylo-10 and Kaylo-20 thermal insulation -
formulations. By means of centrolled conditions of hydration during the
batch mixirg operation, a "fat" lime putty results which contributes largely
to the desired non-bleeding characteristics of the slurry. For this and
other reasons, a very reactive lime is needed. To meet these needs, &
"soft? burpned lime, yet free from excessive amounts of uncalcined limestone,
is required, Many producers cater to the steel manufactiTers who prefer
2 "hard” burned lime. Such limes are not generally suitable. It has been
the experience at Berlin that no readily available lime was quite as satise
i‘;ca;;ory as that produced by warner Company from its Bellefonte, Peansylvania
P te
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Hvdrated Lime

Current.y, hydrated lime is used in the heavier deasity ¥arylo-10 and
¥aylo=-20 core formulations. If gquicklime were 1o be engloyed &n the Fresent -
formulations, the consistencies of the slurries would prove oo high fer
satisfactory handli=g in the casting operation.

Commercial hydrate has certain disadvantages. The deliveres price is
higher for 2 given Ca0 content, and it is mcre susceriible to detericraticen
during storage. Sazall inventories and frequent analyses must be the praciice.
It is hoped that further studies of core formulaticos will result in modi-
fications which will permit the use of quicklime,

Sildea

Twoe forms of silica are used in the Kaylo-1l0 thermal inmsuvlaztion and
core formulations, They are the crystalline tripoli and the amorphets
diztomaceous earth. EKaylo-20 formulation contain only tripoli at ths rreseat
tize, but limited amounts of diatomaceocus earth, up to about 2C% of the
siliceous fraction, have been used in the past. The amoumt of diztcmaceous
earth that can be excloyed in Kaylo-20 formulations 45 limited by its re-
active alimina content. Actually, it was found in laboratory tests wiil a
diztcmaceous earth particularly low in Aly03 that high quality Kayle-20
products were formed more readily when the silica fraction consisted of
60% crystalline silica-40% diatcmapgeous earth than when composed of eniirely
cerystalline silica, But larger shipments of this particular brazd of
diatomaceous earth proved to have higher alumina contents and to be quite
variable in this respect. Consequently, advantage cculd not be taken of
the characteristics shown by the laboratcry sample,

Amorthous silica in the form of silica gel is switable for both Kaylo-l0
and Kaylo-20 formulations, but the cost is much too high for use as a raw
material in produciion.

’

Triveldl

The term tripoli has different connotations in various cowriries and
in the literature. In American usage, tripoli is a mpicrocrystalline quartz,
There are two extensive deposits located in socutherm Illinois and in Avkansas,
Both are being exploited. The material being used at Berlin comes frem tke
former, and is supplied by Illinois Minerals Ccmpany.

While it is in reality 2 quartz, the microcrystallinme structure renders
it much more reactive than ordinary quartz of the same screen fineness.
The delivered price at Berlin is $28.06 per ton for 95% minus 325 mesh,
compared to $15.60 for quartz ground to the same fineness, This represents
a ditference of $2.18 per batch of Kayle-10 thermal insulation, but experience
has shown that the reductions in cylinder time made possible by its use more
than compensate for the added cost of the tripoli. For the autoclaving periods
accepted as standard in plant operations, greatly inferior ware resulis when
quartz replaces tripoli. Or stated differeatly, longer autoclaving is
required to obtain ware of the same quality when quartz is employed.

01 062 0305



1y

ttenpts have been made tc increzse the measiivity of osdinary guaris
by grinding to extreme finemess, tut the reactivily did net approach that
of tripold of 3 $5% minus 325 mesnh fizeness., This exceriesce incicates
that the processing of plate glass grinding wasies te greovide & source of
silica does nct hold great rcromise.

In the ferzulation for Kaylo-lO therzal imsulation, <he trizsli con-
stitutes 3C% of the total silica, In the Kaylo-10 ccre batch, the tripell
accounts fcr apout 79% of the siliceous fracticn.

Celatom (Diztcmaceous Earth)

Celaton is the trade name of the diatcmaceous earth produced f{rem Nevada
deposits by Eagle-Picher Campany. This vendcr selects material frem only
certain siraia and blends it for our unse, Pricr to shimment, each lot is
tested by their guality control laboratory for orgazic matter content, using
the method and standards prescribed by t©s, to assure that the orgazic content
is safely below injurious levels (abomt 200 pr=). This tested and arp-oved
product is labeled Celatom N-370. The resulis of these determinaticns of
organic coztent reach the plant by air mail before the Celatca arrives.

Diatcmaceous earth, cr diatcmite, is the fossiliczed remains of dlatems.
Diatems are misroscopic sizgle-celled aquatic rlants which have the ability
to extract silica frex the water in which they live, and with this silica
build for themselves external skeletonz. Whez the diatam dies, this skeleton
setiles to the boticm and remaing after the organic part of the plazt has
disappeared. Cver ten thousand different types of diatcms have been iden-
tified. HNaturally, thers are great variations in size, shape, surface ares,
bulk density, etc., among the diatcmites, Furthermore, alibough all are
composed for the most part of amorphous silica, they differ greatly in the
amounts of impu—ities or other oxides that they comiain, All of these
different atiritutes have a bearing on the suitabilily of & particular
diatomite deposit for use as a raw materizl in Kaylo formulations,

f 2
Diatazaceous earths other than Celatem N-370 have been given thorough
trials. They bave generally rroved less satisfactory because of lesser
reactivity, or because of variable cosposition frem shirment to shipsment,
In one instance, a vendor's supply of satisfactery diatomite became exhausted,

While knmowledge of the presence of gross amounts of impurities may
eliminate 2 diatemite from further consideration, in many cases it is
pecessary o exmploy it in trial runs in order to evaluate it. Apparently
many factors contribute to its measure of value as a Kaylo raw material,
Certain diatomites, although pure emough and having high surface areas,
do not react with lime as readily as others. Celite from J-M falls in this
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Diatomaceons earth is used in the batch fer two reasons. First, as
an amorphous form of silica, it reacts very reacdily with lime., This property
permits the cast ware to set up.or preharden iz a relatively short time at
temperatures in the neighborhood of 200°F. The preliminary setting or pree-
hardening of the cast ware greatly facilitates the handling of the filled
molds in subsequent operation, and also makes for easier stripping of certain
sizes of ware after autoclaving. Also of inmportance is that scheduling af
the cylinders is far less critical, because prehardened or set ware can
stand for several hours on the floor if necessary before being autoclaved.
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The second reascn for using diatcmite in the bateh is its ceontributien
to the thickening of the slurry, giving it gZre-ter water-retaining and
non-setiling characteristics. I4 is true that ne diatcsaszeous earmdi is
employed in Kaylo-20 formulations, but Kayloe-20 groducts cannot ce made
at as low aprarent densities. The minimum density of Kaylo-20 ware that
is novw practicable in procuction is about 12.5 pef. That is %o say, the
absence of dizatcmaceous earth in the formulaticn zazkes necessarsy ihe use
of slurries of lower water/solid razios.

Since the water/solids ratio of the Kz7lo-10 core slurTy is less than
that for Kaylo-10 thermal izsulation slurTy, less distcmaceous earth is
required to give the same rate of rrehardening and the same wWater-retaining
properties.

Clzvy

It was mentioned earlier that it was advantageous to have a limited
amount of reactive alumina present to enter the strustiure of the hydrous
calcium silicate which censtitutes the body of Kaylo-lO ware. 4 fine grained
ckina clay (kaolinite type) is a mest satisfactery and cozstant source of
reactive alwmina, and the silica of the ¢lay is also reactive. This type
of clay is used in an amount of 3.28% of the soliis in the Kayloe-10 insu-
laticn batch, and 1.37% in the Kaylo-10 core formulation.

These amounts appear to be about the optimi= in each case frcm the
laboratory studies and the plant txials that have been mades Strezgihs
are greatly improved, and low shriziages at elevated texperatures result
in the product. The presence of soxewhat higher guantities of alumizma
resulis in ware showing excessive shrinkage at bizh tezperatures. Thus,
it is essential that the alimina content of the fermulation be closely
controlled. Large variations in alimina content of the diatcmacects earth
fraction render this comtrol most difficult.

Clays other than a kaolin or china clay might be used, but the uvse of
a high grade china clay insures that objectionmable impurities such as organic
matter, sulfates, chlorides, etc., are not a proble=, There is evidencs
that bentonits clays increase processing shrinkage.

Alumina in the form of bauxite is not reactive in the Kazylo process,

Inert Inc—edien

Studies have shown that the inclusion of extremely fine inert ingre-
dients in the batch reduces the thermal conductivity of the product
remarkably. Through the addition of 119 of fine inert materials to the
batch, combined with a change to a blend of amosite and chrysotile instead
of chrysotile alone, the "k" factor at 5S0°F mean of the plant produet has
been reduced about 0.1k from what it was in 1955. It is believed that this
effect is mainly due to the increase in pumber of interfaces between dis-
similar materials encountered as heat flows through the insulation. The
studies have shown that combination of additives is better than a single
inert substance.
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A great nuxmber and variety of materials have bpeen founzi to be effective,
and the ckoice for use in procuction is derendent uton a numcer of factors.
Reguisites for a satisfactory additive of 4his natuiTe are: i. showld be
inert and not interfere with the forrmation of the desired nydrcus calcium
gilicate; the finer the grain size the beiter; infra-red blocking properiles
give an added advantage; it should not izmpart undesiranle color or skade
to the product; it should be preadily available and cheap.

Carpon black is by far the most effective additive found %o date for
lowering "k" factor, but its high cost ancd the darkening it gives o the
procuct rule it out, for the present at least. On the other hand, lizestone
ground to pass 200 mesh is not as effective, requiring 107 a2dditicn to preduce
the same amount of lowering of "k" factor as 2% of carbon black, but it is
by far the cheapest of all of the batch ingredients and does not cause a
color change in the product.

The considerably cheaper ground maznetits, Fe«0;,, has been fouzd to be
almost as effective as ground chremite, Fe(CrOp)p,”but the latter does not
darken the product as much.

As to be expected, there is scme recuciicn in sirengit cf the procuct
as the amomnt of fine inert x=aterial in the baichk increases. Thus in lowerizg
the thermal conductivity by this means, scme strepgth is sacrificed. Conse-
quently, a ccmpreaise must be reached in this matter. The present formu-
lation calls for 7.87% of limestone and 3.28% of chromite for a total of
11.15% of additive. It is likely that 119 of limestone azd LF of chrexmite
ceuld be carried without recucing the strength to a danger point or whers
it would be objectionable to the custemer. A recuction of .03 in ®k® factor
at S50CF mean could be expected. However, the plant experiscced a period
of low strengihs in 1957 while empleying 159 of additive, z=d =ay assordingly
cbject to the return to this much. But the formulation bhes been changed in
several other izportant respects since then which have all cczirituted to
higher strengths, and reoccurrence of the low strengihs of 1557 is not to
be expected. A return to 15% of additives will not be proposed, however,
until it has been first established that a product of more than ample strength
can be made consistently with the returm of waste slurry and of scrap Eaylo
material to the batch. These two modifications to the batch are proposed
for the irmediate future.

Perhaps research will in the future reveal an additive more effactive
than amy now known, and it will not be necessary to employ quaniities to
the extent the strength is seriously affected in carder to obtain "k" factors
that compars favorably with those of ccompetitive materials.

Ground Limestone

As mentioned above, ground limestone is ome of the inert additives
now in the Xaylo-l0 thermal insulation formulation, It is supposedly a
by-product in the lime industry, being too fine for most purposes. Neminally
it is 907 minus 200 mesh, tut most of the grains are as fine as face powder,

01 062 0308
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Althecrgh it is added to the batch to decrease the thermal condussivisy of
the proauct, a cheaper batch results as a tenus. The celivered grice of
the bagged material av 3erlin is only $11 per teon. The average of the
prices for the other ten solids of the formumiztion is 34.778 per cw3.,
while that for lizestone is only $0.550.

