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Preface

The purpese of this msnual is t0 serve as an aid to good practice
in the manufacture of Kaylo products, and to provide information to
thoge who may not be familfar with the nature of the operation. The
material contained herein is the resuli of both laboratory resesrch
and plant experience over tha years. Admittedly, some of what is
written may still be classed as theory, and scme gtatements may even
be considered as controversial. There remains wucik to be learced, The
manufacture of Kayle prodosiy is still a relatively new and "gresy?
indugstry. This i9 probably all to the good, because when scpeshing s
no lenger green it stopy growing and rot degins.

Many, mawy persons bave coptributed to cur presenmt state of Imow-
iadgzes on the subrject, This mamual represents an effort on the part of
the author to cerrelate and integrate the information avaiiable at this
time.

It is not the intention here t¢ descyibe in every detail, and step
by step, the various aspects of & prescribad operation. 7This has been
dones in seversl manuals written by members of the ataff at the Beriin
plant, Rather, this mamial iy designed to attempt to explain why certain
things are done a3 thay are cr Wiy certain changes in operation are
indicated, , :
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Chapter I
THE RATURE CF KAYLO FRODWCTS

Kaylc is 2 regiatered tyrade mark employed to specify the hydrous
saleium gilizate ovroducts mamfactured by Owens-Lorning riberglas
Corporation. Zayle is an adjective and should never be used 33 3 nouwn.
Furthermore, 1t should always be caplialized.

As just mentioned, Rayle products fall within the class of materials
known ag hydrous calcium silticates. Rasearch over the years has revealsd
ths axistence af a large number of hydrous caleium silicates, but the
majority of these sre scarcely more than laborstery curiosities. That
is to say, Llittle or no use i2 known at this time for many of these

compounds.

The term hydrous caleium silicate denotes a chemical canpound
camposed of Cad {1ims), SiC, (silica) and Bo0 {vater). A specific
hydrous saledun silicate has, of course, definite physical anmd chemical
properties. The formation of hydrous caleium silicates can be effacted
in ons of two ways: 1) By the reaction of water with previously formed
anhydrous calcium silicates, such as ocenrs in the hardening of portland
cements whan mixed with water; 2) The direct uniom of Cal, 8105, and E 0.
It 1y this method that is employed in the mamufacture of Xaylo products,.

The tun hydrous calcoiwm silicates that are of interest in comnection
with Kayle products are: todbermorite, baving the formula 4Cal.58107.5Eq0;
and yonotlite, having the formula 5Ca0.58102.350. Other hydrons calelws
silieates can be, and sometines arse, pragsent in Kaylo products., 3ut tke
majority of these sre of an accidental nature, and most are deirimental
for ona reason or ancther,

Tobermorits, like sco many mineraly, can sctormodate varying amounty
of other constituents within ita crystal structure. This, when controlled,
san bs ussd to an advantags. More will be ssid of this later.

Xonotiita apparently shows noe tendency to Incorperate any "foreign®
caddes within iis structure.

In the formation of hydrous calcium silicates by hydrothermal methods,
the lime apparently first reacts readily and copletely with silica to
form limewrich caleium ailicate gels having variable compesitions bnt
charncterized by Ca0/5i0; ratdcs in excess of unity. These products
in turm resct with residual ailica of the mix {o fomm products poorer
in lime., The order of formation and transformation is believed t¢ bs
bCa0.55402, 50,0 (tobermerite),

To achieve the desired end product in the above progreasion, it ia
necessary 1o have the proper batch ratio of lime and silica in such form
as to be reactive nnder conditions of the process, and to permit suffie
eiont time at a given temperature. (pressure). I appreciable mmounts of
the intermediste products apre present, the ware will show such undesirsble
propertios as: high shrinkages upen dyying, puweky stracture 3 .
strength, and/c¢r high shrinkages at slevated temperatures. ﬁ}i %62 0;\(‘%
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IZ the batch ratio of lime t0:3ilics is near unity, and if sufficient
tize i3 parmitted at temperalures and preassures 1o excess of about JOOOF
and 52 paig, respectivaly; the reaction given above wlll continue as:

 GCRD.55402 4 BHpOwm 5CR0.55400.Hp0 (xonotlite), The composition of the

internadiszte product in the transformation of tobermerite to xonotlite
has not bean fully resclved as yet. I-ray ciffraction patterns generaily
show same lines charscisristic of the two emndd zembers, bubl certsin cther
key iines wmay be misaing. Ralative intenaitiss may also vary. It is
ganarally the praciice t0 refsr w this intemmediste product as “hybrig®

_ Mw.

The advantags that structures of xonotlite Bave over those of tobermorile
1a kigher tempersture reaistence, 4 structure of the hybrid materisl is
intermediite in this respect. )

The poasikility s‘-’:ﬁn sxisty, however, that tobarmorite iz transformed

dlrectly into xonotdite, sad the hybrid meterial i in reality s aschanicel

nicture of the two, In any case, the alfest iu the same,

- As mapticned esrliiar, icobermorite can take cartain othsr oxides inte
its structure. Alumina, 41303, in particular enters the structure readily.
When this oceurs to any appreciasbles extant, the transformation of tobermcrite
o xonotlite iz retardsd greatly; a0 much 30 that for prasticsl purposes
it may Ve conaidered sz preventing the transformation. Becauss af this,
batches intendad for the producstion of xonoilite mist be fres of any sube
stantial amount af reactive 41203. On the otder hand, tobsmmorite containing
43203 spparently forms more readily than the pure compound, and slso ylelds
ware of higher si{rengths, However, high texperaturs resistance of ths ware
ia decrsased roughly in propartion to the amount of A15C,. But 42 ia
possible 1o take advantage of the favorabls charecteristics imparted by
& Limited smount without the temperuture resistance being lowersd 0 &
point that is critical for mosd installaticns of the proguct.

Tha pozitive ldentificatinn of the vardous cheamice) coubisationa or
pheses, edther dealrable ar undasirsble, that can sxist in hydrous calcium
silicate products i3 not esay or simple. Casparzlly, in other aysiama,
Produsts are formed which are readily discernibls by means of the iight
microscope. Accordingly, optical propertiss sand other charactarisiics
can readily be datemmined, Becsuse the crystalline products that are .
formad within reascnabls timss by hydrothermal means in the lime«silicaw
witar symiem are 0 extresaly fine, identification is not posaible with
the light misroscope. Othsar msans, suck as Juray diffeaction and diffare
ential thersal inalysis in particular, zust be suploysd. less certainty
of positive ldentification yesulta, Purthearmore, the axtreme fineness of
the crywtalline coumpounds results i Hehavior often more typical of & gul
rather thax a crystaliine structure. Ik theze casss, the water contat
and the distrilution of 'this water throughout the strvcture hea a distinet
offect on the jroperties of tim product,

Bacanse of the above ciroumstances, it is the nore sommon pracidce
to stiempt coxrective messures based on cerisin assumptions as the cause
of ware being off quality, rathar than on the resuilts of axtensive labors-
ry testa. That iz o say, diagnoses ars often mads without suppertding
ieboratory data. In plant cperation, tdze is sll Zaportant and cures
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must be effected in the shortest possible time. It is not imtanded teo
iwmply that these assumpiions are mere guesses sxd without foundaticn.
They awe made by trained persommel and are based on the findings of past
regearch and plant experience. It 18 being emphasized that censiderable
art is involved in the manufasture ¢f Kaylo products, and successful.

operations are largely dependent upon the presence and declsions of
sersons thoroughly traimed inm the ark.

LY
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Chaprer IT

TYPES C® KAYLO PRODGCTS

In the previous chapter, it was pointed cut that Xayle products
consist essentially of hydrous caleiwm silicate, The trus density of
thesa silicates i3 about 150 pounds per cubie foot. In fact, the cvar-all
density of the constituent solids of Ksylce maverials is sbouwr this value.
The appavrent density, whish is considersbly less, is determined and
toutrolled by the ratio of waler to solids swployed in raw batch. 3By
reang of tha proper melecticn of amcunts and types of aszbeatos, together
with further fiverization, dilute suspensions or sliurriss are obtained
whick do not setile or lose water by bliesding. Preacribed treatuent ia
also followed in the hydration of the ilme to sssist in obtaining these
stable sugpenaions.

Witk zlurries of thisx naturs, ths volume of the hardened body is
gsenzibly the same as that of the cast slurry. When the water in removad
by drying from the intergtices of the solid framewcrk of hydrous caleimm
silicate that has been formed iy the process, a prodhiet of iow apparent
density results. 1% is chvivus that the higher the ratic of water to
solids in the alurey, or the greater ke percentage of total volume cone
tributed by the water, the lower the apparent denwity of the product aftes
tha fres watar naz besn removed by dryinge

ipsamuch ag the synthesis of hydrous caleimm silicates iz involved,
scme water of the batch becames fixed in that it becomen an integral pars
of the comrpound in gqueation. Bat fthis amcunt repressnts & very small

rercantage of the original volme.

The chisf producta of the Berlin plant are gemerally considered as
being of four vypess characterized by two different apparent dansitias
for sach of twe different hydrons calciwm silicats compounds thet con-
gtitute the structura of the product.

As mentioned in Chapter I, ths two hydrous calcium silicates of
interest in connmction with Xaylo products sre tobersorite, LCal.S5510,.5H,0;
and zonotlite, 5Cal.58i0.H,0. The tobarmorite-vype products are referred
™ within the organization 3y Kayic-l0, X~i0, or reguiar Eayic. In the
Idterature Kaylo alone iz employed; the products being called Kaylc Pips
Inmylation, Xayle Block Ingulation, or Xaylo Core Matariai, The Pipe and
Block Ingoiation have a neminal apparend density of 1l.h pounds per cubie
foot, amd tha Core material 20.0 paf. Thuos, the two classea of Kayle-10
products are distinguished from each other by thelr differencs in apparent
density and their end uae.

The XaylowlO products of the lighter density are designed primsrily
to afford thermal insmiation at elevaisd temperziures up te 1200°F,
wheress the purpcose of Kaylo~lQ prodnet of the heavier demaity is to
provide & structural material whose sirength and fireprocf naturs togethss |
with its insuwlating value, make it highly demirable &s the core of panels
and doors of sandwich-type consiruction., The facing materisl that ja
appllied by the custoner may be wood, metal, transite, 6%.
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Xaylo~20 ware i3 characterized by having a xonotiite, 5Cal.38107.H,0,
strsture. Included sre faylo-20 Pipe Imsulation and Kaylowz0 Bleck
Insnlation havisg a nominal apparent density of 12.9 pounds per eubic
foot, and E-20 Core Material at 20,0 pef.