The present materizl is a high caleiu= lizestone, but a dolemitis
lizestone would serve as well. The fizeness is the izporzant facioT
this case.

Chrcmnts
e

Iron chremite is the second additive being used to lower the "k" facter
of the Zerlin product. It has the added acrantage of being effective in
blocking infra-red radistion. This particular material is known as aive
float chromite, and is available cormercially, being a baich ingredient
in cextain glass container plants. The delivered price of bagged material
i3 $2.653 per cwt., which is 3till cheaper than the average for the other
ingredients. )

Surface Active Agents

Tamel #73)

Certain suxface active, or dispersing, agents are effective in izcreasing
the fluidity or flowability of a slusTy. Tazmol #731, which is supplied by
Robm and Haas, is of this class, The addition to tke Eaylo-10 insulation
batch was begun on November 10, 1958, It is employed in an amouxt of 0.10%
of the weight of the solids. This addition has proved most valmble in :
imparting excellent pouring characteristics to a shirry that was otherwiss
too thick and stiff to cast properly. The incidence of air holes and folds
has been greatly reduced in molded pipe covering. While it does add $2.3L4
to the batich cost, the saving resuliing from a lower amount of off-ware
more than compensates for this incresse. .

Tamol #731 is 2 new development, and Berlin was one of ithe first cus-
temers. Promise has been mads of likely price reductions in the future,

A satisfactory dispersing agent fcr Kaylo slurries has been the subject
of research for several years., Many have been tried in the past, but their
use was soon abandoned for one of two reasons: either they were foam formers
with a resulting unfavorable effect oz the "k" factor of the ware, or they

caused unsightly staining of the procduct. Tamol #731 has neither of these
disacvantages.

Colo&vg
Red Iron Oxide

A small amount (about 0.3%) of fime red iron oxide is added to both
types of Eaylo-20 batches to give a pink color to the product. This is
done to distinguish the ware on sight from correspondins Kaylo-10 material.

01 062 03C1



Chagter V

RAW MATERTAL SPECITICATIONS

The specifications as given here are not to be considered as being
in final or s:ancdard form. They are actually cczcilations of the prererties
and requisites cf the various raw materizls, made to serve as the bases
for the drafiing of formal specifications.

It shezld be emphasized that cassing a specification based on con-
formance to a limited number of chemical and physical properties is no
agsurance that one material will function as well as another iz Xzylo
formulations. Certain variables can exist that are not easily detected
except by otservations of behavior of the materials in trial runs of batches
containing 4he material in question. The specification feor each ingredient
should contaiz 2 clause stating that it shall grove to be.satisfactory for
use in the production of Kaylo products. Final grounds for acceptance or
rejection of a rarticwlar material should be whether cr not it cozpares
favorably with standard performance in respect to speed of processing ard

to the quality of the product.

No new scurce of any of the batch ingredients should be given final
approval before runs of laboratory and plant %rial batches bave been mads
and favorable results are obtained.

Once a material has been approved, it is one of the furctions of the
Process Cont>cl Engineering Section to concuct the necessary tests in its -
laboratory at the plant to insure that no significsaxnt variation from speci-
fications occurs. It i3 also the responsidility of this group to advise
ag to corrective pmeasures to be taken when the character of material on hand
has changed due to conditions of storage or other reasons.

Chrysotile Asbestos

Chrysotile shall conform to the following requirements and in addition
prove suitazle in plant trizls for the preduction of Kayle procusts.

Two grades of chrysotile are required for the production of Kaylo
products, a shingle fiber and the shorter, stucco or plaster fiber.

The former shall prove to be the equivalent of Grade LK or better in
the Quebec Standard Test; the latter the equivalent of Grade 6D or better.

The vendor shall guarantee that each material is of the chrysotile
variety of asbestos. Optical properties rather thaa chemical analysis are
to be the basis for judgment in case of dispute on this point.

Maximiz imgurities: CL L2098
SQ3 ., .75%

The chrysotile shall be supplied in bags of uniform weight, with the grade
of the material marked thereon. Coxpressed material in paper bags is preferred.

Approved vendors: Johns-Manville 01 062 6 3 ‘@
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Anosite Asbestos

Anosite shall conform to the following regwirerenis, and iz addition
prove suitable in plant trials for the production of Kaylo products.

There is no upiform system employed in the grading of anmosite asbestos.
Generally spealdng the grades of interest consist :re:c::‘:....antly of fivers
longer than 3/8 or 1/2%", apd about 20 or 25% longer thaz 1M,

The amosite sball contain no more than 2.0 of non-fitrous =aterial
preseat as rock or dust.

The chenical camposition shall conform roughly to tke following:
50% 3102, 6» klzo s 37ﬁ ?QO, hw }580, 2ﬂ 8200

Before a new and untried materizl is purchased, representative sa-mples
mist be furnished for comparison with "standard® fibers as to bri ttlepess s
tensile strength, fiber length distributicn, etc.

The amosite shall be supplied in burlap bags of uwniform weight, with
ihe grade and manufacturers name marked thsreon,.

Approved vendors: North American Asbestos Corporatiocn

Pulverized Quicklime

Thig lime shall conform to the following requiremenmts, and in addition
prove suitable in plant trials for the production ol Kaylo sroducts.

Substantially all of the pulverized lime shall pass the No. 20 sisve
and alfter slaking, not more than 1.0% by weight shall be retained oz this
size screen.

Requirements ag to chemical composition on an air dry ba.szs are ks
follows:
When tested at

Plant Place of Mfg,
€a0 Total Min. % oL.5 96.0
Ca0 Availablew Min, % 92.5 93.5
03 Hax. % 200 2.0
¥go Max, & 3.0 3.0
803 . Haz. S 0¢3 003

#4.S.T.M, Designation C25-47 (sugar method)
The lime shall be shipped in paper bags strong enough to withstand
normal handling without bursting. Weight of lime in each bag shall not
deviate more than one pound, plus or mims, from the average weight.

The bags shall be marked, *Pulverized Lime®", and shall also comply
with the A.S.7.M. requirements for marking.

Approved vendors: Warner Lime Company 0 i1 062 031}
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Evdrated Lime

This lime shall conform %40 the fellowing reguirements, and in addiiiicen
~ 2

vy Gocke

Frove suitable in plant trials for the production of Kaylo croductis.

Not more than 1.0Z by weight shall be retained on the No. 30 sieve,
nor mere than 15.,0% oo the No, 200 sieve.

Requirerments as to chem=ical ecoposition on an air &y basis are as
follows:

When tested at

fiamy rlace ol Mfa,
Ca0 Total Min., % 72.0 73.0
Ca0 Available® Min, % 6965 7C.0
283 Max., % 1.5 1.5
Max, 79 2.0 2.0
503 Max. % 0.25 0.25

#A.S.T.M. Designation C25~47 (sugar methed)
This lixe ghall be shipped in paper bags strong encugh to withstand
norzal handling without bursting. Weight of lime in each bag shall not
deviate more than ome pound, plus or mimis, from the average weight.

The bags shall be marked, Hydrated Lime”, and shall also comply with
the A.S.T.H, requirements for marking. .

Approved vendors: Warmer Lime Cexzpany
Trioold

This material shall conform to the following requirements, and in
additlon prove suitable in plant trials for the production of Kaylo predusts.

Evidence must be presented that this silica flour is produced froz a
form of micrecrystalline quastz commoaly known in the U.S.A. as "tripoli”,

Not more than 1% shall be retained on the No. 100 sieve, nor more than
5% on the Nos 325 sieve. At least SOZ by weight shall be finer than 25 microns.

Requirements as to chemical ccmposition on Mas received® basis are:

S10,  Min, % 98.0
Loss on ignition Max. £ 1.0

This silica flour shall be shipped in paper bags strong encugh to with-
stand normal handling without bursting. Weight of contents in each bag
shall not deviate more than one pound, plus or minus, from the average weight.

Approved vendors: Illinois Minerals Company
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Diztomaceons ZTarth

Tbis =material shall conform to the following reguirements, and is
addition prove suitable in plant trials fecr the producticn of Kaylo products.

Not more than 0.1% shall be reiained cn the No. 20 sieve, ncr mcre than
8.C% on the No. 325 sieve.

Requirements as to chemical ccopositicn on "as received! basis ave:

8i0, . Min. % 80.0
Fep0 Max, % L.0O
To RZO Max. S 10.0
Loss on ignition Max. % 9.0
Crganics Max. 200 prar*

*#As tested by CCF method, June 5, 1956 Revision, and exploying coler
standards to be provided by OCF.

This diatcmite shall be shipped in parer bags sirong enouzh o wiilstand
- normal ha=dlfng without bursting. Weight cf contents iz each bag shall not
deviate more than one pound, plus or minus, {rem the average weighv.
Approved grades and vendors: Celatom N-370, Eagle~Picher Company
Clzy -

"This material shall corform to the following requirements and in addition
prove suitable in plant trials fer the production of Eaylo procducts.

The clay shall be the china or kaolimite type, and uncalcined.
It shall be pulverized clay showing no more than 1,0%f on 8 No. 325 sieve,
Requirements as to chemical composition on "as received" basis are:

3108 Bange § 4O to 50
£103 Range § 35 to LS

Si0;#41,0, Min. % 8.0
Loss on ignition ¥ax. % 15.0

The clay shall be shipped in paper bags strong enough to withstand normal
handling without bursting, Weight of comtents in each bag shall not deviate
moere than one pound, plus or minus, from the average weight.

Approved vendors: Georgia RKaolin Company
Kraft Chemical Cempany

3
4
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Limestore Flour

This raterial shall conform to the following reguirewents, and shall
in addition prove to be suitable in plant trials Zor the produciicn ef
¥aylo procducts. :

Extreme fineness is a major regquisite. At 2 given ::-:’.ce creference
shall be given to limestone flour having the szallest particle s:...e. in
any case, there shall be no more than 5% reta:.:.ed oa No. 325 sieve; £0.C%
or more of the limestone shall be finer than 10 micrcns.

Both high caleium limestone and dolcmitis limesteone are acceptable.
Requirements as to chemical composition on fas received" basis are:

CaCO3 or CaCO3+MgCO3 Min. % 97.0
Moisture Max. & 1.0
S10, Max. £ 1.0

Thdis material shall be shipped in paper bags sircng encugh to withsiand
normal handlizg withowt bursting., Weight of ccntemts in each bag shall not

. deviate more than one pound, plus or minus, from the average weight.
P » »

Approved vendors: Warner Lime Coxpany
Iron Chromite

This material shall conform to the following requirements, and shall
in additicn prove to be suitable in plamt trials :‘.‘c:' tke production of -
Kaylo products.

Extreme fineness is a major reccisite. No mors than 5% shall be retained
ocn the No. 325 sieve., A suitable material is that knowa as "Aixr Float
Chrezite®, and is of a purity comparable to that of the chramite employed
as a colorant in the glass container industry.

This material shall be shipped in paper bags' strong enough to withstard
norzal handling without bursting. Weight of contents in each bag shall not
deviate more than one pound, plus or minus, frcm the average weight.

Approved vendors: Frank Samuels and Company

Wollastonite

This material shall conform to the following requirements, and shall
in addition prove to be suitable in plant trizls for the production of
Kaylo products.

The wollastonite shall be the natural mineral graded to give a definite

particle size range. Two grades are of interest. They correspond to Grade
C-101 and Grade P-l as produced:and labeled by Godfrey L. Cabot, Ince

01 062 0314
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Tuds mineral shall be stipred in paper bags sirong enough to withstand
bt normal bandling without bursting. weight of contents iz each bag shall net
deviate more than one pound, tlus or minus, frem the average weight.
Arproved vendors: Codfrey L. Cabo%, Inc.

Red Trozn Cxtde

This material shall be the pigment grade of red ircn cxiie.
dpproved verdors: C. K. Willia=s Cempany

Disversing Agents

4 dispersing agemt to be acceptable must be capable of greatly increasing
the fluidity of Kaylo slurries when azmounts no greater than 0.10% are added,
must not cause the formation of foam curing the mixdng of the slurriss, and
must not result in the staining of the procduct. The standard of perfommance
is that of Tamol #731. :

Aprroved vendors:  Rehm and Hazs Ccomparmy

N\
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Chazter VI

BATCELNG AND MIXTIDG CPERATIONS

The detailed procecures to be followed in ihis step ¢f the rrocess,
and in subsequent coperaticos, are given in a manual prerared by Co T. Siliciood,

and approved by Q. W. Pfeifer, titled "Kaylo Manufactur:ing; Srocess and
Operational Control®™. This manual was issued June 11, 1958.

It i3 the intention here to refer only to the high lights of the above-
mentioned manual, and to offer some further explanation where suck is con-
sidered helpful.

Pormulation changes may be made only upon authorication of the Flant
Manager, It is the responsitility of the Chief Process I-gineer to calculate
the actual quantities of each of the raw materials and the azount of water
required, to specify the temperatuse of the water, and to give detailed
instructions to be followed in the treatment and mixing of 4the i-gredients
of the batch. All of this i3 recorded and rublished on a standard ferm.

Bagged, rather than bulk, rav materials are employed in the batching
operation. Formerly, the Sayreville plant operated with a weighing and
accumulating system for its raw material handling and batching, but exseri-
ences there indicated that the handling of bagged ingredients was to be
preferred, both from the staadpoint of over-all cost and cextrol.

The specified weights of the principal raw materials for the baich are
determined by using an equivalent number of bags. Whers possible, the weight
of a particular ingredient is chosen s0 as to represent scze whole member
of bags. In cases whers this is not feasible, scme sasily defined fraction
of a bag is chosen, It is necessary, of couwse, with this scheme to make
a regular check on the average bag weight of the raw materials as they
received. ‘

I? 2 significant variation is evident, the materizl is isolated, and
means are devised for using it. In stuch cases the vendor 4s advised aad
asked to correct the condition.

The batching and mixing operations begin with the measw-ing out of the
predeternined amount of water at a prescribed temperature into ome of the
two tanks that are used to disperse the asbestos in water. These are cyline
drical tanks with dmpellers located near the bottcm. In the pumping frem
one tank to the other, the suspension passes through a Bauer mill, the plates
of which may be set at a desired clearance.

The batching and mixing to be described is that for Kaylo-10 thermal
irsulation batch because the operation is the most complex. More ingredients
are employed and the recovery of waste slurry is involved.

'
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The amouznt of water used for the baich is deterzined by the zmouzt of
dry solids plus the amount of solids centained in the voliuxme of waste siusry
addec. The volume of waste slurry to be used pex batch is determined by
the quantity that has been collected iz the ©wo salvage tanks (similar but
somewhat smaller than the asbestos tanks), azd the nuzber of batches of
Kaylo~lC 1light density scheduled to be ruz for the day.

The waste slurry is, of course, muck nmere dilute than the baier sliuxty,
since it comsists of the batch remaining in tZe lines and mixers plus the
water used tc wash oul the equipments.

After the prescribed amount of clear water for the batck has been zetared
into the No. 1 asbestos tank, and the Tamol #731 added, a measursd azcunt
is pumped to the No. 2 asbestos tank, and thence to the hycrapulper for the
hydration of the quicklime., This quantity is about four times the weight
of the quicklims,

To the water remaining in the No. 1 tank, a metered amount of ixhe dilute
waste slurry is added, To this tank is then a2dded, all of the asbestos,
the clay, and a halfl a bag or so of the quickii=e going izto the batch.
(Asbestos disperses better in lime water than in straizht water.) These
solids are pul into suspension by the action of the impeller at the bottcm
of the tank a=d puzped into No. 2 asbestos tank through the Bauer zfll runnins
at a clearance of 0.020%,

The treaiment given the asbestos iz the Bauer nill, which is g fiberizing
operation, is varied according to the blend of asbestos beirng used at the
tize and to the characteristics of the final slurTty. If 2 higher cornsistexy
is desgired, or if clogging of the pousizg nozctles is being experienced, the
plates of the Bausr =il] =gy be set closer together, or several passes may be
made through the mill, or bothe Also, if the slurTy is showing abpormal
tendency to bleed, more work may be done on the asbestos by the Baner mill,

While the asbestos suspension is going through the Bauer m{11, the
operator dixps the remainder of the quicklize and the wollastonite into
the hydrapulrper containing the water fcr the hydration of the lize. The
hydragulper is then set to run for about three minutes to thoroughly rmix
the lime and water, and to get the hydration of the lime well urnder way,

After the asbestos suspension has gone through the Bauer mill into
asbestes tank #2, it is pwmped from there to the hydrapulrer on top of the
lime putty. Woen this is complete, the hydrapulper is put in motion and
the diztomaceous earth, tripoli, and additives added., The complete batch
is allowed to mix for about eight minutes,

The hydrapulper is a2 piece of equirment primarily designed for the
production of pulp slurries in the paper industry. The violent action
imparted te a fluid results in very thorough mixing within a short time.
Its action also is effective in further opening of the asbestos fibers.

- Because of this, the bydrapulping period must be controlled, The consistency

of Kaylo slurries increases with.increases in time of mixing in this equipment.

01 062 031m.
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For all of iis effectiveness as a mixer, there may be a disadvantage
in the use of a hydragvlrer. There is a possidility that an undesirable
amount of air is entrapped in the slusTy by the violent acticn. If this
is true, and if these air bubbles are for the nmost part carried through
the process to the finished product, the *k" factor of the ware is likely
to be affected adversely. This should be a subject for study.

Follewing zixinz in the hydrastiper, the slurry is pumred to 2 holding
mixzer, which is a Robinson ribbon mixer. At this point, samples of the
slurTy are taken for determinations of consistency, density, and temperature,

The consistency figure is the value cbtained with eguimsent specially
designed to measure the resistance that a revolving trass cone meets as it
penetrates the mass of slurry. Consistency must be held within certain
defined lizits because of its effect curing the £illing of the molds., A
high consistency causes the sluryy to flow sluggishliy in the molds, resulting
in air holes, slip planes, and pouring folds or tears. Low consistency will
result in bleeding after casting, water veins with subsequent cracks or
separatiors, and shifting within the molds during handling,

The density of tke slurry is reported as weight rer cubic foct. It is
"determined sizply by weighing a2 knowa volrme. Control of slurTy density is
essential in the control of the density of the product. Determinatica of
slurTy density also affords a check on batching as to the solid raw material
weights and quantity of water employed.

All of the pertinent data are obtaired, and recorded at this point.
Departures frcm normal are prozptly reported to the Production Superintendent
and the Chief Frocess Engineer. The latter atiempts to determine the reason
for the departure, and must decide 12 the proper correcticn can be mads, or
if the slurry must be duxmped.

After it hag been determined that the slurry is nommal, it is held in
the holding mixer on the batch floor, witk just sufficient mixing action to
maintain uniformity, until demands on the pouring lines call for it to be
punped to any one of the pouring mixers. There is one such mixer in the No. 2
pouring line (molded pipe covering casting), and there are two'in the No. 1
pouring line (flat ware). These mixers are similar in type to the holding
mixer on the batch floor.

The existence of only one holding mixer is a serious handicap to efficient
operation, since it may be called upor to handle any ome of four types of
silwTies. Scheduling, therefore, is extremely critical inasmuch as it must
be free of any remnants of previous batch of different type at the time the
new batch is ready to be pumped from the hydrapulper. The matter is further
camplicated in that its availability must be tied im with cylinder opening
schedules. ,

Plant personnel have asked for assistance from General Engineering in
planning for additional batch storage facilities. A holding mixer for Kzylo-20
slurries is especially needed, and would be of unestimable value in maling’
for more efficlent operation. Kaylo-20 slurries can be held practically
indefinitely before casting. If storage facilities are-available, mixing
can be done when most convenient on the batch floor and independently of

the cylinder schednlesi 01 062 0312
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The eniire batchk mixing facilities should be the object cf stusy and
ceprebensive planning in view of the greatly increased dezands & pro-
duction. Present batch mixing facilities are essentially the saze as those
that first went into operation on March 12, 1$5L. Mcre than Twice as much
slurry per day ig being mixed now tzan it was then. The ulii=mate capacity
of the systexm under the most efficient oreratiocn was consitered at that tixm
to be about 32 batches per day of the same type ¢f slurry. Not only has
this Mlimii® been exceeded, but the plant has been called ugon on ceriain
days to mix three types of sluzTies instead of oznly one.

The exact manner in which waste Kaylo procucts will be returred to
the raw batch has not been determined as yet, Nor is it known how much of
the material presenily sent to the duxp can be safely irmcorporated iz the
batche.

The quantity of dust that results from the tri=msing, rcuting, and plaming
operations far exceeds the weight of the reject ware. This Kaylo dust is
collected in dust arrestors, and usually amounts to more than 5 tors per
day, or nearly 15% of the weight of the solids that go inito tke Eaylo-l0
thermal insulation batches daily.

Laboratory results thus far indicate that it is 1ikely that +=is =uch
can be returzed to the raw batch without serious degradation cf the guality
of the product. In utilization on a plamt scale, this dust will prcbably
be transferred from the collectors to a tank whers it will be mixed with
water at a definite water/solids ratio. Flans call for two such tacks,
During any one day, the dust and water will be mixed in ome tank, and the
dust~water slurry prepared the previcus day drawn off f£rcm the other as
needed in the batching operation.

01 062 0319
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Chapter V=

FCRMING

Castin=s Method

With 2 forming method dependent wron the casiing of a fluid slustr 40
shape, such as usea for by far the mcst of the procucticn at Zerlin, a great
many of the defects in the finished product criginate at the -o g CT
casting station. The person who perferms the task of £illing the molds is
a2 key figure in determining the quality of the ware., A coansiderable amount
of art is involved at this stage of t.‘-e rrocess. Accordingly, the plant
has generally followed the practice of reguiring that a man "work up" to
the job of pourer, Also, trainirg mazuals, emphasizing the intricacies
of the operation and describing in detail the procecure to be followed,
are available and are required readinz, The Shift Foreman is directly
respopsible for the performance of his pourer and other mezbers of his crew.

In spite of all efforts to obtain uniform perfermance among the crews,
this objective is rarely attained fcr any one month. Quite tyoical is the
record for February, 195%. Of the fous crews, one was responsidle for 36%
of the off-ware, whereas another was chaxged for orly l6%. This high off-
ware crew, which roured a fourth of the production, was charged with mere
than one-half of the ware rejected fer air holes, and had five tises as
much ware lost for this cause than di2 the best of the crews in this respect.

The answer to this prcblem seems to lie in eliminating as much of the
human element as possible in this orerations Efforts ars now being directed
along these lines, as further discussioz will reveal,

There are two pouring lines: No. 1 where all of the flat ware is casti;
No. 2 where only molded pipe coverizs is powred. Current demands for pipe
covering are such that some must al.so be poused on the Noe. 1 line,

The pouring line actually begine at the station where the autoclaved
ware is stripped from the molds. A su=mary follows of the operaticns pere
formed on the No, 2 or molded pipe covering line. )

A tier of filled molds (full car flight) is taken from a train that
has been pulled from the cylinder and delivered by means of a lift truck
to the end of the line, where the ware is gtripped frcm the molds by the
stripping gang of the crew.

Hers the processed ware undergoes its first inspection. A piece of
ware with gross defects is discarded at this point. A report of the ware
discarded is made on the Pour and Strip Recap form which originated when
that particular train was poured and which accompanied that train throughout
the complete process, with all pert.‘.nent data at each step being recorded
therecn. -

.
L]

As the ware is stripped, it is color coded to the proper pouring crew.
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A most significant control check is made by e weighing of a rerre-
sentative sa...:*.:.e to determine its moisture centent. One riece of eackt size
ware in each car is weighed and the weizht recorded oz the Peur -nd Recap
forms. 3y compasing with the pressinted maxizum weight for *dr7" ware of this
size, it is determined whether or mo:t the ware has %o receive su;:;:-e:'e'.‘ary
drying. These cdata are also ezmployed in estadblisting the treper cyiinder
cycles.