Similar to the Xayle-10 ware, the end use of the Kaylo-20 products
dictates the production of twe diffarent denzitles. The advaniage of
Faylo«20 ware in each case is its higher temperature resistancs, the
1imit being 1800°F. instesd of 1200°F.

. The apparent density of the preoduct i any csse is chosen to yield
& material having & harunesas and strength demanded in ity snd service,
or, as i3 the cass with Kaylo~20 thermal insulation, is the natural resuld
of the water/molids ratdo required to give stabls, noneasttling slurries,
In po case iz a higher density empioyed ihan is conszidered to be a safs
indmum under the circumstances, :

The atrength of both Raylo-l0 and Raylo-20 products expressasd as
modulus of rupture temis to vary roughly as the sguare of the deusity.
For exampia, the modulua of popturs for Krylo-10 thermal insulation at
1l.b pef density may be expected to be abont 7% psi, and that for Kayle
cope materdal at 20 pof denaity is likely 10 be about 230 psi;

75 x (20)¢ = 230.
(115

A modulng of ropture of about 112 psi is net uncommon for Xaylc-20 insulation
of 13 pet dansity, snd sboot 265 psi can be expected for Kayiowi0 core

of 20 pof density:
U2 x §m§2 - 265,

Thecretically, for & given denwity ths Xaylo-20 materisl provatly
should not be quite as streng as the Zaylo=il product. The reason for
tals is that the structure of the former i nore coarssly crystallins and
pressnts less ares of contact for tha cohesive forces. Agtually, howevwr,
in commercial production the revarss tends to be trus in respsct te modulus
of rupture. The likaly explanation is that Xaylow20 meterial, being composed
of crystala of greater sizs, behaves less like a gol and 4is more stable in
the drying process. Durdng the drying of Raylo-l0 ware, atrsssea are likely
tc be created and resmlt in inciplenmt cracks which adveraely affact the
tansile atrength. Coupressive strengthz on the other hand, sre not as
sordously affscted by these flaws in struetures, and for & given danmity
are gensrally higher fur Kaylowl0 than Xaylow20 inmilation and core matepial.

It should be emphasized that these strength data represent genersl

values aod trends. A mumber of factors greatly affect the strength. Thess
are discussed &t grester length in a subseynent chaphay,
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Chaptey IZI
FORMTIATIONS

A uumber of things have to be taken into consideration in desiguing
a formulation for & given typs of Xayle predwet. Ferhaps of utmost impor-
tance is the combination of pruperties in the end product, Asong thess
for therual ineulation are: modulug of rupture, campressive strength,
harduess, handieability {resistance to abuse), apparent density, appearance,
shrinkage at elevaied temperatures, and thermal comductivity or "k" factor.
1t so happens that the opiimmm or ideal cannot be obtained fox each and
avery property, ab leaxt at this time, A sacrifice in ome i3 frsquently
mede $0 benafit another. For exampls, the means that have been smployed
te bring about a reduction An "k® factor have restlted in some loms of
stxrength. Effcrts, then, are directed toward tha atiaimmsnt of the best
combination of propertiss that are posaibls, iy indicated by customer

reactions.

The design of a formuiation is forther complicated by the fact thit
a glurry muet resull which can be hantdied most satdafaciordily by sxisting
plant methods and sqmipment. Furthemsore, the formulation wost lend itself
to the greatest possibla speed af procesaing throughount the varicus steps
foom 2ix to 4rdm, EHers again a compromise wast bde made beiweey one oy more
of the desired propurties and the esse or speed of processing. A case in
point: 4t is imown that shrinicage of the product at elevated temperatiures
can be reduced by employing less diatomacecus earth and more ¢rygtalline
gilica, but it iz alsoknown that the rate of prehaydening would be lowered
and longer periods of anboclaving woodd likaly be néedad. -

Forther complicaticns are introduced by efforts to keep bateh comts
am low sa possibis, The affects of & mubstitute materisl, an sdditional
constitnant, or 2 change in demsity, bave two be carefully cbserved and
analyzed 40 determine if thes change hes been favorazble in respect 10 speed
of processing, gquality of the produst, and the suount of off-wure, An
addition to batch cost may in effect represent 8 saving in the lomg run.
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Fopmulation for Xaylcwid Ineniation

A The following formulation is surrently (Maveh, 1959) employed for both
Rayle~10 pipe covering and blsck, and has been in use since December, 1958

deighed Amount Dry Welght

Raw Materinl Pounds ] { Pounds ) Parcent
AW amosits ashestos 100 100 3.28
We3 amosite asbestos 0 50 1.8k
&) chrysatiis aabestos 15C 15¢ Le92
LX chrysotile asbastis 200 200 6256
Quicklims | 840 8in 21.55
“ Teipodi . - L 380 350 11.48
Celatem . . 850 . 816 26,76
Clay : | 100 100 2,28
Gromd limestone 2L0 250 7487
Ateficat chromite 100 100 3,28
Wollastonite C-101 00 100 3,28
Tamol #7351 AR 32.5 3 0.10
' ' Potals | 3,049 100,00

| Water ~ 16,830 1bs.
Water/solids « 5.53
Molar 6&0/51.02 = 77

Factora:.
Calfquicklima = Pk
840p/Celatomn = .83
5102/2‘:3.3.3’ - #115
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At the tinms of writing, there are 10 basic changes indicated 4n this
foremiation. There is, however, comtimming search for jagredients that
would lower the "k* factor of the product without necessarily taking part
in the chemisal reaptions involved fu the formation of the desired product,
If such an ingredient is found, the smount esployed in the formwlation wili
in all probadility be minor in respect to the linme and silicecus materials,

Arrangemsnts are underway 4o conserve the slurry carried by the water
in the pericdic wash—cut of the mixers and lines, and to return thia diluvied
slurey to the batch. It is algo proposed to return gt least & significant
portion of the waste Kaylo material resuliing from ftrim and off.yare to the
hatch at the sarliest possible dave. Certain adjustments will be made so
that the proportions of the sclids te each other and the ratio of total
golids to water do pot differ from those in the foymuiation given above.

Formulaticn for m‘m-—&.ﬁ Core Materisl

. Given below is the formulation employed in the wmascfactuve of Kaylo-1s
ore Material, It is sopetimes referred to ay Hydrate Cors to distinguish
it from another type of Faylo«i0 core produzed sariise,

Weighed Amount - - Dry Weight

Raw Materisl ) - {Pounds ) gmm} Peygeant
&0 chrysotile asbestos 150 - 150 3.00
LX chryactile asbestes 300 30 . . 8.23
Fydrated lime 1,800 3,386 38.02
Tripold 3,400 3,400 38.u0
Celatom - 318 360 L 9.7

Fotais’ R 3,6u6 100,00

Watear «~ 10,200 1bs.
- Watew/solids = 2.9%
© Molar cw/smz_ w W82

Cal, ted lime = ,73 |
: 540 Tatam v oom G 83 0 o
. Siﬁzftr{p'bli. DT w99 e

01 062.04895




This formulation yislds a product that lg satisfactory as to strength,
but the ware i3 often subilect to drying cracks in the process. Tus formm~
lation for Kayle-10 core material should be the object of fimrther study.

The writer feels that mere reinforsing, either ashestos Iibsras ox the
{ibrous wollastonite C-101, should be employed. It 43 also fell that an
improved pruduct would reselt under comditions of practical astoclaving
cyules 4T the molar CaD/8i0, ratio were to be lowered to abont 0.735.

T4 will be cbgerved that Lydrated lime ingtead of guickiine is used. K4
Tivis is done to keep the gonsistency of the slupry Jow snongh for it to be
kandled satisfactorily in the casting operation., It would be adveutagecus
i quicklime conld be empioyed, Hydrate is more expensive for a given Cal
content, deterdicrates muck more rapidly, and represemts an additional raw
material to handle in the plant. PFarhaps sops combingtion of asbestos and
wollaxtonite C«101 can be found that will provids adequate reinfareing and
will contribute lass to the consistemcy of the slurry, so that quickiise
can be uged for the Kaylo-lO core formulation. |

: Formerliy, s Kaylo~10 corre materisl that was satisfactory in most respects
wns made from 8 formmlation in which portland cement sugpl:.ed mest of the
Iize and silica. T& had heen designed vo £it imto the Sayreville cparaiion,
which required a very rapid rate of prehardening. Farly in July, 1957,
complainte were received from & customse stabing that Kaylo-l0 core exbibited
greater abscrotion of the adhasive in the laminating operation than did a
coupetitive caleium silicate core material, Ths changs to the sbovs Lydrata
formulation in July 1957, resunlited in a materisl showing considerably less
abgorpiion of glue, and equal to compeiltive msterisl in this respect.

Formmlation for Kaylo~20 Thermal Tnsulation

At the tims this is being writtan, therw sre twe schoola of thought in
regard to the optimum forwuiation for Raylo-20 thermai insuniation. Both
groups cau rresent data supporiing their contermtlions. OSome feel that ths
1,007 molar Cal/Si0n ratic of the formmlation currently employed 43 too high
for the amsunt of avtoclaving parmiasabls at present rates of produwrticn.
Qthers are of the opinlon thet the preat quantity of sxcellent ware prodnced
from formmlations having this Cal/S10, ratic indicates that it is satisfactory,
Toe writer is inclined to fael that the 1.017 valoe represents just about
the maxinmmn, and if £or some reascn the ware does not receivs the customary
amount of autoclaving (the prescribed time, preasurs, &nd temperature),
higher than normal smount of shrinkage at L800OF will likely resuli. For
this rezscn, ha feals that a molar ratic of about .95 wounlid prove more

satiafastory dsy in and day ount.
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Following is a formmiation typical for the production of Kayle-20
thermal insulatdon. The actual ynantities vary depending upen ths amount
of glurry reguired for the particular train of molds to be filled, bu'b
the relative amounts of the ingredients are held congtant:

Weight

Haw Material \ €Pound_a) Parcent
We3 amosite asbestos 375 13.00
&) chrysotile asbestos 150 5.20
" BE chrysotile asbentos 50 1.73
Quicikiime . 1,025 . 35.52
Meipold 1,028 35.52
Rad iron oxide | _ 13 0.38
. Wollastonite P} 250 8.65
Totals 2,886 100,00

Water - 13,515 lba.
Water/solids « 4,71
Molar CaQ/S$10,+ 1.017

Fuctors:

Cal/quickliima = 9k
SLi0s/5rdpoll = 99

T4 i» possible that an Snsmt ingredient may bs added in the future
to function as an opacifleyr to infra-red rays, Xaylo-20 thermal fnsuiaztion
+3 designed to serve at temperaturs ranges whers radiatdon is an important
factor in the ¢onductance of heat. Extiremely rinely pround zirconm is an
exanple of & materisl thay exhibits suse opacity to infra«ped. A trial
run of Kaylo-20 thermal insulation containing 5% of zircem is swaiting test,
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Fopmalation for Xavlo=20 Core Material

Ag iz the cass with Kaylo~20 thermal jnsulation, there is alsc 2
differencs of opinion as to the best molay Ca0/8i0, for Kaylo~Z0 core,
The ratio wan reduced to 977 from 1,00 in December 1958 with resulis
that are not too ¢lear cut. It is the writer's oplnion that this ratic
is still semewhat on the high side to be safe for plant production. In
the curvent formulation given below, the computations are based on a
Cal content of 73% for the hydrate. If by chamwe the Cal contant for the
ot actually used was 7LY inatead of 737 ss fmzmi 3..:: the test sampls, a
molar Cabf$10, ratio of 99 would sbtain. -

The hydrate content 13 varind in accord with the amount of available
Cal fourxl to be present in tha teat samples, _

The zonmg bateh &5 basea on & 3% Cao hydrate.