It is the praciice i‘o- 2 mexber of the Quali¥ty Ccenircl stalfl to make
spot checks av the siripping station. Eere the s-a.e can be reacily identilied
with a3 specific itrain, cylinder, and crew. Also of majior importance is that
faulty molds responsible for off-ware can be cdetected at this point and taken
out for rerair and/or cleaning.

After the ware has been stripped from the meld, the cavity and core are
coated with 2 mold release. This is an emulsion of about 3% of colyethylen
in a fa:.:“y heavy petroleum oil cempotnded at 4he rlant. The oiling cf tke
molds is perfcrmed by hand, the oiler rubbing a rag that has been dipped
in the exulsion over the surface, All too aften a pocr job is done here.
Incczplete coverage often results, ags does depcsition of excess oil I3 some
parts of the mold. Mechanical applicatioan of the oil would, in a1l preb-

- ability, previde 2 better job at a saving in mecgower. Thisg is one imstance
vhere tbe huzmzn element could be elimimated to an advantage. A rroject for
the mechanical oiling of flat ware molds i3 now on the cdocket of General
Engineering. This should prove to be a sizpler arrangement than the one
which would be required for the No., 2 lize, Follcowing successful installaticen
and operation of the equirment for the flat ware molds, work will undcubtedly
begin on 2 mechanical oiler for the pipe covering mclds.

Followizg the oiling, the sirippers reassemple the melds; that Is,
assure that the end spacers are in place, and reset tke core izto the caviiy.
Thig is done for 2ll molds except those fcr E-segmental pipe covering. TFor
this relatively flat ware the core is inserted by the pot::-e. and bis helper

ter the cavily has been filled with the sln:"'y .

The molds are moved along ths line by 2 chain conveyor. On the No, 2
line the pourer alone has control of the stop and go. KHe exercises this
control by means of a2 pedal at his staticn.

As the nolds move along the line they pass tnder a blast of cozrreased
air befors they reach the pourer. The purpose is to renove locse chips of
old material that invmably fall into the cavity from sides and frames of
the molds, etc. While the present arrangement accompliskes the purpose fairly
well, it is costly to operate. It is estimated that the cost of the compressed
air runs about $800 per month. There appears to be an opportunity here for
more efficient equipment with lower operating costse.

When the molds arrive at the pouring staticn, the pourer adjusts the
rate of {low for the slurry to a speed he considers proper for the size
of the mold to be filled, The slurry is pumped from the pouring mixer through
a hose with a pouring nozzle attached at its end. The pourer coxntrcls the
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rate of flow by adjusiment of an cuilet valve aznd &y regulaticn ¢f 3 varizhle
sreed ruzp. For ware of lessex thickmess he expl gn

long and baving a ncminal slot opening of 3/87.
uses an 8% lorng nozzle with 5/8" wide opening,

2 pouring nezzle

7
- 1Y -
er the thicker ware, he

Tke pourer has instructions to follow a certainz prescribed patterm of
orerztica during the £i11ings, Bui there are, nevertheless, certain Tal i~
atiozns in mode of operaticz characteristics of +the inmdswicuzl, This is,
perhaps, typical of amy field of activity where particuliezs skidills, ccordi-
nation, and pride in the weork being perforzed are cconcermed.

Efforts are in progress toward the develorment of a S length
(approx. 34") pouring nozzle for pipe covering. Ttere is reason to believe
that a nozzle of this nature wonla elizinate much of the human .elezear fxecm
the pouring coperation. Fusthermore, it should recduce the imzidezce cf air
boleg, slip planes, and folds whick oczu to scme exient when the mush
sherter nozzle is employed by even the best pourer.

Fer % ware on the No. 1 line, the pouring nczzle is essentially an
elbow on the end of a 3% diameter hose, having a rectangtlzr share 3t the

_extt of about 70% of the area of that of the hese cpening., Develcmment cf

a Su® leng pouring nozzle is the ai=m in this cases A gang cf tiree zolds
cotvld be poured at the seme time with a noczle of thig length. Hetter
aligment of the asbestogs fibers in the ware should aiso resultl.

As might be suzmised, the first problem to be solved iz the develcmmeznt
of these nuch longer nozzles is that of obitaining and maintaeining wnifern
flow over the entire length. The presence of asbastos fibers in the slurzy
makes the problem more difficult than if a perfectly hcmogezeous fluid were
being dealt with., 7The second stage of develoment will be concermed with
ease cf handling on the line.

Following the £11ling of the pipe covering molds, the over{low is screeded
off by the pourerts helper when he is availabls for the task or by the pourer
himself when the helper is engaged with the hoist in lifting a gang of the
molds off the line onto the car being loaded for entrance into the prehaxdener,
the zext step of the prccess.

The excess slurry that is screeded from the pipe covering molds on No. 2
line goes into a sump and is pumped into the pouring mixer for the No. L
line. There are always scme chips of hardened Raylo material on the sides
of the molds and frames which become loosened during the handling on the
No. 2 line and then fall into the slurry in the su=p. Forzerly ozly flat
ware was cast on the No. 1 line, and the effect of the presence of chips
in the slurry on the flat ware was negligible. But when the praciice was
begun of casting pipe covering alsc on this line, the clogging of the nozzles
with the narrow openings affected both production and the quality of tkhe ware.

It is necessary, therefore, to pass the sump slurry through an atiritioz
mill, such as a Bawer mill, before re-use. The plant is plaaning as arrange=-
ment whereby the sump slurry of both lines is emptied into a tank and then
passed through a Bauver mill to the pouring mixer on either pousri=zg line,
depending on the slurry requirements at the time.
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After the car is loaded wiith the filled molds, it is ihs respensitilisy
of the reurer's helper to mcve the car into the pronardener, In the case
of the fi=st and last cars of the train in schecule, this rerscn records
the tizte of entry on the Pour and Strir Recap ferm. He also positicns an
expTy car after a filled one goes into the preharcener

As prerhaps with any methed of ferming, there are acvanitages and dis-
acvantages inhereat in the methcod Jx.s° discussed,

Am

g e advantages are: The actual casting is rapid; the molds are
:‘.:xp nd
is sim

easily interczanged to meet ue...ancs of production; ferming equirmermt
e and compact; ccoosideranle latituce in batsh formulaticn is possitle,

f 1» 0

The major disadvantages are: The randam orientation of the asbestos
fibers that occurs is not as favorable as fikers oriented gene*al..y in the
planes of the major axes, in respect to "k" factor and to strensth contributed
to the product; the surface is not as hard and resistant to abuse, and of
as unifer= appearance, as that cbtained by certain other methods of forming;

a large number of molds are reguived, and an individual mold musit accomparny
the ware through processing.

Until ..ecently, the casti=z nmethod of forming did pot permit the pro=-
ducticn of secticmal pipe coveriog in sizes greater thaxs that f{er 12% pipe.
The use novw of a dispersirg agent in the baich, and other bateh modificaticns
that have been made, have resulted in ckhanges i_a the pouring c..aracte*‘ tics
of the sluxTy such as to make possible the casting of sectiocnal ware through
23" pipe sizes. The molds, which will be of the nested or piggyback type
to avoid undue waste of space, are not yet available for produstion. When
these sizes do go into production, it will be possible to elizinate all
tri-segzental ware from the standard lins of products.

A disacvantage that has been reduced in significance to a great extent
by the use of a dispersing age=t in the batch and wvhich should be even less
a factor whea full leng"'" pouring nozzles are available, {s the creation of
air holes, folds, and slip planes ia the ware. Air holes detract frem
appearance, and adversely affect the k" factor, Folds slso mer the aprearancs
of ware. Slip planes are discentinuiiies in structure and as such cause
the ware to be more prone to breakage.

There is another defect iz many sizes of present production of molded
pipe covering that is of concern to the plant and to Sales. Too frequently
the ends are not square. When detected the ware is given an end trim by
hand. While ware corrected by this means is acceptable to most custczmers,
it is not to certain others such as the Navy for instance. The Navy has a
specification calling for a length of 36 minus 0", Detection of this defect
in each and every piece is most diffictlt, and occasionally same ware with
out-af-gsquare ends reaches the custcmer and is cause for complaint.

The casting method itself is not responsible for this prodlem, The
specific cause can be one of several. Among these are: Premature and unequal
drying of the ware, thin ware and smzll sizes in particular, while in the
hot cylinder prior to the time that an atnmosphere of saturated stean obtains,
resulting in excessive and uneven shrinkage; excessive bu:.ld-un on, or imzroper

placezent of, the spacers. 01 062 0323
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The length of the mold cavity fcor pige coveraing is only from 35-1/8"
to 36-3/16", Tris does not allow much for in process shrinkage (cf whick
there must be scze to permit stripsing), and .Lc- nd trm, L0 a2 240 leng
finisned riece Witk scuare ends is to be obtained., A%l the tine mest of
the molds were Furchased, several persons, imeludinmg th :.::-ese::t Fla=t
Manager at Rerlin, argued for longer molcs with end trismang of all M.2.C.,
but the decisicn was made to use the sherter lengths. It is generai'y agreed
now that this was the wrong decisicz. The same ms:ake shcull not te mace
again in the design of equipment for a new plant.

Of the various types of imperfecticns that cause reieciion < pire
covering as cff-ware, "broken cormers" has almost always cozstituted the
grea'cest percentage of the total. As would be expected, large secticnal
sizes o. the lesser thacknesses are parti cu.’.arly susceptible to this damage
during strirring and subsequent handlang in the plant. The sizes &" x 1"
ang 12" x 13V are examples. Had molds of greater lengibs been available,
mich of the ware with uamaged ends could kave been saved by end trirming,

In an effort to get out of the difficulty caused by out-of-square ends
without goinz to the very great expense of replacing the preseat zmolds wilh
longer ones, the plant i3 trying out three different thiclmesses of stainless
steel spacers as replacements for the old and thicker black ircn scacers.

The ligktest gauge that will stand tp will be used. The additiczal length
that will be gained is from 1/8¢Y to 3/8". General Engineering has 4he project
for a conveyor to carry all molded pi“e cove:"“" freca the t:"- saws to the
wrap and pack area., On this conveyor all pipe coverinzg will be end trixzmed.
Perpaps some pleces will receive only a "kiss®, but even this would help

some to correct the out-of-square ends condition.

Routing of Billets

As the size of pipe covering decreases below that for 2" pipe, difficulties
are experieaced in forming it by the method discussed above. A major diffi-
culty lies in the tendency of the thin cores to deform duting repeated runs,

Accordingly, small sizes of pipe covering are now made at Berlin by
cutiing rectangular billets frem flat ware, trisming outer surfaces to give
a he:n:.-cy._::"":.”a.x. shape, and routing to the desired inside diameter

This ware has a rough and unpleasing appearance, and is more susceptidble
to breakage than cast ware. For these reasons, there are gserious objections
to it on the part of some customers, and absolute refusal to buy by scme.
From the standpoint of manufacture, the routing methed is a costly and wasteful
operation. Flans are to abandon this method of forming if and whea the
method discussed below proves successful,

- Boutine of I.D. in Solid Half-Rourd Billets

This method inmvolves the casting of solid half-round bil ets and then
form pipe covering by routing out the irnterior to the proper inside diameter,
Thus the exterior has a cast suxface and presents the same appearance as the
other molded pipe covering being produced. Obviously, much less material
is wasted in routing to the interior dimensions only.
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The plant has demozstrated with
can be procuced successfwlly, In principle 1
with a scaiioped insert. Such an arrangement can be £illed in the same
manner as a £lat ware nola. :
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Studies are in progress at the plarnt ¢z izmprovements that will zake
for easaer stritoing, handling of the ware, ets. 3Zut cf major concerz is
the design and builcding of routing and trissing eguipment for billeis of
this nature., General Ingineering has this project on iis docket.

ter having inspected a sazple riece of ware that had had the I.D.
routed by semiemechanical means, Sales personnel have been pressing fer
the earliest possible production dazie.

Vertical Castine or Trhrlar Moldine

Fer the past few years, and until Jaceary 21, 19959, certain s=all} sizes
were cast and prehardened in tubular form by means of criginal eguipzent
develored for ithe purpose.

The use of this equirment was discontimued 25 the result of conclusions
" reacked in a stucdy of the ecortmics involved.

There are three reasons why aa unfaverable econcsic picture was chtained:
l. An abpormally high percentage of off-ware resultea for productica over
extended pericds of time; 2. Maintenance costs were high; 3. The equipment
was designed primarily for demonstration, and not for prodzciion; accordingly
only a single bank of molds was available for use. .

Conditions L and 2 above resulied because super-atmosrheric pressures
were involved. Elevated pressures werse exployed to reduce cycle tixes and
increass rate of production per mold cavity. Bub in go doing the problem
of maintaining seals and preventing leakage, day in and dzay out, becaze a
major one. A leak could be responsible fo loss of slurry from the mold,
and for boiling and blow-ups in the ware. Also because elevated pressures
wers involved, control and proper balance of pressures and texperatures
throughcut the system were critical. For exzmrle, if at any stage the temper-
ature of the ware was such that the vapor pressure af the water within the
ware exceeded the pressure being exerted exterrzally on the ware, the ware
would crack or blow up.

When the equirment was in good repair, and the preper cycling, temper-
ature, and pressures were in effect, ware of excellent quality was produced
and the percentage of off-wars was exceptionally low. During the periocd
it was in production, its behavior was similar to that of the little girl
of nursery fame, "When she was good, she was vary good; but when she was bad,
she was herrid."

Previous experience with vertical casting at the plant should not rule
out further consideration of the-method with certain modifications, Perhaps
the use of elevated pressures is hot feasidble for production equirment.

It may be better to cast slurries at temperatures near the boiling poimt
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of water into vertical melds, maintain this temperatuse in the cast piece
by means of hot water circulating arcuznd the mold and througs~ the core,
then eject the tubular plece after it nas hardened sufficienily for safe
hancdling, Equirment would be much sizpler and easier %o conirol than the
former arrangement. Certain persons within the organizaticn have scxze
definite ideas on a process of this pature. Pabeco Caltemp is made iz all
sizes by 2 scmewhat similar method, so the princirple is not zew and untried,

The acvantages of amy vertical casting- prenardening-ejecticn method
are: low mold inventory; and the fact that the mold does not ascempasy the
molded piece through the cycle; witk resuliing savizgz of autoclave space
and of heat that would otherwise be used in heating the mold steel.

Press and Filter Method

A press and filter method is exployed by Johns-tanville for the pro-
duction of Thermobestos., In this process a2 very diluite slusry (water/solids=
apprex. 18 to 20) is moxed at a temperattre of about 165°F and then semt
to tanks whers the slurry is heated by the injecticn ¢f live steam to abous
200°F, and maintained at this texperature until & desired gel sicucturs is
obtained (2 to 3 hours). By the addition of the condensate frcz the stean
exrloyed in heating the water/solids ratio of the gelled sluxTy at the end
of the gelling period is about 24 or 2% to l. This slurry is then reacdy
for the molding operation.

Al each press statiop there is a tank to receive the azount of sliry
required for the piece being molded. The exact volume of slurTy being
received is determired by a probe for level control. This amount of slurry
is then pressed and filtered in an elaborate mold at a pressure of 75 psi
to the desired size and shape. Through the loss of water by the press and
filter action, the water/solids ratioc in the molded article is about 5 to l.
Since the solids are in a gel state, the molded ware possesses congiderabls
cohesion and "green® strength.

(Details af the J-M process is contained in the report, " Johns-Manville
Thernobestos Flant Visitation", prepared by R. S. Graai, July 10, 1958.)

The agvantage of this process is that it produces a product having
excellent properties: low "k" factcr, high strength aand resistance to abuss,
dimensionally true, and pleasing appearance. Also, because of the high state
of mechanization, little of the human element is involved.

The disadvantages are:
1. Offers little flexibility as to formulation; workable
formulaticn is costly.
2. Formation of a gel of required properties is eritical.
3. Molding stations are expensive and space consuming,

- 4o Customer servicing is of concern because of the amoust
of labor and tize 'required to make a mold change.
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Cther Methods That Merit Further Study

varying extexnts in the plant laboratory ana at the reseaxrct lzboratcries,
Certain ones, such as ceatrifugal casting, and coatinucus prehardening

e =

forming, do not seem to merit further study for one reason cr azother.
On the other hand, results with others have been sufficiently sremising

e e e

to afford reasons for further study. Among these are: Pilter rress methed

- —

(Denry); extrusion of prehardened and plastic bodies to shape (similar to
the forzing of clay pipe); pressing of prehardenmed light density f£lat ware

to cecre material densiiies, Undoubtedly ideas as to other methods will
occur as tize goes on. .

A mumber of other methods of fer=ing have been tr-ied in the rtas

Lo
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Chapter VIZZ

FREHABDIEITING

Following the casting step in the 3eri:n operzition, %the slusTy iz th
meolas is pasrtially reacted, and hardenez 1o a state that consiferable rressure
with the finger zust be exerted to make azn impression. This is accemrcliished
by exposing the ware to the conditions existing in one of the four stean
tunnels called Prehardeners. Temperatres of abocut 200°F are maintaized,
which is near the optimitm. Temperatires much in excess of this cause beiling
of the slurTy, and thoge lower than this cezrease the rate of hardening to
2 point whers it is slower tban the pouring rate.

Prehardener temperatures are controlled by meanms of texcerature
recorders and comtrollers that actuate rmermatic steam values. Baffles
prevent the direct impingement of the live steam oz the molds, which would
caunse boiling of the slurry. )

The lergth of time required to prenzrden the ware varies with the thiclmess
of the piece inasuch as penetration of heat into the mass is involved.

The extrenesg are 2 mini=itm of 1.C0 hous for 17 thick ware to a ninimnm of

2,50 hours for 37 thicknesses.

Thers are two main reascns for prehardenirng the ware bafore it enters
the cylinder. It reduces handling problexs, and it makes the interval of
{inme between pouring and autoclaving much less eritical.

When the molds contain a fluid sli=ry, extirexe care rust be exercised
in transporting them to, and loading them iz the autoclave. The facilities
at Berlin are not concducive to smooth and gentle hamdling of the molds
between the time they are filled and the time they ccme to rest in the
cylinder. Eayle-20 slurries do not preharden, and waih the smoothest handling
possible under the conditions existing, a great amoust of off-ware results
because the slurry shifts from one end of the mold to the other or actually
spills from the mold. The defect appearing in the product is listed as
N.E.M." (not enough material). : On the other hand, when the sluzry in the
molds is prehardened before the trip to the cylinder, it can withstand 2
reagonable amount of abuse, This is done for all Xaylo~l0 ware both pipe
covering and flat ware,

The other inportant reason for hardening the slurry soon after casting
is to minimize bleeding of water from the cast pisce and/or settling of the
solids from suspension, The extent of this action, of course, increases
with time, and is more pronounced in large sizes in which the head of the
fluid slurry is high. Scheduling of the cylinders so as to have one available
to receive & train of filled molds just as soon as it is ready for autoclaving
is seldom possille if the cylinders are to operats at peak efficiencies
without undue downtime., Accordingly, a trzin of filled molds may have to
be held on the floor for pericds up to about four hours before a cylinder
is available for this train calling for a definite autoclaving cycle. Ware
in a prehardened state can withstand this teatment without damage, In
contrast, the length of time that non-prebardened ware in large sizes can
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rexain outside the cylinder without acrerse effecis is extremely lixited,
Within a relaiively shert tine, discentinuities arpear in the form ¢f veins
of water, which carTy over ints the finished procuct as cracks, anc ©
or separations; or the slurry may stoeice o an extemt that the presctiidhed
dizensions are not met in the produce.

There iz still 3 third advantage to he gained by orehardening, At peak

rates of precucticn, 3 fresh trzin ¢f ware enters the cylinder within minutes

ter 2 processed train has been pulled, Temperatures of the cylizder shell
under these circumstances are in exsess of LOOSF, Frcn the Sme of enirance
until an awmioszlere of saturated steam is created within the sealed cylizder,
the mold metal receives a great amomnt of heat by racdistion. I the slurTy
is still in a fludd state at this time, there is great danger cf boiling
occrsTing at the slurry-mold interfaces, resuliing in pitted and rough susfaces
of the producti. When the slurry is prerarvened, the risk of this happening
is mimimized, .

Surface boilling is scmetimes experiernced with the Kaylo-20 slurries,
but the other problems which are attendent in the processing of a fluid
sluzTy under existing conditions at Berlin ame f2r =c-e serious, EIvery
effort is mace to get the cast slurTies izto the cylinxder 2s soon &3 rossidbls
after pouring, but with the cexrplications imvolved, tco long 3 time fre=-

© quently elapses, Since the Kaylo-20 produsis are mads on the same lines

as Xaylo-1l0 ware, the latter in all gtages cf the process must be out of
the way and not act as an obstacle in the path c¢f tkhe Xaylo-20 material.
Worldng back frem the time that a cylinder is scheduled to be available to
receive a2 Kaylo-20 train, the following must be taken into consideration:
the nmixers and lines must be washed free of Kaylo-10 sluxzy, the batch
weighed out and mixed, molds stripred and aveilable on the pouring line,
the Xaylo-lO ware in process ahead sufficiently prehardened and moved out
of the prreharcener, and the cylinder exptied and made reacy to receive the
cars of Kaylo-20 ware. OCragting that all of this may be done elfectively
in proper sequence with perfect timirg, the molds containing the fluid Kaylo-20
slurry must still be transperted over 2 devious, rouga, 150-foot-lorg path
to the cylinder,

If Kaylo=-20 pipe covering is to be made consistently with low percentages
of off-ware, a separate line from mixer to cylinder is essential, As it is
now, it is produced on a line designed for a slurry of greatly different
properties and behavior. Passage through the prehardener is an exaaple of
the incongruity invelved., Heating of the Kaylo-20 slurries in the prehardener
not only does not sccomplish the ends fcr which the treatment is designed,
but actuzlly has a detrimental effect. Heating to temperatures in the
neighborhood of 200°F results in more fluid slurries that are more prone
to leak from the molds and alse to slosh during movement of the molds.

Retwming to the prehardening of Kaylo-10 pipe covering, this would
not be essential in the production of many of the small sizes if it were
possible to autoclave the ware within about two hours after pouring. Sizes
up to about 8 inches exhibit relatively slow rates of bleeding, and can be
transported without aamage with.a reasonable amount of care,  Tkis is mene--
tioned because tests have shown that ware which has not been prehardened
exhibits about 25% higher strengths than ware which has undergone this treat-
ment. In a sense, then, prehardening is a necessary evil with conditions

as they are. 01 062 OSQQ
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as sc:n as i is loaded. "'z 1.'.....3 :.-a::.-e-, the tra_:x is ..aue "r *_:: e
rrebardener. This is bad practice for several rezsons., I= ihe first place,
full advantage is not t.a.ke._. or the purpose for which the crenarcensr is
cesigned, The capacity of tke rreharcener is govermed by n t,‘.:e required
to prenarden the last car lcaced. Therefore, it is serving nmerely 2s an
acewmulator for all preceding cars. In as far as f..:.:':.ic"'".g a3 a tre-
hardener, the time quring which it is being loaded is wastea

A second bad feature of car by car loading is the lcss cf heat cuzin
the time tke door is opern to receive each and every car cf the "a.‘.:z.