- - We edmunt Weight
mxnterial 1?: DZ'.?‘ )

{Pounds) Farcent
X chfyabtm asbegtos | 550 : -3 14,83
Hydratad lime 1,880 1,448 39,06
Tripoli 1,520 1,520 40,99
Sed iren axide 15 | *18 R A
Wollastonite Pel s ... _ms 1,72
Totals . 3,708 100,00

Water - 10,005 lbs.

Water/solids = 2.8)

Molay Ca0/Si0s w J9T7
Factorus

Cal/hydrated lime =» .73
' 810,/tripoit = .39 .
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Chapter IV
ROLE OF THE VARICUS RAW MATERIALS

Asbastos

The ters asbestony iy not dafinitive of any specific chemizal compound.
1% is & general term applied to auy natural mineral thai tends to cceur
in a fibrous form. Throughout the years, various minerals in thig form
have been iried in Kaylo foruulatlons, but only two, chrysctile ashestos
and amosite asbestod, have proved to be satisfactory quality-wise, or to
be econmmically fessible.

Asbestos is employed for twe purposes. First, 1% 1s an effectlve
suaperding agente. With proper fiberization, it is posaible to obtain stabls,
nonegettling suspensions of ag little as 3 or L¥ of asbestos in water.

This Jackstraw arrangsment of fibers is capable of supporting and keeplug
other solids from settling out of suspsnsion in cilute slurrisz. It makes
posaible the creaticn of the stadle suspsnsionr of high water content
necegsary for the production.of lightwaight products by our present process.

- Second, ssbestes fibers provide reinforcing. 7They nol only tand to
prevent cracks fram originsting, but they mlse temxd to held the plece
togather after 8 crack has occurred. The lattar fupction i coammonly
rafepsred to s hinglrg.’®

is recently as 1539, ths role of asbestos as & reiunforcing naterdsl
vas not sppracisted, amd it was even later that ashestos wias amployed %o
make light density produsts possible. The firsi Iydrous calclum silicale
sroducts wanufactured were of relatively heavy density. IThey were fomnd
40 be subject to severe cracking, and even to disintsgration with time when
exposed to even moderats temperziusre changes, and to changes In humidity.
The cementitious phase of Kaylo~l0 products is essentially tobermorite.
while this compound 43 ewyutalline, the crystals ars %o exiremely fine that
the strusture tends to bebave as though it were & gal. That is $o say,
there i3 significant swelling or shrinking with changes in moisture comtent
bronght shout by change in surroundings. Rsinforcing in the form of ashestos
i3 necesaary to stabilige this gel«like structure. On the other hand,
Kaylo-20 products sre camposed of xonotlits. This material is more coarsely
crysytsiline and the crystala themselves are neediewlike, Heavy density
Rayle-~20 products are not subject to the cracidng tandency exhibited by
Eaylo=i0 vare.

Attempts have beers made to subatitute other fibers Lor asbestos in
varying smounts. Glsss fiders of alkali resistant compositions heve been
tried and these failed on two counts. Iz the first place, contrary 1o the
behavior of asbestox, thery tand ic clump znd ball~up, insteasd of becoming
evenly dispersed throughout the slurry with nixing. In the second place,
ever the most resistant glasses exhibited an envelope of altered glags about
the fiber. As a consequencs, & satisfactory bond did not ohiain betwsen
the hydrous calciwm silicate and the unaliered poridon of the glass fiber.
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Fiberized bagasse has also been tried without suscess. This organic
material utdergoes scme shyinkage in the processing and withdraws from
intimats coptact with the cementiticus phase, rending it of 1itile use a3

. a reinforging fiber. . .

Limited amounts of the fibrous mineral wollastonite are now being
used for reinforcing in certain formnlations. Mors will be said of this

1zteyr.

Chrysctile

 Chryaotile asbestos is essentially hydrens magnesium silicate of the
same chemical composition as its mother rock, serpentine. $he pure mineral
has the formula IMgD.28102.2820, but camercial fibers ixvariably contaln
smounts of othar oxidas as impurities. Chrywotile is rather widely
distriboted, but about 60F of the woridts market is supplied by Caneda and
abdont 207 by Russia. . i e . .-

. ¥ost -of the chrysotile coming from Canada iy graded and labelsd sccording
to & uniform system which 19 universally recoguized. The grading syatem

i8 arranged to divide seven main groups of asbestos into mere than twenly-
five grades. Standardization of the variocuw grades is produced and main-
tainsd by regular testing on the Quebec Standard Testing Machine, This
equipment consista of a nest of 3 screens and & pan meagurinsg 2udfx 14-3/4"x L°
deep, resting on & tsble which is novable and is dedven by an eccemiric -
rotating in & vertical plane at 328 rpm. The screen sizes ave 2, §, and -+
10 mesh, respectively. A timing device sllows sxactly 600 revolutions per
test. Testing is done on & lé~ounce sample repressntative of the lot. The
gample 1s divided into four fractions by the actiom of the Yesidng machine.

The weights in cunces of the fractions retained on each of ihe ihree screens
and that caught in the pan are recorded. These weights deline tha guamiity

of the warious fider lemgihe in the sample, and in this manrer sstabliish &
cayrtain grade, The grester the proportions of longer fiber, or ths greater
the azounts on the coarser screend, the lowar the rimber designation of ths
grede. Within the numerical grade there 1z alsoe furthey gradation defined

by a4 letter of the slphabet; tha lower ths letter in the order of the siphabed,
the greater the proporiions of the longer fibers,

' Chrysotile fibers tend 40 be relatively short. The price increases
rapidly with increase in fiber length. Certain grades of long fiber may
seil for considerably nore than & thopsand dollars pey ten.

In Xaylo formulations, grads 4K and grads 6D ave currently used. The
-dalivered prices-are about $226 and $i02 per ton, respectively. The distri-
buticn of the fibers in these two grades are:

On #2 mesh On#lt mesh  On #i0 mesh In Fan

& - . 0 iy Qe o 9

01 062 0300




i

Chrysotile of good quaiity is a soft, yet strong fiber. The individual
fibers of a given grade are in reality bundies of much finer fibers. As
such they have fine "hairs® srotruding from the sidey, and {end to axhidbit
broomed -ands, It i3 this makewup that i3 respensible for their remarkable
ability to ztay in suspension, and to support other solids in dilute sluwrries.
This structirs alse tends to hold watar within it, and fmpartas non~bleeding |
characteristica w & slurry. The difference in structure befween chrysotile
and glass fidvers acceounts for their d4ilferent beharior when incorporated in
alurries.

Althongh the grading and lsbeling of Canadian chyysotila is rigidly
¢ontrolied, there ars differences in gualily of supposedly the same grade
from different sources, &u far as being an ingredient in Kaylo products is
¢consarned. Tha vardoua chrysetilas may differ in suspending power, and
differences in inherent strangil may be reflected in differences in streagth
of the ware. The only means known at this time to detect these differences
i3 in the testing of the resulzing Xayle siurries and products. 7o date no
Canadian chrysotile haa proved ag satisfastory as that of J-H. However, the
search is contimulng, and 1% is Hkely that other sources of supply will be
founda

“he Canadian system of labaling does not necessarily apply to chryuotile
from other countries. As & rule, samples-of the varlous grades must be
obtained and attempts made to ¢laseify them on the Canadizn basis before
gholees are made for trial Kaylo batches. Limited amounta of Venezuelan
chrysotdle have been used with guccegs when blendsed with J-K materdial. It
iz questionzble that it could be used %o the sxxinslon of the latter,

As mentioned abovs, chrysotiie is a hydrous caspound, That is 4o say,
water iy an integral pard of its ¢rywtal structure. For this reason 1t
begins to disintegrate and lose strength at relatively low tesperaturas ixn
torma of thermsl inwulation. A4z recemtly as 1955, chrysotils was the enly
type of asbesaios sxployed in Taylo thermal Azsuwlations. The demands of the
trads for greater stability at higher temperaturs, and for reducsd thammal
condustdivity, led 1o the use of a ble.nd of amocsite asbestos with chrysotiles
in Xaylo thermal insulatdon.

dmogite

Ancsite iz sssentially an anhydrous ferrcus silicata. When pure it
haa the formula, Fel.5i0p, Usually thers is scms MzC in the structure, along
with & 1ittle CaD., The fibsrs tend to be very much longer than those of
chrysotile. For the grades used in Kryic batches, & large percentage of
the fibers ars 1ongar than one inch, with some ranging up 40 sbout thres
inches or more. Almost all of the fibers ave longer than 3/87, The dalivered
prices at Berlin for these fibers are sbout §196 to $210 per ton. In com-
paring these prices with that for 4K chrysotile, it is evident that a fiber
of wuch greatar length 1 obtalned &t & smmt iower con.

Africa is the onty mwrmt ccmercia.l aource of mosd.te asheston.
Fach yroduser, who may buy crude from many socurces, uses his own system of
nomenclature for the varices gradas. Aside from fiber length, the guality
of amogite in yvespect o strengthy britileness, gangue content, etc., may vary
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greatly frow vemder to vendor. Prices for materdal of the same quality may
also vary considerably. However, it bas been found that the quality has
remained guite constant of given grades suppiied by North American Asbestog.
Prices alsé have compared favopably., From what has been learned, we preasently
appear tc be in a position of a preferred customer of North Anerican.

As mentioned above, amesiip is an anhydrous cumpound, which mesns,
of course, that it comtalng ne water as part of its structure. Fartizlly
for this resson, it can withstand higher vemperatures than can chrysdtdle
before breakdown begins. The gubstitution of amosite for chrysotile resmits
in products baving lower shrifkages at elevated tamparatures.