Third, it 13 not possible to achieve uniform prehardening :‘:.:-*..,,hou.
the train, Obviously, the ware in the first car receives mcre heat ¢
that irn the last caxr. :

But perhaps of greatest sigmificance is the bumping and jarTing which
scft, partially preharaened ware recsives as each additiczal car meets and
shoves those ahead of it iz the prehardener, At an intermediste stage of
preharcening, the ware has lost its plasticity and ab"‘*y T0 =cve with and
recover {rem mechanical shock, and does not yet posseas soffisient syrengih
to resist certain disruptive forces., Under forces that texd o meve the
partially prenardened slurTy or to shift the core, cracks are 25t to occnr
in the ware. Presently about 20% of the off-ware is due to cracks. There
is every reason to believe that most of these originate in the prerardener,
Navurally, the larger sizes of the lesser thicknesses are nmore suscepiible
to damage. This cracking of the ware during the preharde"‘-.g step woulg
not be the problem it is if means ware available for sacotier handiir ngy Sush
as perhaps a2 monorazil system.

The obvious way <o overcome the several disaavantages izhnerent in
present practize would be to accirmulate an eptire train cutside the pre-
harderer and to move the train as a unit into it. This does not appear
possible with the restricted space available at Berlin, but should be con-
sidered by all means in the d.e.s gn ¢f a new plant,

Prehardener capacity pretty much controls the rate of procuctionm. An
advanced state of hardness must be obtained: otherwise a high percentage
of cracked ware results. Berlin has from time to tinme J.e’*.gtae::ed existing
rrehardeners to meet the derands of increased production. The lixzit as far
as avallable space is concermed has been reached on 3 of the 4 units, In
the design of a new plant, it should be made certain that prehardener capacity
is in excess of expected demands by a safe margin,

The degree of latitude in formulation also is dependent upon rrehardener
capacity. The stiffening and hardening of *he slurry at termperatures in the
neighborhood of 200°F is the result of chemical reaction between the diato-
maceous earth fraction and the lime of the batch. It follows that formulations
containing less diatomaceous earth in prepertion to crystalline silica, all
other conditions being the same,,will preharden at a slower rate. Studies
have shown that the limiting temperature the product can withstand is raised
by a decrease in the proporticn o¢f diatomaceous earth in the forzulation.
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rresently Kaylo-lO thermal insulaticn shows 2 shrinkage of apout 1.3% after
being heated for 2L hours at 12C0°F., The ratio of diatcnaceous earth %o
total silica in the batch is 0.7. Availabie data inlicate that if s‘“"“‘fa.ges
of this magnitude are to ocbtain a* 150C° instead of 12CCST, only about 4l3Z
instead of 70% of the silica of the batch can be in the form of diatcxzaceous
earthe This change would recuce the rate of prehardening, with curTently
availahle raw materials at least, to a poizt "'z.“ the output of the present
prehardeners would be dragtically curtailed, On the other hand, if the
prehardeners were longer, or there were mere of them, making it possitle
for the ware to remain in the prehardeners fcr greater pericds of tine,
reductions could be made in amount of aiatcmaceocus earth wiithoubt the pre-
hardening step becoming tke bottleneck in the precess. In determini=g
prehardening capacity for a new plant, the prehardeners should be celiberately
over designed, perhanps two fold, on the basis of the rate of prehardening
of the present slurry. This would elimanate the restrictions on fermulation
now imposed by existing equirment.
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Chapter IX

AUTOCIAVING AND DRIDNG

Autoclaving of Kaylo preducts is accemplisned in SID cylinders, ST
is a ccoxvenieznt term coined to designate & cryliscer in whick simulianeous
dnduration anc dryzng of hycrous salcizs siiicate procuels can be accemzlished.

The strict meaning of ipcduration is hardensng, In the crocessing of
Kaylo rroduct3, it is the step in which ke lime, silica, and water ave
combined to form the hydrous calciim silicate desixred in the end procduct.
The formaticn of this hydrous calciitm silicate siructure brings about the
change from a soft, piianle mass to a rigid bocy; hence the term izduration,
The reaction of the three ccmponents ¢o form the desired bhydrous caleimm
silicate ocsurs under conditions of a steem atosghere at elevated pressures
and temperatures. Actually, it is the heat that brings about the cexbiznation
of the ccaponents, but since water is one of these, a steam atmosghers is
required to conserve this ingredient in the reactive mixture.

A ccararison of the formulae of the two hydrous calelim silicates in
questicn, uCa0.5Si0z.5Ep0 and SCaO.Ss.i.Oz.Ezo, wi+th the batch ferm=ulaticns
will reveal that the amount of water in the baich is greatly in excess of
that present in either of the two compouncs. This situation makes it possible
to begin the drying phase of the autoclavizg cycle before the ccmbination of
lime, silica, and vatér is complete without any danger of insufficient water
being rresent for the reaction. Thus it is possible to carry on the irduration

and drjing sizultaneously - a "SID" operatioz.

Drying is accoxzplished by subjecting the ware to an atmosthere of super-
heated or unsaturated steam. Each cylincer is equipped with radiators heated
by a flow of Deowtherm liquid at a temperature of about 600°F or somewhat
higher and a fan at one end to circulate the heat through the train of ware.
At a given roint in the specific cycle being exployed, the fan is turned
one The heat being thus supplied raises the temperature of the atmosphere
surrownding the ware, causing water to evaporate frcx the product. Ina
closed system, an equilibrium wonla socn be established, That is to say,
for any given temperature the pressure would rise to the value equal to
that of saturated steam at that temperature., When the equilibrim, or sat-
urated stea=, condition was reached, evaporziion of the water from the ware
would cease. But in the SID operation, the pressure is maintaired at a
constant value by mears of a control valve through which the additional
steam being generated escapes fram the c¢ylinder. In fact, the SID cylinder
during the drying phase of the cycle functions as a boiler, the water for
the generation of steam coming from the ware, This is literally true because
thg steam gezerated in the SID cylinders is fed into a2 low pressure system
which serves to supply steam for the prehardeners, to heat the plant, etc.

A SID cycle consists of four phases: time required to get up to pressure;
time at pressure withcut the fan on (saturated steam atmosphere); drying
time (superneated steam atmosphere); time required to bring the pressure
down tc atmespheris pressure.
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The first, or up to pressure, phase is fairly constant for a given
cylinder and load and varies frem 25 tn 30 zminutes fer pipe covering, azd
ig 1 hour for flal ware t=i.ns. A conizolled rate cf pressure rise is
accexplished by 2 pneumatic control systiem ccxrosed of a tine-pressurs cam
which overates the set point of the pressure ceziroiler. The pressu—e
controller throtiles the steam inlet valves to ottain ‘*e Fressure rise
cut ¢n the tizme-pressure canm.

Toe second, or incurating, rhase is the period durizg which tZe ware
is subjected to saturated steam at a constant and definite pressure and
temperature. The length of this phase of the cycle is determined by a
cezbination of many factorse. Those that m:st be censidered include: Nature
of the hydrous calcium silicate desired - Ea7lo-10 cr Kaylo-20; the thiclmess
aof the ware; the type of product = core, ,.ipe ccverinzg, or block; desired end
moisture coztent - "wet® or "dry"; the p..ys~cal stucture of the train; the
operating pressure and other characterisiics cf trhat particular cylinder.

The irndurating rhase may vary in tize frem zero to 1 hour. In general
if conditions are such that an extended drying period, the next phasea of
the cjcle, is to be in effect, the incureting rhase is shortened accordingly.
Tris is because there is ample water present {cr the chemical reaction that
produces the hardening or indurating of the ware to coztimue far intc the
drying phase,

The theory of SID autoclaving preswmes that, at the start of the cyele,
conditiong are favorable for the reactica of lize, sildica, and water to
advance to the point at which a rigid structure of hydrous caleivm silicate
has been set up before there is any gignificant lces of water. Actually,
this condition deoes not obtain with certain sizes of pipe covcr‘..ng iz 1 inch
and 1-1/2 inch trhicknesses under present plant practice and rate of produciion.

Within a matter of 20 zfirmutes to one=half hour, the processed train
ig removed frcm the cylinder, a fresh train put in place, and the cylinder
door closed for the next cycle. During this tize, the hot Dowtherm coztinues
to circulste through the coils, and, of course, the cylinder walls remain
very hot frem the previous cycle. Although saturated steam is employed to
bring tne cylincder up to pressure, the temperatwe of the atmosphere within
the cylinder is considerably abeve that of saturated steax at the pressures
existing at the beginning. Thus a saturated steam aiogphere is not created,
and as a resuli, premature drying of the thin sections of pipe covering results.
This often causes excessive in-process shrinkage, and sometimes soft ends,
where drying is more pronounced.

Attention is now being given to means of correcting or minimizing this
condition. It has been the practice to keep the steam trap at the bottm
of the cylinder open at all times, It is now proposed to close the trap
during the up phase and the indurating phase of the cycle, and to open it
when the drying phase begins. This i3 an added operaticn and must be given
close attention, but it is hoped that the results will justify it. The
theory is that the incoming steam will condense on the relatively cool meolds
and cars, and this condensate then held in the cylinder to contridute to
the hunidity instead of being allowed to escape through the trap.
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A greal amount of atienticn musit be given to the make-up of 2 irain
of ware geing into 3 cylander. Ware of the same thickzess, for the most
part, goes into the same tradn. 3But dying characteristics cdepend upexn
the shape and other dimensions, as well as on the giructurs of the loaded
car. Ware on cars near eilber end of %the cylinder is in 3 positicn zeoTe
conducive to rapid drying than that on cars near the =middle of the train.
Ceonsequently, the czrs of ware mors difficult <o dry are placed at <he ends
of the train. Care must alse be exercised in the lecation of the cars in
the train so as not to create undue obstruction to desired flow rcatierm
within the cylinder,

At the end of the prescribed induration period, the fan at the end
of the cylinder is turned on to carry heat frcm the radiatcrs containing
hot Dowtherm fluid over the ware. The length of this phase of the cycle
is determined pretty much by the same factors as those for tha leogth of
the inderating phase., The Process Comtrol Supervisor and the Quality Ceatrel
Supervisor jointly evaluate the cylinder cycles each day from & mass of
basic data accurmilated in the operation. Changes are mads in the cycles
where and whea irndicated to be acvisable,

0f particular importazce ix this connection are the moistuTe contents
of the ware throughout the train and the streagith and high temperature
shrinkage of the product. The percextage of shrinkage shown by ware alter
having been subjected to 2 texperature of 1200°F for 24 hours is an excellent
measure of whether or not it has received adequate rrocessing in the autoclave.
High shrinkages are evidence that an opportunity had not been afforded for
sufficient reaction to occur, and are even more sensitive than strengih
data in this respect.

The objectives in cycle design and adjusiment are to procduce ware of
uniform high quality and of wniform moisture content. "Dry® cycles are
employed for pipe covering in 1% and 1-1/2" thickmesses, whick means that
all ware as it cames frcz the cylinder should have a moisture content very
close to 25%. Ware of ater thickmesses (except core material) is on
Pwet® cycles, which are designed to yield ware baving a moisture content
near 65%.

Ware frca "wath cycles must receive additional drying in one of the
four auxiliary driers. These are rocas in which a flow of ais at about
300°F is maintained by unit heaters. The sole purpose of this practice is
to increase production frem the cylinders that are available at Berlins,
Drying is not as efficient in the hot air driers ag it is in a SID cylinder,
but this scheme does permit scme shortening of the cycleg in the cylinders,
resulting in more cylinder loads or cycles per day. The end achieved by
the use of the four driers is about equivalent to that which wounld result
from the addition of another cylinder with all operating on "dry" cycles.
Were this additional cylinder available, there is little doubt that the
production of the same amouvat of dry ware conld be accomplished more econcne
ically than is now the case.

Drying in the SID opera‘.:ion.";!.s more efficient than drying by hot air
for a mumber of reasons., In the first place, superheated steam has a much
greater heat content than air at a given temperature. I%t also has a great
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thirst or affinity for water; that is, 4% is the mature of stean %o "wanat®
to go to the saturated state. Also of great sigmificance is what temger-
atures cf 500 to 600°F are mere feasible in the SID cylinder thaz iz a ket
air drier, High temperatures for the drying of Zaylo ware are acvantageous
because 2 lesser quantity of heat is required to evarcrate a given a=cunt
of water (heat of vaporization decreases with increase in temperature),
and also because the viscosity of the water is less, theredy permitiing
the water frzu the interior of the piece to migrate nmore readily to th
surface where evaporation ocewrs. Drying in the cylinder has the acvaziage
alse in that the ware is already hot throughout ati the start of the dojirg
operation and does not have to be brougnat up from rocm texmperature.