Anothay factor in favoer of smosite is thet lower "k* factors, particularly
at higher mean tempsrabures, resuit in the products when it replaces
chrysotile. This is believed to bs due to the fact that it s an iron
compound snd 28 such is more effective in dlocking iufra-red radiation.

Same of the ferrous ireon of the amosita apparently underpoes a base exchange
with the limé of the batch, and becomas dlsseminated thrvoghout the entire
hydrouws calciwm silicate astrmeture. That the entire body of the product
becomes uniformly pink after being sushiected to high tamperatures is eviderce
of this., Eaylo products containing only chrywotiie remain white. Just how
wosh iren apd iisme ate involived is net known. A sindy of this phenomencn
would be most worthwhile. I the amcunt of lime that takes part in this
reaction iy significant, and 1P thes lime iy thus prevented from combiniag
with the silica to form hydrovs calcimm siidcate, the true Ca0/S10, ratio
nay be different {reom that designed and intended for the formation of the
degired hydrous calcium silicate. '

St411 another srgumant for the use of a cartain percentage of the sabsstos
as amosite, ia the pouring charscteristics Imparted to the slurries.
a stiffer fihey, its presence makes for a slurry less prone 40 result in
eddies ag 1t 1= being cast into the molds by present pethods., This differw
entlald movemant within the slurry, with one pordlon gliding cver another,
rexullis in slip planes or discontinmitiss within the ware. On the other
hand, too high 3 proportion of amosite resuils In & "harskV sluwrry wkicsh
tends $0 foid or tear as it is being cast in the mold., These patierns are
carried over into the finished ware as defecis. - .

While high amoaite contents may yield s slwrry that holds the solids
wall encugh, this stif¥ and relatively open framework of fibers may pemmit
the loss of water by blesding. Consequently, & blend of amosite and
chrysotile im employed in the production of Kayic thermal insuiation to take
advantage of the faverable characteristics of each. However, in a process
that does pot involve the holiding of the sluwry for any length of times undeyr
qulescent conditions, bleeding is not a provlem and scolely amosite will moyt
likely be used, This was true for the baitch employed in the tubnlar molding
operation, which was recently discontinued.

% 48 of interest in this connection, that J-M uses only amosite in iis
procesd. Since a very dilute slurry, 20 0725 water/sclids ratio is employed,
harshness iz not a problem. Hor doea this slurry remads quiescent. Forthey-
more, the melding lu & press and filter operstion, which requires that the
alurry possesd a high degree of frsaness, Thus JuM is able to ftake full
agdvantapge of the characteristics of amosite in both the aluppy and the product.
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The latest survey of campetvitive hydrous caleivm silicatey ravesled
that all but J-¥ Thermcohestos comtained 4 blend of two types of asbestos.

Only chrysotile ia used for Xaylo«10 and Xaylo«20 core materials.
Thin is dope to cbtain the optimme prourding characteristics with thage
slurries of lower waier content, .

- fardder it vas stated {hat only chrysotile and amosite types of asbestos
kave bsen found to be satisfactory, or to be econumicslly feasibie.
Crocidolite asbestos gives highly satdiafactory performance, but prices
have bean oo high to permit its use. Like amoaite, it comes from Africa.
in fact, deposits are frequently closely associated. It iy cammonly called

- %blue asbestos®, and has the complex formula, Nas0.3Fel.Fe03.85102.H0,

Wollastonite

Comsents on wollastonite are i.nsemd here becagse it is a fibrous
‘material and is used for reinforcing of the hydroms csiciwm silicate in

Faylo procducia.

Wollastonite is anhydrous momo~caisium silicate, CaC.5i0r, It may be
made gynthetically, but we are cormcerned hsre with the nat minsral,
It is supplied in several dagrass of finensss frvm & source 14 Kew York

State by Godfrey L. Cabot, Ise..

1t will be recalled from discussions of formulationa in Chepter ITT
that grade C~10) waa used in Kaylowi0 4thermal insulatdon, and grade P-1
in Xaylow20 thersmal inmulstion and in Kaylo-20 core.

The 0=101 grade 58 a reiztively cosarse material having nesdle-iike
orystals wp o L/4" in length. It 48 used to replace & part of the azbeatos
in an amcunt of 100 Jdva. for 100 lba, per batch. It functions aclely sa
reinforcing and doea not coniributa to suspension. Therafors, the amount
that can be substituted for eshestos is limited, I¢ has all of ths prope
erties of a good reinforcing material, being strong, baving good adhesion
to tha binder, and basing unalfacted by hest uwp to temperatures far beyond
the limit that either type of asbestos can withstand,

But perhaps the. greatest advantage is to be found in its low cost,
ahomt $25 par ton delivered, campared with sbout aight times this amennt
for the asbagios i3 replaces. At a replacement of 100 1lbs, for 1O 1bs.y
3 savings of sbout $10 per batoh is reaiized. On & typical day, a total
of 28 to 30 batchas of Kaylo-ld light density alwrry may be poursd, Woilase
tonite C-3101 first wenmt into the batch the iatter part of Auguat, 1958.

Both Eaylow10 and Kaylo-20 core formuistions st present esploy hydrated
lime ingtead of guickliime in oxdar to keep the consistency of the slmry
low emough to permit it to be cast satisfactorily. The writer feels there
is a sirong possibility that if gunicklinme were substituted for hydrate,
and wollastonite C«101 Lfor a part of the. ssbestos, a satisfaciopy slurry
and 38 good, if noy better, product would yeszlt. Studiss are indicated

on this subject,
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Wide ume of wollagtonite can be sxpected if and when the manufacture
of specialty items becomes of consequence. This especially apriies to
relatively high density xonctlita, or Kayle-20, bodies. Ixperimental pieces
of a body cospozed of S0% xonotlite-h0R wollastonite C-101 at & density
of 50 pef have shown a moaulus of rupture of 390 psi. After heating at
1B00SF for 2y hours, the modulus of yupture was 220 psi and the material
had undergone a shyiokages cf only C.6%.

Wollastonite F-l is an extremsly fine, ar pignent, grads. I% ig used
in both Kaylo-20 thermal insulation snd core batches. 3Being of pigment
grads, it is, naturally, higher priced than C-101, but #till is much cheaper
than asbegtos, Whether or not it is preferable to C-101 in Kaylo~20 batches
i3 8311l & moot quastion, and should be resolved sommiime., Flant personnel
are reluctant to charge because of sstisfsctory experdence with the finer
materisl. It should be mentioned here that ro thickending of Xaylo-20 slupriss
cceurs &t any stage prior to antoclsaving, so that theas siurries remainm in
a fluid state for longer periods than do those of Kaylo-10 formilations.
Rleeding, or loss of water, from the cast ware cen he of major concert.

This could be a determining factor in a choice between the finer and the
soarser grades of wollastonite.

1dme @ ..

line, of course, supplies the Cal to combine with the 5102 of the bateh
to form the hydrous calcium silicate binder. It must be a high calelom lime.
Highly impure limes, or dolamitic limes, coniaining appreciable amounts of
magnesis are unsatisfactory. The magnesiue silicates which result from the
rasztion of MgO with 310, do not funeticn az a cementitions matarial, 3Bzt
sven worse, the dalayed tion of Mg0 to Mg(OH), involves expansion and
reanits in a4 disrupiive forcse after the Xayio mass has sed up.

Fortunately, the composition of the product 1y closely controlled by
reputable producers, and reazosably constant guallity can be expacted frem

RUy One¢ 30HUITo.

Quickiinme

Quickiime is employed in both Kayio=-1C and Kaylow20 thewmal insulation
formulations, &y means of controlied conditions of hydration during thas
batch mixing operstien, a "fat? Lime putty resulis which contrilbumtes largely
0 the desired noneblesding characteristics of the siurry. For this and
othey ressons, a very reactive lime is needed. To mest thase needs, &
Hgaft® hurned lime, yet fres from sxcassive amounts of uncalcined limestons,
i3 required. Xany producers cater to the steel manufacturers whe prefer
& Phard" bdurned lime. Sush limes are not generally suitable. I has besn
the experience at Berlin that no readily avallable lime was ouile as satis-
factory ss that produced Ly Warner Company fran its Bellefonte, Pennsylvania

*
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Hydrated Line

Cureently, hydrated lime ig used in whe heavier density Xaylo-l0 and
Xaylo=20 core formulations. If guicklime wers to be amplcyed in the present
formulations, the vonsistencies of the slhurries weuld prove too high for
satisfactory handiing in the casting operatlon.

Commereial hydrate has certain disadvantages. The deliversd price is
higher for & given Cal content, and it iz more suscepiidle 4o daterioration
duping storage. Small inventories and frequent analyses must b2 the practice.
Tt is hoped that further studies of core formmlations will result in modi-
fications which will permit the use of guickiine.

S3)lice

Two forms of 3ilisa sre used in the Eaylo~lD thamal insulation and
pore fornmulations, They are the crystalline tripold and the amorghous
diatomacecus osrth., EKaylo=20 formmlztion contain only trdpoli at the present
time, but limited amounts of distomaceous earth, up to aheut 208 of the
siliceona fractioh, have been used in the pasi. The amcamt of diatcmacecus
warth that c¢an be empldyed in Kayiow20 formmuations iy limited by its re
active sluming content. Actuslly, it was found in laboradory tests with 2
diatamacecus earth particolarly low in AlsC3 that high guality Kaylow20
products wers formed more readily when the sgilica frastion consisted of
60% erystaliine silica-40% diatamapsons sarth than wher composed of entirely
grystalline silica. But larger ahipments of this particnlar brand of
diatomaceons sarth proved to have higher ziumina conmtauts amd to be quite
variable in thiy respect. Comssguently, advariage eould not be taken of
the charasteristics shown by ths laboratory sampls.

Amorphous ailica in the form of silica gel is smitable fur both KaylowlO
and Kayio-20 formulationg, but the cost is much too high for use 43 & raw
materisl in productien.

Tripoldl

"he term ftripeli has different connotations in varicus countries and
in the literature. In American usage, tripoll ia a microcrystalline quartz.
There are two axtensive deposits located in southerm INlincis and in Arkmnsas,
Both are baing &xploived. The materisl deing ussd a% Serlin comes from the
former, and is auppiied by Illincis Minerals Compruy.