The mechanism by which XKaylo ware d&ries is not generally uzderstood.
Practically all of the moisture is evaporated at cr near the surface. Within
the structure of Raylo products is a network of extresmely fine, continucns
capillaries, which at tke gtart of drying are filled with water. The cdizzeters
of these capillaries are so small that the vapor pressure of the water in
then is depressed tremendously. Accordingly, the boiling point of the water
in these cagillaries is extremely high., Therefors, there is svery reason to
believe that water does not evaporats frem the surface of the water deep
down in one of these fine cagillaries. To esgcape it must zmigrate throuegh
these rasTow tubes to the gurfacs, and evaporate at this point.-

This drying bebhavior explains why Kaylo~20 ware dries so muchk faster
than does Kaylo-10 ware under the same conditions., The xopotliite structure
of the former is more coarsely crystalline than the tobermorite structurs
of tbe latter. This results in capillaries of larger diameter that can
deliver moisture to the surface more readily. Consequently, the Kaylo-20
product dries in from 1/2 to 3/4 of the time required for a cozparable piece
of Kaylo-1l0 ware.

The question has been raised as to why make~up air is not employed in
the hot aix, auxiliary driersat the plant to reduce the relative himidity
of the drying atmosphere. The answer to this is it is more imporiant from |,
the standpoint of dryang to maintain as high a temperature as feasible than
to bring about a reduction in relative humidity. In fact, the maximm= relative
humicity that can obtain in the driers operating at 300°F and at atzosphreric
rressure is only about 20%. Under these conditiozs arying from the surface
will be very rapid, and the time required to dry the piece as a whole depends
upon the rate of migration of moisture from the interior to the surface,
As mentioned earlier high temperatures speed up this migratiom.

For the reasons just discussed, a plant should not be designed to include
auwxiliary drying as an integral part of the processing. To be sure, provisions
should be made for such drying in cases of emergencies, and for drying of
a2 wet trzin or portions of a train that result occasionally for one reason
or another. For cases of this nature, it does not appear feasible to re=-
process & train in the cylinder. On the other hand it should prove econom-
ical in the long run to have a spare or stand-by cylinder that could be put
into service when another is down for repairs or cleaning, rather than -
attempting to make up the loss of production by going to "wet" cycles on
all the other cylinders. Wwhen no spars cylinder is available and auxiliary
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driers are already being used to near szracity (as is tie present situatica
at Berlin), it is the matural tendency o coZtiim.c using a cyloncer loxog

ter 3 revair or cleaning job has been indicated. Prolonged operation of
a cylinder tbat has lost much of its effiziency because of need of repair
or cleaning, is, of course, costly.

Retwming to the SID cycles, after the drying phase is cozplete (the
moisture of the ware recuced to a prescrized amcust), the tizer starts the
tine-rressure cam wnich operates the vent to tte low rressure systex valve
and starts %0 depressurize the cylinder. After the pressure reaches thas
of the loWw presgsure system, ths controls switch frem the vent to the low
pressure valve to the vent to the atmosthere valve to continmue the lowering
of the presswre in the cylinder. At this point the fan is also stopped.
The pressure continues to decrease until atmostheric pressure is reached
and the cycle completed. The standard down times with pipe coverizg loads
are 25 minuteg for each of the three 175 psi cylizders, and 30 minustes for
the two 200 psi and the seven 250 psi cylinders. .

The ragid rate at which the ¢ylincder can be safely breovgzt down frem
Fressure is mage possible by the ware being i3 a dry state. Formeriy when
ordanary saturated steam autoclaves wers In use, the rate at which the
Fressure %¥as reduced was held at 1 psi/zizute; at faster rates the saturated
ware would blow up. Herein lies another great acvaziage of the SID over
ordinary autoclaves, With SID cylinders cry ware can be produced at a
considerably greater ratve than can wet ware by satnrated steas vessels,

Then, of course, provision has to be made to dry all of the products
from the latier type of cylinders. As mezticnec earlier. hot air drying
is a proloanged and inefficient means of accemplishang this for hydrous
calcium silicate products. It is of interest that the J-¥ plant at Maaville
has 16 drying tunnels, 170 feet long, equizred with 4 tracks per tumnel,
having a total capacity for 1,800 cars of ware. This plant has nine cylixzders
of the conventional type. )
The 250 psi cylinders at Berlin are much more efficient than the 175
psi ones, The latter are remnants of eariy operatica which have been con-
verted to the SID type. On an average, the total cycles in the former are
shorter by: 1 hour for 1-1/2" thick ware, 2 hours for 2-1/2" to 3" ware,
and S hours for 3-3/4" to u~1/L" thickresses. Just what operating presswme
would be the most favorable in plant practice remains to be determined.
There is little doubt that it will prove to be higher than 250 psi, but
how much in excess of this pressure is a matier of pure speculation. As
the operating pressures (and temperatures) increase, the rate of reaction
increases, as should the rate of drying. While the degrees of superheat
at 600°F (difference between 600°F and the temperature of saturated steam
at a2 given operating pressure) will decrease as the operating pressure
increases, this should not in itself result in slower drying within practical
ranges of pressures. The higher temperatures that will exist throughout
the ware should more than offset the effect of fewer degrees of superheat.

.
]
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Op the other side of the picture is the Jonger %time required to bring
the cylinder up to pregsure and to depressurice it 32 the end of the run.
The tizme consumed in acsomplashing these two phases ¢f the cycle could be
appreciable at certain high pressures, and mere thazn balance the gain in
tine possible for the indurating and drying phases of the cycle. The Research
Laboratory at Newark is obtaining an experimental SID cylinder capable of
cperating up o S00 psi. For the first {time egquirment will be availahle
to conduct exgerinents to determine opiimum SID conditions and 4o obiain
scme badly needed infcezmation.

It i3 likely that the limiting factor in regard %o operating pressures
will prove to be the cost of the equirment designed to kbandle such pressures
as well as certain other added costs involved in operating at presswces
whick are unccezmor for vessels of this size,
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Chapter X

OP-2ATICNS STUSSIRUINT T0 AUTCCLAVIIG

After the ware emerges from the autoclave, and is iz a d-y cendizicn,
it must undergo trixming and finighing, warping, packing, a-g sterags in
the warenouse. Of course, the ware is inspected by Qualizy Cenirol ai all
of these stations. If discolored or rough surfaces are detected at the
trin saw, this ware ig taken out of the line for hand cleaning and smoothing
of the surfaces befors it is sent on for wrapping.

The handling of the ware after it leaves the autoclave is the most
inefficient of all of the operztions at Berlin, This is predbadly the naiteral
result of the plant having evolved for the most part, frcm 2 sand-linme brick
plant Yo ons producing Xaylo products. The inefficiency is sirild=sly evidemt
when one considers that a given piece of wars ccming from 3 cylinder on &
Pwet” cycles i3 likely to be handled or removed frcm one locaticn to another,
singly or in a container of scme sart, 16 separate tizes befcome 4t i3 on its
way to the customer. A comparison of Berlin and Manville cperaticns 4n thig
area reveals a siartling conitrast.

It zust be said that managewent of Berlin is aware of these deplorable
conditions and has given GPD Ingineering the project for cooveyor and equipe
ment from trim saw to wrap and pack area. On the conveyor all pipe covering
w111 be end trimed, 12 for only a "lkiss® to produce square ends, On the
same conveyor, the pips covering will be brushed to remove discolorations
and bumps resulting frem dirty molds. The achesive will be arplied mechan-
ically. The wrapping will be done by hand, and carton sealing will be
accamplished by top and bottcm sealers.

This project is excellent as far as it goes, but a materiz] handling
engineering study shoula be made of the coxplete operation to determine how
the general condition at Berlin could be improved, and to ccme uwp with
recozmendations in this respect for 2 new plant, That there are 23 lift
trucks contimuously moving throughout the Berlin plant in aa apparent helter-
skelter fashion, iz illustrative of the problem. Aside froz all other obvious
undesirable aspects, a considerable amount of damaged ware results from this
manner of handling.
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Chapter XZ

AGXTLIARY QPIFATIC

Naturally, there are many strplesentary operations conmectied with the
rroauction of Xaylo procucts that are more or less ccomon in the panufasiure
of any article. Trhese will not be dissussed. There is, however, one stch
operation that is peculisr to the sutbject process. That is the cleaning
of nolds.

The method now employed involves the use of an inhihjted acid to digsolve
the adhering calcaium silicate. Back in 1950, as part of the izvestigation
of SID cossib.l. ies, O-I Research copducted studies of various mold clearsing
methods. The recormendztion was mads that acid cleaning be crorped frem
ary frziber consideration becanse of the many objections i.nhere:t in this
method. For scze reason, probadbly because of a relatively high inditial
cost of an alternative method that was recommended, this advice was urheeded
by maznagezent and acid cleaning was put iuzto operzitloxn.

. The result h2s prewpted the Flant Marager at Berlin o write on Apr<il &,
1959: "The cleani=g of molds with the nse of acid —ust be eli~izated at the

earliest possible time for two reasons: first, the mold equirment kas now

been subjected to acid attack for sufficient years that the rate of detericration

is becczing greatly accelerated. Unless this is stopped, large replacement

costs fcr molds will be encountered. Second, everyovne is faziliar with the

aforementioned labor costs* jncurred, which cause is based on the use of

acid for mold cleaning., We had a Pangborms* representative in last Friday,

and all past work that was dope was covered in his files. This goes back

as far ag 1950, when Research of O-I conducted the experiments. The cleaning

of the molds will be done by a soft abrasive blasting, using walmut shelis,

Pangbera has had many installations of tkis type of blast cleaning, They

also have the design, which was desigzed long befcore and never followed t..rough-——-.

This recuces all of the etching of the skells (molds) and also eliminates

the cost of acid and allied material cost. It will eliminaie the marpower

aforementioned, as well as reduce marpower in Mold Repair for cleaming and

repairs necessary. It will increzse the run life of the molds before cleaning

is necessary. The blasting is done with rotating wheels throwing the abrasive

against the mold rather than using high pressure air, which calls for s large

ajr campressoer cost of installation and operation.

We are send:!.ng out 2 shell (mold) for them to again check the buildup
(deposit) to make sure that the machine will efficiently do ths Jobe

#Cost of band cleaning stains and removing rough swrfaces, both the
result of acid cleaning of the molds, from a large portion of the ware,

##The method recc=mended by O-I Research.

s
.
L
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Tris is a four-wheel job anz the cost is romghly X10,000 rer wheel,
which of course includ.5 the entire installsaticn, however, it should be
in the area of 335,000 or a litile less. The machize nas 4o be set in a
pit and will have conveyor holding of molds intvo, ithroughn, and out of the
blast cleaning area.

We will follow this project diligently and with discatch, and as socn

as design cost, tizme of mamufacture, instzllation time and cost are secured
will fellow trhrough with a $0%.M

Alorg with the acid cleaning, the other methods studies by C-I Research,
ard not recamended for one reason or ancther, were: Hizh pressure steam;
high pressure water; mechanical brushing; supersonic vibration.

The cleaning of molds would not likely be a problem of amy ccnsequence
if they were to be made of stainless steel. A few replacevents have been
constructed fairly recently of this metal, and the perfermance in respect
to brilcup and the surface of the ware hag been remerkable. Aftsr about
two months of service, the metal still extibits a mirrer-like appearance,
If the rresent behavior contimues over a prolonged pericd of time, the
econczics Lrmolved should be evaluated. Az wifaveradle answer wotld probably
result In the Berlin situation, in that 4t weould likely be poor eccncy to
merely replace the black iron shells with gtainliess steel, thus dunlicating
molds that are too short. But it may be a different story if cew frames
and new molds were to be fabricated for use at a differemt locatiozn.
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Chapter XII

DDICATED MODITICATICHS OF FRISINT FROCESS AlD EIQUIAET

At Do ccmparable period in the history of the FKaylo creratioz have
SO zany chauges and improvements been made as in the past few zonths axd
weeks, Although the writing of this mamuval has been done at iztervals
over a period of no more than six weeks up to this point, zaxzy of the changes
indicated in previcus chapters as being desirable have already been acecz-
plished and in operation. Furthermore, several others are scheculed for
early comrletion. On the assumption that these, toc, will te in effect
before this mamual is 4in the hands of the reader, no further zmenticn will

be made here.