While 4% A3 4in reality a quarts, the microcrystalline strpeture rexiers
it muck more reactive than ordinsyy quarts of the sume screen finsness.
The dalivered price &t Berlin is $28.06 per ton for 5% minuva 325 mesh,
cempared to §15.40 for quartsz ground to the same fineness. This represents
& ditference of $2.18 per batch of XKayle~iO thermal insnlation, but -sxperience
has shown that the redustions in cyiinder time made posszible by its uvae more
than compensate for the added cost of the tripoii. For the autoclaving pericds
accepted as standard in plant operstions, greatly inferior ware resulis when
guarts replaces tfipeli. Or stated differently, longer andoclaving is
required fo obtain ware of the same guality when quartz iz employed.
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Attemprs have been made o inorease ths reactivity of ordluary quart:z
by grinding to extreme finepess, bur the reactivity did nov approach thav
ef tripoli of a 55% minus 325 mesn fineness. This experience inuicates
that the procsasing of plate glags grinding wastes to previds 3 somree of
silica doea Dot hold great promise. :

In the formulation foy Raylo-10 thermal insulaticn, she tripoli con-
stinutes 303 of the total silica. In the Xayle-10 core batch, the tripoli
accounts for about 798 of the sityceous fraciion. :

" Celatom {Distomaceons Farth)

Celatces i3 the trade name of the diatomaceons sarth produced from Nevada
deponits by Esgle~Picher Company. This vender selscis meterial from only
cartain strata and blends it for cuy use. PFrior to shipment, each lot 3u
tested by thelr guslity conirol lakoratory for organic matter content, waing
the mathod and standards prescribed by ua, to assure that the organic content
is safely bBelow injurdous jevels (about 200 ppm). This tested and spproved
product ig labeled Celatom N-370. The resulin of these determinations of
organic content reach the plant by air matl before the Celatom arrdives.

Diatompcacus earth, or distamite, is the focasilized remains of diatomde.
Diatoma are microscopic single«celled agquatic plants which have the ability
to axtract siliica from the waver in which they live, and with this silics
build for themselves externa) skelatons, When the diatom dies, this skelston
sotties 10 the bottom and remaine after the organie part of the plant has
disappeared. Over ten thousapd different types cof diatoms have besn idsne
tifled. Natorslly, thare sre great variations in xize, shape, surfice aves,
balk density, eic., anong the distumites. Furthermore, although all are
compoged for the wosi part of agerphotw silics, they diffsyr greatly in the
amounts of Impuritiés or other arvides that they contain. A}l of thesa
different attributes have & besring on the suitability of & particulse
diztanite deposit for use as & raw materdal in Xayle formulations,

L4
Jiatanaceons earths other tham Celstuam N«370 have heen given thorough
trigls. They have generally proved lsss satisfactory becsuse of lasser
reactivity, or necause of vuriable compomition frow shipment to shipment.
In one instance, a vendorta supply of satisfactory diatomite became sxhausted,

While knowladge of the presence of gross amounts of impurities msy
elininate a diatomite from further consideration, in many casss it is
necessary to employ 1t In trial rums in order to evalusts it. Apparently
matyy factors contribute to itz msasure of value as a Xaylo raw material.
Certaln diatomites, although pore ancugh and having high swrfacs sress,
do not resct with lime ag readily as others. Celite from Jo¥ falls in thia
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Distomacecuy sarih is used in the batch for two reasons, First, as
an amorphous form of silica, it reascts veary readily with lime. This
permita the cast ware 40 set up or preharden in a relatively short time at
temperatures in the neighborhcod of 200°F. The preliminary setiing or pre-
dardening of the cast ware greatly facilitates the handiing of the filled
woldy in subsequent operation, and alse makes foy essiler stripping of certain
sizes of vare afier autoclaving, Algo of importancs is that ascheduling of
the cylinders is far leas critical, because prehardansd or set vars can
stand for several hours on the fleor if necessary before being autoclaved.
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The second reason for using distomite in the batch is its condyidbution
to the thickening of the slurry, giving it greater water-retaining and
fiop-gattling characteristics. It 4s trne that no diatomaceous earth is
employed in Kayle-20 formulations, but Kayle-20 products camnot be made
at as low apparent depsities. The minimum dengity of Kayle-20 ware that
is peow practicable in production is abowi 12.5 pef. That ls to say, the
aogence of diatemacsous eartdh in the formulation makes nacessary the use
of alurmies of lower water/solid ratiocs.

Since the water/solide ratio of the Xaylo-il cors slurry is leas than
that for Kaylo-i0Q thermal insulation slurry, iess diatomacecus earth iz
required %0 give the same yate of prekardening and the same water-retaining

gaay

Tt was mentloned sarlier that it waa advantageous Lo have & Limited
amount of reactive aluming present to enter the sirusture of the hydrous
calodmm silicate which comstitutes the body of Xaylow~l0 ware., A4 fine grained
china clay (kmolinite type) is & most satisfactery and constant somrce of
reactive aiwmina, and the zilics of the clay is also reactive. This type

‘of cisy 45 used in an amount of 3,28% of the solids in the XaylowlO ipsu-

lation batch, and 1,374 4in the Xzylow10 core formulation.

Thess amounts appssr to he about the optimum in each case from {he
laboratery studles and the plant trdals that have been made, Sirangihs
are greatly improved, and low shrinkeges at elevated temperatures resnid
in the product. The presence of scmewkat higher gqusaidiles of aluming

results in Ware showing sxcessive ghyrdinimge at high temperatures. Thus,
it is essential that the alwmina content of thes formuiation ba ciosaly
controlled. Large variations in alumina contant of the dlatomaceons earth

fraction render this comtrol mogt d:x.f{innlt.

Claye other than a kaolin or china clay might bs used, but the uss of
a high grade ching olay insures that objecticnable dmpurities such as organic
mavter, sulfates, chlorides, et%e,, are not & problam, There ia ewviderice
that bentenite clays incrsase procesaing shrinimge.

Aluming in the form of bhauxite i.s not reactive in the Xzyle proceas.
Tnert ents

Studies have skowm that the inciuvsfon of sxirewmely fins fneri ingre~
dients in the batoh reduces the thermal conductivity of the product
remarkadbly. Throogh the addition of 114 of fine inert materials to the
batch, combirned with a change to a blend of smosits and chrysotile instead
of chrysotile alene, the "k® factor at $50°F mean of the plant product has
bean redoced about C.ll from what it was in 1965, It 14 believed that this
effect is mainly dve to the ircrease in number of interfaces betwsen dis~
2imilar materdaly encountered ag heat flows through the insnlation. The
studies have shown that combination of additives is better than & single

ineyrt substance.
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A great mumber and variety of materials have been found %o be effective,
and the choice for use in production is dependent upen a mmoer of factors.
Requisites for a satisfacltory adcitive of this nature are: it should be
inert and pot interfere with the formation of the desired hydrous caleivm
ailicate; the finer the grain size the batiter; infrawred blocking preperties
give an added advantage; 4t should not impart undesiraple color or shade
Lo the product; it should e readily available and cheap.

Carbon black is by far the most effective additive found to date for
lowering "kR factor, but its high cost and the darkening it gives %c the _
product ruie i% out, for the present at least. On the other hand, limestone
ground o pass 200 mesh i3 not as affective, requiring 107 addition to produce
the same amount of lowering of "k® factor as 2% of carbon black, but it 1s
by far the cheapest of ail of the hateh ingredients and dvey not cause &
color change in the prodost,

. The considarsbly cheaper ground magnaiiia, ?e30h, has been found 40 be
aimost as effective as ground chromite, Fe{Cr0p)z, but the lattar does not
darken the product 43 much. '

As to ha expected, there 1o some reductlon in strength of the product
as the amount of fine ineyt meterdal in the bdaich drcreszses, Thus Iin lovering
the thermal condnctivity by this mesns, some strength is sserificed. Conse-
quently; a compromise mmst be reached in this matier. The present formm-
lation calls for 7.87% of limeatone and 3.28% of chrumite for & total of
11.15% of additive. It ia likely that 11¥ of limestons and 4F of chramite
could be carried without reducing the strength to a danger polnt or whers
it would ba ¢bjacticnable to the cuatomer. A raduction of .03 4in kR fastor
at S500F mesn could be sxpectad, However, the plant sxparisnced & pericd
of low atrengths in 1957 while employing 158 of additive, and may ascoxdingly
object to the return to this much. Bud the formulation has been chenged in
several other important respecta since than which have all contrihuted ¢o
higher strengihs, and reoccurrence of the low strengiha of 1957 ia not te
be axpected. A return to 157 of additives will not be propcsed, however,
wnti} it has been first established that a product of more than smple strength
can be made consistently with the return of wastie slurry and of scrap fayle
mnatayial to the baich, Thesa two modifications to the datch are proposed
Loy tha immediate future, ' -

Periaps research will in the futorea revesl an addiilive more effective
than amy now known, amd £t will not be necessiry ¢ employ quantities to
the sxtent the strength is seriously affected in crder to obtain k% factors
that compare faverably with those of campetitive materdzls.

Groungd Limestons

Ae mentionad sbove, ground limestone is one of the inert additives
now in the Ksylowl0 thermsal insniation formulation. It fs supposediy a
by~product in the lime industry, being toc fine for most purpeses. Naninally
it ig 90% mirus 200 mesh, but most of the grains are na fins as face powder.
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Althongh it s added to the batch to decrease the thermal conductivity of
the procucy, & cheaper batch results as a4 bomus. The delivared price of
the bagged material at Beriin is only $11 per ton. The average of ihe
ryices £or the other ten solids of the formulation 8 Ju.778 per cwt.,
while that for limestwone is only 30.550.

The preasent material i3 a high calelum limestons, but a colomitic
limestone would serve as wall. The finenesa is the important factor in

this cage,.
Chromite

Iron chramits is the gecond additivs being used 1o lower the k% factor
of the Berlin product. It has the added advantage of being effwctive in
blocking infra-red radistion. This particular material is known as aiyw
float chromite, and is avallabie commerciaily, being a bateh ingredient

in cartain glass container planta., The dalivered price of bagged material
iz 22.6%3 per owi., which is 9till cheaper than the sverage for ths other
ingredients. ' '

Surface Active Agenus

Tamol #73)

Cartain surface active, or dispersing, agents ars effective in insreasing
the flutdity or flowability of a slurry. Tamol #731, which iz supplied Wy
Rohx and Hags, 38 of this class, The addition to the Eaylo-l0 insulation
batch was begun on Hovember 10, 1958. Tt is employed in an amount of C.10%
of the waight of the solids, This addition has proved most valmble in
imparting excellent ponring characteristics to a aluwryy that was otherwise
toe thick and =viff to cast properly. The incldence of air holes and folds
has been grsstly reducad in molded pipe covering. While It doea add $2.34
to the bateh cogt, the saving respliing from 8 lower mmount of off.ware
more than ¢ompensates for this increase.