The items that are listed in this chapter are these Likely mot 4o be
in operation in the very near future because of the magzitude cf the project,
lack of manpower and/or space at Berlin, or othar valid reasons feor the
delay. At the risk of appearing repetitious and recundanid, zmention will
be made of certain sudbjects for the sake of exphasizing their izpcrtancs,
They should be considered frcm the siandpoint of feasirilisy of izmscrperaticn
at Berlin, and should by all means be taken into ccnsideraticn iz the design
of any new plant.

In this latter connection, Berlin experience is providizg apnd will
continue to provide, valuable information in respect to process and eguirzent.
Contrary to the situation in many plants, there is very Liile or ne conserv-
ati=sm.in the attitude of the management of Berlin, ZRather thaz being averse
{10 any change, there ig an expression of desgire to =7 thing new if it
has at least a 50-50 chance of being favorable frem the standooinat of cost
savings, ircreased production, or quality of the rrocuct.

With this foreword, further discussion of certain items follows.

Separate Production Line for Kaylo-20 Ware

In the present set-up, Kaylo-20 ware is maae or the same line as Kaylo-10
products. This all too frequently results in an excessive azount of off-ware,
The Kaylo-10 line is designed to handle prehardened material. Xaylo-20
slurries do not preharden. The long route that the molds £:1led with a
fluid slurry must follow - including passage through the prehardener - results
in shifting of the slurry, cansing the end product to be out of dimensions.
Not only this, but the Kaylo-10 slurry and ware in all stages of the process,
from mixer to cylinder, must be cleared out of way before Kaylo-20 production
goes through. This results in waste of time even under the best schecnling
possibls.

The line for Kaylo-20 products should, of course, not include a pre-
hardeper, but should provide a short, smooth passage from pouring station
to the cylinder, ’ y - )
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Separate mixers for Raylo-20 slurTies would eliminate the necessisy
for washing the mixers and piping free of Xaylo-l0 slurTies when muns are
to be made. They would also make pessible a recusiocn iz 4the m—Rer of
batching operations. Under the present practice, the size of the zatch
must be tailored to the volime of the molds in the particular traiz teing
processed at the time. Siznce XKaylo-20 slurTies do not prenarden aoi may
be held indefinitely, a large quantity of Xayle-20 batch couid be zmixed
and drawn upon &s needed.

Convevers

It was pentioned in 2 previous chapter thatmovexzent of materials and
ware throughout the Berlin plant is accomplished by a fleet of 23 1if4 trucks, .
and that 2 materials handling engineering study is indicated. Discussion
here is limited to the handling of the filled molds from pouring to crylinder,
because rough handling curing this stage of the process ceatridutes to off-
ware. The sloshing of the fluid Kaylo-20 slurry was meniicned iz the seciien
above, but damage can also result to Kaylo~l0 wars, At certairn intermediate
stages of preharcening, Kaylo-10 material has leost its plasticiiy but has
not yet atiained amy appreciable degree of cohesion ard stwsngtt. Meczanisad
shock can easily cause cracking. In ths present practice, fi1%ed =cids are
loaded on cars with flanged wheels to Tun on a track througn tze prezardener,
A train of cars is made vp in the prenardensr, gnd the ware receives tusping
and Jarring as each car is added to the traia,

Once the Kaylo~l0 ware has been prehac=dened sufficiently, it cam withstand
a reasonable amount of mechanical shock, 30 smooth handling of the ware in
the prehardener is of greater izportance than on the way frem thers o the
cylinder. But smooth handling of the fluid Kaylo-20 slurries is required
over the entire route.

A different and smoother pmeans of carrying both Kaylo-10 and Ezylo-20
ware through the prehardener to lcading in the cylinder is indicated. A
nonorail sysiem, for example, may be the answer to the problem. -

Accumulation of a Train Pricy to Prehardening

The disadvantages ingherent in the practice of making up the trais of
ware inside of the prehardener have been discussed in Chapter VIII. The
favorable results likely frem accumulating the train prior to entramce into
the prehardener were also outlined.

Prehardeners have in the past been the governing factor affectirzg the
rate of production, and can also limit the latitude of bateh formulations
if the capacity for output is restricted. Under present conditions of forme
lation and rate of production, the prehardeners are in fairly good balance
with the rest of the processing. But conditions could change and the pre-
hardener capasity could beccme a bottleneck. For reasons discussed in detail
previously, 2 prehardener woula function more effectively if it wers to
receive an entire train of ware as a unit instead of one car at a tize,
That is to say, 2 given prehardener could preharden 2 given train of ware
in a shorter period of tize if means were provided for the make-up of the
train before entrance into the prehardener. 01 062 031/&



Alcng with an arrangement of this nature, means should be provided to
permit the by-vassing of +the prenhardener if s.d when the size of ware and
availacility of & cylinder indicate such is possible and acvisaple. Ths
in itself would bave the effect of increasing prenardener cagacity in relaticz
to the other producticn units.

Peserve SID Ctlinder Cavacitw

At present, in an effort to obtain the uimost in productiocn frem existing
cylinders at Berlin, most ¢f the ware is taken frcm cylirders when the
moisture content is about 65%. This ware then must be d—ied fusther in
the much less efficient auxiliary driers. In addition to this less in
efficiency, the cost of extra handling of the ware must be ccnsicered. If
an additional SID cylinder were available, the same amount of dry ware could
be produced at less cost.

It would likely rrecve to be good econcsy to have a spare cylinder
gvailable for uwse whsn one of the others is decwn for repais cr cleaning,
At presezt, the withdrawing of a cylinder from procuctica is pesiponed as
long as possible because of the production problems invelved, In other
words, 1% ds kept in operation leng after a decline in cperatizg efficiency
is evident. Witk a spare available, all cylinders could be maintained at
top efficiencies withcut interrugtion of produsztion.

This spare cylinder need not be down all of the tinme i% is pot called
upon to replace another, but could be unsea to receive at least a portion
of the Kaylo-20 ware poured on the separate Kaylo-20 line mentioped earlier.
However, there should be a clear understandinz azong all cozcerned that its
chief functicn 13 that of a spare, and should not be inflexcbdly tded in with
production.

Auxilizry Driers

It is not the intention of the preceding section to izply that some -
auxiliary drying facilities are not necessary. The point is that it is
not good practice to employ this type of drying as a routine matter. On
many occasions same of the ware ccming from a "dry" cjcle will have a higher
moisture content than is permissible for dry ware and this ware will have
to be given further doying. Mechanical failures, failures within the Dowthera
system, etc., could scmetimes result in an entire train of wet ware. Under
conditiors such as these, it is more feasidle to dry in an auxiliary drier
than to return to a SID cylinder,

Mold Cleaning

The present method of cleaning molds with acid is costly, and after
a tinme resulis in serious damage to the molds. An alternative method must
be found., Studies of several years ago indicated that an effective and
safe job could be done by blast cleaning with a soft, organic abrasive.
The plant has just recently begun further investigation of this method.
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’ , Improvements on the rourins Line

There are several izprovements iccicated on the pouring line, and
concerted efforts are being maas to put thex into effect. Among these are:
Means for accomplashing completa reamoval of Xaylo ¢hips and dust from mold
cavities prior to £filling; mechanical oiling of molds; full length pouring
davices; mechanical screedainge.

Perhaps the greatest benefit to be derived {ou these items will be
the elizination of much of the human element and the role it plays on the
pouring lins in respect to rate of procuction and the quality of the ware.

Molds

The major shortccming of present pips covering molds is that they are
t0o shorte If ths molds were longer (in the peighborhood of 37%), ald
piaces af pipe covering could be given an end triz. Lass offe-ware would
rasult, aad even passable ware would gensrally izproved in quality.

The econcmics should be stuaied af construsting the shells and cores
af pipe covering molds af stainlesgs steel, Trials in progress indicate
lack of atiack and freedcs from bulld-up. Preferance of stainless steel
over black iron may dgpend upon whether or not acid cleaning is continued.
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Chapter XIII

PERTDENT REPQRTS

Several detailed reparis have been issued that are pertinsnt to the
subject matter of this manual. Those that are most closely relsted are
1isted below. Copiss ares available at the desk of the author of this
mazual, and anothsr set iz ox file at the Berlin plant.

Title

Develormant of and Experizents with
ths of x 21% SID Cylinders &t Berlin

Develomment of Kaylo Batch Mixdng
Procecure at Berlin Fiant

Effact of Asbestos Varisztions on

Physical Propert.iea af Kaylo
Thes=al Insulatio

Estanlishment of Cycles for 1%, 2V,
anad 3% Pipe Covaring in the SID
Cylinder at Sayrsvills, N. Je

Factors Affecting High Temperature
Strirxkage of Xaylo Thermal Insulation

Factors Affecting Thermel Concuctivity
of XKaylo Insulation

Factora Contributing to (2f-ware
at Berlin

Investigation of the Effest aof
Variznles in the Prehaxdanar
Operation on the Quality of ths Ware

Johng-¥anville Tharmobestos
Plant Visitation -

Kaylo Mald Deaisn. Filling, Cleaning,
Stripping, and lubracaticn

Kaylo Manufacturing; Process and
Operational Contral

Kaylo Raw Materials and Processes
Cbservationa of ths FPlat Ware Process

at the Berlin Flant Durding the Weeks
of Novezber § and Novexber 30, 1953

Clarence D, Pawlicki §=1~52
Harola F. 2ink 6=15=54
Ds L. Bishop Ll-4-55
Harold Foe Zink 8=1-52
D. L. Bishop 1,~8-58
We Co Taylor 8-20-57
Harold F. Zink 5-7-54
Harold Fo 2ink B=5=54
Rs Se Grant 7-10«58
Clarencs D. Pawliciki Beles2
Ce Po Silkwood 6-11-58
Harola Fo Zink 12-22~53
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Fhysical and Chemical Properties
of Eaylo Products

No. 1 Production Line Training
Manual

No. 2 Preduction lLine Training
Manual

Revaew of Berlin Flant Operations

Sayreville SID Demonstration Flant;
Background, Design, and Performance

Studies of the Effect of Reactivities
of Various Diatomites in the Reactions
of Formation of Kaylo and Kaylo=20

Studies of Molded Pipe Covering
Off-ware at Berlina Flant

Study of Molded Pipe Covering Off-ware
at the Szyreville Plany

Study of SID Cycles at Berlin Plant
and .Other Factors Affecting the
Quality of the Ware

The System Lime-Alumina-Silica-Water
and Applications to Kaylo Products

The System Lime-Silica-Watexr

Trial Runs of Xonotlite Xaylo at the
Berlin Flant, and Properties of the
Product

Vertical Casting, Prehardening, and
Ejection of Kaylo Molded Pipe Covering

Vertical Casting, Prehardening, and
Ejection of Kaylo Molded Pipe Covering
Section II

Xonotlite and Lepisil Kaylo Products
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Gs L. Kalousek 10=13=52
Ae Do Dﬁm S'l?'Su
A, D. Denny 2-22-34
Os W. Pfeifer 8-30-56
Clarence D. Pawliclkd 8=1-32
Ao S. Amh 1‘28-58
D. L. Bishop 3=16~53
¥We C. Tayler 12~23-52
Jogeph Scovronek 1-21-54
G. L. Kalousek 10-13=52
G. L. Ealousek 10=-13.52
We Co Taylor 3-5-55
H. F, Zink
C. Do Pawlich 5’7'53
C. D, Pawlickd
He Fo Zink 10=19-53
G. L. Kalousek 10=13=52
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