Tamol #731 13 a new development, and Berlin was one of the first cus-
tomers. Promise hes bsen mads of lilkely price reductions in the future.

A satisfachory dispersing agent for EKayio slurriea Bas been the subjlect
£f research for severs) ye=ara, Many have been wried in the peat, dbut their
use wag goon shandoned for one of two reasons: either they ware foam formers
with & resuliting unfavorable affect on the "k* factor of the ware, or they
caused unaightly staining of the product. Tamol #7131 has neither of these

disacvantages,
Coloring
Red Iron Oxidns

A =mail amount {about 0.3%) of fine red iron oxide is added to both
typen of Kaylo-20 batches to give a pink ¢olor to the product. This ds

done to distinguish the were on sight from corresponding Kaylo-10 material,
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Chapter ¥
RAW MATERIAL SPECIFICATIONS

the specifications as given here are not to be considerasd as being
in finsl or standard form. They are actually compilations of the properties
and requisites of the various raw materials, made to serve as the bases
for the drafting of formal specifications.

It shomld be emphasizad that passing a specification based on con-
formance te a limited mumber of chemical and plysical propertles is no
REsgrance that one material will funcitdon an well aa ancther in Xaylc
formolations. Certain veriables can exist that are not sasily detacted
except by observetions of bebavicr of the materials in trial runs of taiches
containing the materdial in question. The specification for esch ingredient
should contadn a clause statihg that it shall prove to ba satiafactory for
uge in the production of Keylo products. Pinxl grounds for acceptance or
retection of & pardicular material should be vhether or not it compares
favorasly with standard performance in respect fo speed of processing and
to the gquality of the product. '

No new source of any of the batch ingredients akould be given final
approval, before rans of laboratory and plant trixl batches have bsen mads
and favorable resulis are obtalned. '

Once & material has been approved, 1t iz one of the functions of tha
Proceas Contyrol Engineering Section to comduct the necessary tests in its
laboratory at the plant to insurs that no significant variation from spsci«
fications occurs. It im alsg the respormibility of thils group to advise
ag to corrective muasures to be taken when the character of material on hand
haa changed dus t¢ conditions of stcrage or other ressons.

Corysotile Asbestos

Chrysotiles shall conform to the following reguirements and in zddition
prove suitable in plant triais for the production of Faylo products.

Two prades of chrysotile are required for the production of Xaylo
prodncts, & shingis Ciber and the shorter, stucco or plaster fiber,

The former shall prove 1o be the equivalient of Orade LX or better in
the Quebec Standard Test; the latter the equivalent of Grade 60 or betier.

The verdor shall gusrantee that each maverdal is of the chrysotils
variety of agbestos. Optlcal properties rather than c¢hemical analiysis are
to be the basis for Judgment in case oi:'_c_li#p?te_on thiz point.

Marieps imparities:s CL 208
A (P S0y .75%

The chrysotile =hall be supplied in bags of uniform welight, with the grads
of the material marked thereocn. Compressed material in paper bags is preferred,

Approved vendors:  Johns~-Manwvills 0l 062 83?&
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Amosite Agbeston

_ Amosite shall conform to the following requirements, and in addition
prove sulizble in plant trials for the production of Xaylo products.

There is no uniform syeten employed in the grading of amosite asbeatos.
Generally sreaking the gradss of interest conslist predoaminsatly of fibers
longer than 3/8 or 1/27, and about 20 o 5% 101:33:- than 1n,

The amosite shall contain mo more th&a 2.&% of nonwfibyous materdsl
present &8 rock or dust,

The chemical composition shall conform voughiy to the following:
50% 810z, 63 AJ.203, 37% Pe0, LT MgO, 2% HpO.

. Bafore a new and untried materisl 1s purchased, representative sampliag
must be furnished for couparison with fstandard® fibers az to britileness,
tensile strength, fiber length distribution, ete.

The smmozite shall be 2upplied in burlap bags of unifown waight, with
the grade and manufacturers nane marked thereon.

Appraved vendors: !@ar’hh Aneydican Asbestos Corporation
Palverized Quicklims

X This lime shall conform fo the Lellowing requirementa, and in addition
rrove suitable in plant trialg for the production o Kaylo procducts.

Substantially all of ths pulverized lime shall pass the No, 20 sisve
and after slakdng, not more than 1.0% by welght shall bs retained on this
size screen.

Requirementys a8 to chemicsl composition on &n alr dry basis are as
folliowss
When tasxted at

Flant _ Flace of Hig,

Ca0 Total Min. % 4708 9640
Cad Availables Min, ¥ §2.5 $3.5

80 Hax. x B 3.0 3;0
$04 . Max. % 0.3 0.3

#4,8.T.M. Designation 02547 {sugar method)
The lime shall be shipped in paper 'baga gtrong encugh ¢o withstsnd
normal hsndiing without bursting. Weight of lime i:m each bag shall not
deviate more than ons pound, plus or minus, frum the average weight.

. The bags shall be marked, "Pulverized Lime™, and shsll alss comply
with the 4.5.7.¥, requirements for marking.

Approved vendorst Warner Lime Company 01 062 631}




Hydrated Lime

.This lime ahs.;_i"con.for::n' 10 the following requirements, and in additdion
Frove suitable in plant trisls for the production of Xayle products.

Hot mers than 1.0% by weight shail be retalined on the No. 20 sieve,
noy more thaz 1%5.0% on the No. 200 sisve. :

- Requirements zs to cheminal compogifdon on an air dry basis are as
follouwns: - '
When tested at

_ Plant Tiace of Mige
. Cal Total = Min. & 12.0 X 73.0
‘Ca0 Availablew ¥in. & . . 69.5.. 78.0
%83_ " Max., % T, I i.5
o Hax, . 2.0 o 2.0
505  Max. % - ouzs 0.25

 #4,85,T.M¥. Designation C25-47 (sugar method)
Tods idime shall be stdppad in paﬁar bags strong encugh to withstand

normal handiing withoot bursting. Weight of lime in esch bag shall not
deviats more than one pound, plus or mimus, from the average weight.

The bags shall be marked, "Hydrated Lime®, and shall slso comply with
the A.S5.T.M. requiremsnts for marking. '

Approved vendors:  Warner lLime Company

Txdpolt

Thiy material shall conform to the following regquirementa, and in
addition prove suitsble in plant trials for the productien of Xaylo products.

Evidénce nust Ye presemted that this silice flour i3 produced fram a
form of microcrystaliine quartis commonly known in the U.S.A. &3 "tripoli®.

Not more than 1% shall be retained on the No. 100 sieve, nor more than
5% on the No. 325 sieve. 4t lsast 50% by weight shall be finer than 25 microns,

" Requirements as to chemical composition on Mau received® basiz are:

510, Min. % 98.0
3203 Hax, $ 1.5
Los¥ on ignition Max. £ 1.0

This siliea f1ooi shall bé. shipped 45 peper begs strong ehdugh o wWilhe
stand normal handling withogt bursting. Weight of contents in each bag
:_snm a0t deviate more than ons pound, pius or minus, from the average weight,

o Appme& vendops: Tilinois Kinerals Compary

01 062 03ia
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Distomaceons Rarth

This materia) shall conform to the following requiremsnts, and in
addition prove sulitable in plant trials for the procustion of Kayle products.

Yot nmcre than- 0.1% shall be retalined on the No» 20. siave, nop more than
8.0% cn the No. 325 sieve.

Requ:imnta'u te chemical camposition on Mas recelived® hasis are:

S$10s Min. £ 8040
*-1293 Max. % 7.0
Max. % LeD
Tosad Ry04 Max. % 10.0
Loss on igmition Max. % 9.0

_ Organics Haxe 200 prume

¥hs tested by OCF method, Juns 5, 1956 Revision, aod employing coler
standards 1o be provided by OCF.

"This diatamite shall he shipped in paper bags atrong encugh Lo withsiand
normal handling without burating. Welght of contents in each hag shall oot
deviate more than one pound, plus OF mims, from the average weight,

. Approved grades and vendors: Celatom He370, Eagle-Picher Company
Sy -

‘This matarial shail conform to the folloving requirements and 4n addition
prove suitabls in plant drials for the produstion of RKaylo producty,.

The o¢lay shall be tha china or kaolinite type, and uncaleined,
It shall be pulverized clay showlng o move than 1.0% on a No, 325 sisve.
Requirements as to chemical coxpositicn on ™as received® basig ares

1.03 40 te 50
41507 Range % 35 to LS
33,02-!-31 0, Min. % 8.0

ioos on i%xzition Maxe. £ 15.0
The clay ahall be zhipped in paper bags strong enough to withgiznd normal
handling without bursting. Weight of comtents in each bag shall not deviats
mors than ons pound, plus or minus, from the average weight.

~ Approved vendors: Georgis Kaolin Company
Kraft Chemical Compeny

01 062 0313
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Lizestone Flour

' 1Mmis meterial shall confora to the following reguirements, and shall
in addition prove to be mm:.;e in plant trials for the preduction of
Raylio preoducts.

Extyome finensss is & m;}m- reguisita. At a given price, prefersmve
shall be given to limestone flcur having the smallest particie size. In
any cass, thare shall be no mors than-5% retained on No. 325 sieve; 80.0%
or movre of the limestone shall be finer than 10 microns.

Both high calcium limestons and dolemitic limestons are acceptable.
Reqmmnts &8 1o chem.cal cmpaaiuoa on "as received’ basis ars:

| Cal03 or Caco3+rsgco3 Min. $ $7.0

 Moisturs - Maxs F . 1O
3102 - ¥ay. S ‘LJG
Ry0s Maxe % 1.0

_ This material shau ke abipped .‘;.n paper bags strong anengh to withatand
normal handling without bursting. Weight of contemts in sach dbag shall not
deviate more than one pound, plus or.mimua, Irom the average weight.

Approved vendors: Warner Lime Company
Iron Chromibe

Thin matarial shall conform to the following f@qmemnta, and shall
in addition prove to bs guitables in plant trdals for the produniien «f

Xaylo producta,.

fxtreme finsness ia a mejor requisite. No more than 5% shall be retained
on the No. 325 sileve. A suitabls materinl 418 that known as "Alr Flogt
Chremita®, and s of a purity comparadle to thst of the chramita empioyed
a8 8 cclmzzt in t.ha giass containar induatry.

?bs.a mwrix:i ‘shall be shippad in pa.per i:ags a'trong anough to withstand
normal handling withont burwting, Weight of contents in each bag shall not
deviate more than one pound, pluz or minms, fram ths average weight,

.&ppmd vendoys: Frack Samuels and Company
wouaatonj.te

Tois m‘bexdx&. shail con.!‘om tw the .f.o.?.lowing requirements, and ahall
in addition prove to be s’ﬁ...‘b&bla ﬁ.n plmt trizls for the production of

Kayio products.

The smnaatomta mall be t.he mmml mmrai graded to give & definite
particle size renge. Two grades are of interest. They correspond to Grads
=10} and Orade P-1 as prodused and labeled by Godfrey L. Cabot, Inc,

01 062 0314
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This minsrzl shall be ghipped in paper bags strong snough to withstand
normal handling withoeut bursting. weight of contents in each bag shall not
devizte more than one pound, plus or minus, from the average weight.

Approved vendorss Godfrey L. $abot, Inc.

Bed Irom Oxide

This material shall be the pigment grade of red ircn oxide.
Approved vendsrs: . X. Williams Company
Dispersing Agents

A dispersing agent 4o be acceptable must be sapable of greatly increasing
the floidity of Kaylo siurrisas when amounts no greater thsn C.10%8 are added,
must not causs thie Tormation of fosm dirdng the mixing of the siorries, and
migt not result in the staining of the product. Ths standard of performance
is that of Tamol ¥731. '

Approved vendors: Robm and Haas Company

g4 062 0315
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Chapter VI
BATCHING AND MIXING CPERATIONS

The detailad procecures to be followed In this step of the procasy,
and in subszequent operations, are given in & msgual prepared by C. F. Sillwood,
and approved hy O. W, Plaifer, titled ®Kaylo Manufacturing; Process and
{perational Contrel®. This manval was iasusd Juns 11, 1958.

It is the intantion here to refer cnly to the high lights of the sbovew
mentioned manual, and to offer some furthsr explanation where such is cone

sidered helpful. _

Formulation changes may be made only uwpon aunthorization of the Flant
Manager. It is the responsibility of the Chief Process Engineer to calculate
the actual guantities of each of the raw materials and the amount of water
required, to specify the temperature of the walar, and to give detalled
instructions to be followwd in the treatment and mixdng of the ingredients
of the batch. ALl of this ias recorded and published on & standard form.

Bagged, rathar than bulk, raw materials sre employed in the batching
operation. Formarly, the Sayreviile plant operated with a welghing and
sceumuiating aystea for ity raw material handiing snd batching, it experie
ences thers indicated that the handling «f bagged ingredienta was to be
prefarred, both from the standpolnmt of cvwrewall coat and comtyol.

The specifisd weights of the principal rew materials for the bitch are
detarmined by using an equivalent mmber of baga, Whers possibile, the weight
of a particuiar ingredisnt is chosen so as 1o represent scme whole mmber
of bags. In ¢sass vhore this i3 not feasible, scome easily defined fraction
of & bag 43 chosan, It ia necessary, of course, with this scheme 10 make
& rsguisr check on the aversge bag weight of tha raw materials as they zre
received.

. I 8 significant vardiation ix evident, the paterdial i3 isolated, and
means are devised for using it. In such cases the vendor 1s sdvised and
asked to ocryact the condition.

Tre batching and mixing operations begin with the mersuring ocut of the
predeterminsd amount of water st & prascribed temparature inte one of the
twe tanks that are used to dlaperss ths asbentos iz water. Thess are oylin-
drical tanks with Impellers located nesar the hottox, In the proping from

one tank %o the other, the suspension passes through a Bauer mill, the plates
of which muy be set at a desired c¢learance.

The batching and miring to be. described ia that for Xeylo~10 thermal

insulaticn betch becanse the cperation i3 the most cunplex. More ingredients
are employed and the recovery of waste siwrry is involved,
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The amount of waier used for the hatch is determised by the mmount of
dry sciids plus the amount of solids contained in the volume of waste alurry
added. The volume of waste siurry o be used per batcoh is determined by
the quantity that has been collscted in the two salwage tanks (similay but
scmewhat smaller than the asheatos tanks), and the numbar of batches of
Kaylow10 light denaity schedulad to be mun for the day.

The waate slurry is, of conrse, much mors dilute than the bateh sluey,
aines it consiats of the batch remaining in the lines and mixers plus the
vatey ssd to wash out the equiyment.

After ths preseribed smount of clear watey for the batch has been metared
into the No. 1 asbestcs tank, and the Tamol #73) added, & measured mmount
is puwped to ¥he No. & asbestos tank, anfd thesre to ths hydrapulper for tha
nydration of the quicklime. This guantity is about Tour times the weight
of the guisklime. .

To the water remaining in the No, 1 tank, & metered amcunt of the dilutae
wagste slurry is added. To this tank is then added, all of the asbegtos,
the clay, and & half & bag or so of the guicklime going into the batch.
{Asbeatos disperses better. in lime water than in straight water.) These
golids are put intc suspension by the actlon of the lmpelisr at the bottam
of the tank and pumped into No. & asbestos tank through the Bsuer mill running
at & clearsnce of 0,020%. . .

The treatment given the agbesitos in the Bauer mill, which is a fiberizing
cperstion, is varisd sccording ‘o the bland of aspeatos being uzed at the
time and o ihe characstaristics of the final slurry. If & higher consistency
ia deaired, or L& clogging of the pouring noziles ia being sxperianced, the
plates of the Bapar mill rmay bs set closer togethar, or ssveral passes may be
nade thyrough the mill, or both. Also, if the slurry iz showing abmormal
tondency to bleed, more work may De dons on ths aszbestcs by the Baner mill.

¥hils the asbestos suspension ia going through the Bausr mil3, the
cperator dumps the remainder of the guiekline and the wollastonite inte
the hydrapulper containing the vater for the hydration of the lime. The
hydrapulper 12 than set to rgn for abeont thres mimutes to thoroughly mix
the lime and water, and to gat the hydration of the 1ime well under way.

After the asbestos suspension has gone through the Bauer i1l inte
asbestos tank #2, i3 is pumped from there t0 the hydrapulper on top of the
lime puity. When this is complete, the hydrapulper is pud in wotion and
the dlatamaceous earth, tripoli, and sdditives added. The complets bateh
iz sliowed i¢ mix for about eight mirmtes. .

. The hydrapuiper is a pisce of equipment primarily deaigned for the
production of pulp siurrdies in the paper industry., The viclent action
imparted to & fluid results in very thorough mixing within a short {ime.

Its action aluo. is effective in furthey opaning of the asbestos fibers.
- Bacause of thisz, the hydrapulping periocd must be gontrollied. The consistency
of Eaylo slurrdes incrsases with increases in time of mixing in this equipmant.

01 062 0317
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For all of ity effectivenmss as a wixer, there may ve a digadvantige
in the use of a hydrapulper. Theré iy a possizility that an undesirable
amount of air iz eptrapped in the siurry by the viclent action, If this
i3 twye, and if these air bybbles are for the most part carried through
the process o the finjshed product, the ¥k factor of the ware iz likely
to bha affected acdversely. This should be & subject for study.

Following mixing in the hyudrapniper, the slurry is pumped to a holding
mixer, whick is a Rebinson ribbon mixer. At this point, samples of the
slurrr are mm .for aeummuous oz comiatemy, dengity, and temperature.

The consistency figure is the vaius chtaines with equiyment speeially
designed o maazsure the resistance that a revolving brass cone mests a3 it
pvenetratea the mass of slurry. Consistency must be held within certain
definad limita becauss of its effect durdng the filling of the melds. A
bigh congigtency caunses the slurpy to flow sluggiahly in the molds, yeauliing
in adr holesy slip planes, and pouring folds or tears. Low consiatency will
resuli in blesding after casting, water veins wilh subsequent cracks or
separations, and shifting within tha molds during hmling

The- demity of the slorey is reportsd as weight per cubic foob, It is
determined simply by weighing z known volume. Comtrol of siwrry density is
esgential in the control of the dermity of the product. Detarmmination of
slurry density also affords a check orn batehing ss to the solid raw materisl
waights and guantity of water employed.

A1l of the pertinent data are obtained, and recordsd at this point.
Dapartures from normal are prompily reporied to the Production Superintendsnt
apd the Chief Process mogineer, The lattar at¥anpts (o determines the resson
for the departure, and mugt decide AP the proper corresiion ¢an be mads, or
if the slurry must be dumped.

After it has been determined that the sluryy is nermal, it is held in
the helding mixer on the balch floor, with just sufficlent mixing acticn to
maintain onifoymity, until demands on the pouring lines ¢all for it 1o be
mmpadtowm of the pouring mizsrs. There is one such mixer in the No, 2
powring 1ine- {molded pipe covering casting), and thers are two in the No. I
pouring iine (f.'ht 30 Thege mixers are similar in type 4o ths holding
mixer on ‘hbﬁ bai’.ch f}.ocr.

The az:i.s‘tancs of only cne holqing mmr is a serions immttcap o efficlent
operation, since it may be cailed npon to handle any one of four typea of
slurries. Scheduling, therefors, is axtremely critical inemeuck sz 1§ mat
he fres of any remnanta of previocus batch of differant typs at the time the
new betch 4z ready to he pumped from the hydrapulper. The matier iz further
¢empiicated in t.hat. its aﬂi).abs.lj.ty must be tied in with ¢ylinder opening

schadunles. ) L
Plant peracnnel have zaked for assistance from Cenersl Enginsering in
planning for additional bateh storags facilitieg. A holding mixer for Kaylo.20
slurries is especially needsd, and wounld be of unestimable value in making’

for more efficient operation, Kaylo-20 sluryies can be held practically
indefinitely before cagting.,  If storage facilitles are available, mixing
can be done when most convendent on the batch floor and indspendently of

the cyiindesr schecules. 6 062 03¢
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The antire batch mixing facilitiss should be the sbject of study and
tomprenensive planning in view of the greatly incressed demands for prow
duction. Present batch mixing facilities are essentizlly the asame as those
that first went into operstion on March 12, 135L. More than twice as much

" glurew per day is being mixed now than it was then. The ultimate capacity

of the system under the most sfficient operaticn was considered at that time
to be about 32 batches per day of ibe same %ype of slwry. Not only hss
this "1imit" been exxeedsd, but the plant has been called upon on certain
days to mix three types of slurries instead of oniy one.

The exnct manner in which waste Eayle proaucts will be returnad to
the raw batch has not been devermined as yet. Nor ls it known how much of
the material presently sent to the dump can be safely incorporated in ths
bateh.

The gquantity of duat that resulis from the trimming, roeting, and planing
operations far sxcesds the weight of the reject ware, Tais Xaylo doat ia
collectad in dust arsestors, asd agually asounts to mors than 5 tony per
day, or nearly 15T of the waight of the nolids that go intoc the Raylo-10
thermal insulation batches deily.

Laboratery results thus far indiczts that it is liksly that this mch
e3n be retorned to the raw batch without seriony degradation of the gmality
of the product. In utdldzation on a plant scale, this doat will trobably
ba tranaferred from the collestors to a tank whers it will be mixed with
watar st & definite water/sclids ratio. Flana esll for two such tanka.
Durdng suy one day, tha dust and water will bhe mixed in one fank, and ths
destwwater slurry prepared ths previcux day drawn off from the other as
needed in the batching oparation.
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Casting Method

With 4 forming method dependemt upon the casting of 3 fludd siurry to
shape, such_ as useq for by far the most of tha production at Berlin, a great
many of the defescis in the finished produst ariginate at the pouring or
casting ststion. The perseon whe perfomrms the tasgk of £illing the molds is
& key figure in datermining the quality of the wiars. A considerabls amount
of art is involved at thiy stage of the process. Accordinglys the plant
has generally followed the practice ¢f requiring that a man "work up" to
the job of pouretr. Alse, training manuals, sawohagizing the intricacias
of the cperation and descyibing in detai) the procedure to be followed,
are svallable and sre required reading. The Shift Foreman is directly
responsible for the performance of his pourer and other members of hia orev.

In spite of all efforts to cbtaln pniform performance ameng the crevs,
this objective iy rarely attained for any one month. Quite typical is the
record for Febrmary, 1559, OFf the four crews, ono was revpensihle for 362
of the off-ware, whereas gnother was charged for only 1é%. This high off=-
ware crew, which poarad & fourth of the preduetion, was charged with more
than oneshals of the ware relecied for sir holaa, and had five times as
wach ware logt for this cause than did the bext of the crewz in this respect.

The ansvar to this problem seema to iis in elininating as much of the
mman slement as possible in this operaticn. Efforts ave now belag directed
along taese iines, as further discussion will revesl,

Thers are two pourding lines: ¥No. 1 where all of the flat ware ig casi;
No. 2 where onuly molded pipe covering is poursd. Ourrent demands Loy pipe
covering sre such that some musi alse be poaved on ke No. 1 line,

The povring line sctually beging at the statlion where the autoclaved
ware is siripped from the molds, A swmmary fellows of the operations perw
formed on the No. 2 or nmolded plpe covering line.

A tier of filled molds (full car flight) 4s taiten from a trais that
has been pulied from the cyliindsr and delivered by means of & 1ift trusk
t¢ the end of the line, where the wars is stripped from tha molda by the

atripping gang of ths crew,

Hera the processed ware undergoes its fivst inspection. X pimce of
ware with grosg defects i digcarded at this pelate A report of the ware
discarded 1s nade on the Pour and Strip Recap form which originated when
that psrtdeniay train vas poured and which accompanied that traln throughout
the complete process, with all pertinent data at eagh step deling recorded
thorsom. eRley WLl Sl

As the ware is stripped, it lg.color coded tc the .praper pouring LW,
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4 most aignificant control check is made by tle weighing of a repre
sentative sample to datermine its moistura content. Cne piece of each size
ware in sscH car is weighed and the weight recorded on the Four and Recap
form. 3y comparing with the preprinted maximm weight for "dry® ware of this
size, it is determined whether or not the ware has 10 recelvs supplementary
drying. These dats are also employed in establishing the propsr cyiinder
cyeles.

- It 45 the practice for a member of the Quallity Contrsl staff to make
spot checks ab the siripping staticn. Here tha ware can be readily identifl
with a gpecific train, cylinder, and crew. Alse of mujor importance is that
faulty moldg mesponsiblia for off~waras can ba detected at this point and taken

cut for repair and/or cleaning.

After the ware has been siripped from the mold, the cavity and core are
costed with a molid releass., Thiw i3 an emulsion of abent 3% of polysthylene
in a fairly heavy petroleum oil casponnded at the plant. The oiling of the
molds iz performed by hand, the oller rubbing a rag that has been dirped
An the ssulsion over the surface. ALl too aften a poor job is done here.
Incomplete coverage often results, as does deposition of excesg oil in scae
parts of the mold. Mechanical application of the oil wewld, in all prob-
ability, provide & betiter job st a saving in smanpower. This i35 one instance
vhere the human element conld be eliminated to an advantage. & project for
tha mechasical oiling of flat ware moids is now on the docket of Genaral
Engineering. This should prove to be & simpler arrangement than the ona
which would ba requived for the Ne. 2 lLine. Following successful installatdon
angd operation of the equipmend for the flat wars molds, work will undoubtedly
begin on a mechanisal ofler for the pipe covering molds.

Follewing the oiling, the atrippers reassemble the molds; that is,
aesure that the end spacers are in place, and reset the core inte the cavity.
This is done for sll molds except those for EK-segmemtal plpe covering. For
this relatively flat ware the core is insertsd by the poursr and his helper
sfter the cavity has been filled with the slurry.

The molde are moved along the line by a chain conveyer. 0Oun the No. 2
1ine the pourer alons haa control of tha smtop and go. XHe exsrclses this
control by means of @ pedal at his station.

43 the molds move along the lins they pass uader a blast of compresssd
aiy before they reach the poursr, The purpsse is to ramove loose cihips of
old materisl that invarishly fall into the cavity from sides and frames of
the molds, etc, While the present arrangement accomplishes the purpose fairly
weil, 1% 18 costly to opesrate, It i3 estimated that tha coat of the compressed
air runs sbout $800 per month. Thers appears t¢ be sn opportunity herse for
moye sfficient equirment with lower cperating costse

When the molds arrive at the pouring station, the pourer sdjumts the
vate of flow for the siurry to & speed he considars proper for the size
of ¢he meld to be filled. The alurry is pumped from the pouring mixer threugh
a hose with & pouring nozzle attached at its end. The pourer controis tha
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rate of flow by adijvatment of an gutlet valve and by regulation of & variabla
speed pump. For wapre of lesser thicimess he ewmploys a pouring nowzis §7
long and having & nominal slot opening of 3/8%, For the thicker vare, he
uses an 8¢ long nozzle with S5/8" wide opening,

The pourer has instructions to follow & certain preseridbed pattern of
operation during the filling. Zut there sre, nevertheless, certain vari-
ations in mode of operation chavactsristics of the individumal. This is,
parhaps, typical of any field of "activiiy where particular sidills, coordi«
nation, and pride in the work being performed are soncsrnsd.

CEfforis are in progress toward the development of a fall lengih
(spprox. 34"} pourdng nozzle for pipe covering. Thers is reason to believs
that & nozzle of this pature woula eliminate much of the human alement {rom
che pouring operaticn. ISurthermores, it akould reduce the incidence of ajr
holea, silp planes, and foids which ccour to mome extent whan the much
shorm mzz.‘!.a iz employed by evan the best pourer.

For fiat ware on the No, 1 linme, the pomring nozzle is essentially an
eibow on the end of a 3% diameter hose, having a rectanguiar ghaps st toa
exit of about 70% of the area of that of the hose opening, Development of
& S54% long pouring nozzle is the aim in this case. A gang of three molds
could be poursd at the same time with a nozzls of this length., ZBetler
aldgrment of {the asbestos fibers in the ware should alsc result.

iz might be suemised, the £irst problem to be solved in the develomnent
of these much longer nozzlss is that of obtaiping and maintzining unifowm
flow over the entire lsngth. The prexence of asbestes fibers in the shurry
makes the problem more difficult than 4if a perfectly humogernecus fluid ware
being deait with. The second stage of development will bes concerned with
sage of handiing on the line.

Following the filiing of the pipe covering molds, the overilow i3 screedad
off by the pourer!s helper when he is avalladbls for the task or by the pourer
hinself when the helper is engeged with the hoist in 1ifting a gang of the
molds off the Line onto the car being loaded for entrance into the prehardaner,

the next step of t.he process.

The exvess sl&m that is scresded {rom the pips covering molds onm No, 2
1ine goes iAndo 2 sump and is pumpad into the pouring mixsr for the No. 1
line, Thers are always sams chips of hardened Zaylc material on the 8ides
af the melds and frames which become loosened during ihe handling om the
No. 2 line and then fuil inte the sinryy in the sump. Formerly oniy fliat
ware was cagt on the No. 1 line, and the affect of ths presence of chips
in the siurry on the £iat ware was negligidble., But when the practice was
begun of casting pipe covering also om this line, the clogging of the nozzles
wi'bh the £APTOR openi.ngs"afractad both prodwti.on and the guality of the ware.

it is messary, thcrsfm, to pa.ss the sump” siurry through an atirition
mitl, such as & Bauver uill, befors re-uss. The plant is planning an arrange-
nent whereby the svmp slurry of both lines i3 emptied into & tank and then

passed through a Bauyer mill to the pouring mizer on either pourisg line,
depending on the sluryy requirements at the time,
01 662 0384
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Aftar the car in. Joaded with the filled moldsg, it 48 the responsibility
of the pourer's helper to move the car into the preharcener. In the casa
of the first and last cars of the train in schedule, this perzch records
the time of estry on the Pour and Strip Recap form. He aige pogitions an
empey car after & Lilled one gose into the prehardensr.

As perbkars with any method of forming,; there are advantages sad dls-
advantages ivherent in the method just discussed.

. .Aﬁong the advmugeé are: . The actual casting fs rapid; the molds ame
aimple snd eagily interchanged to meer demands of production; forming equirment
is simple and compact; copsiderahle latituds in batch formulation ig possinlia.

The majioy disadvantages are: The randam orientation of the asbestos
fihers that ccours 1s not as favorsble as fibers oviented generaily in ths
pisnes of the major axes, in regpect to ¥k7 factor and to strengih contributed
to the product; the surface is not as hard and resistant to abuye, and of
&3 uniform appearance, as that chbiainad by certain other methody of fomming;

& large mmber of molds are required, and an individual mold must accampany

the ware throw;h ;:rocessing

Umtdl racently, the cssmg zuez'.hod of. fawim Atd not pemit the prow
dustion of sectional pipe covering in sizea greater ihan that for 12% pipe.
The uss now of & dispersing agent in the batek, and other bateh medifications
that have been made, have resultsd in changes in the pouring ¢hiracteristics
of the slurry such as to make pogsible the casting of gectional ware
23% pips =izes. The molds, which will be of the neated or piggyback type
to aveid undus waste of apece, are mot ywt availsble for producticn. When
theso sizes do ge inbe productlon, it w&u be possible to eliminats all
tri-gegnental ware from the standard line of groducta.

A disadvantage that bas besn yeduced in significance to & great extsnot
Ly the use of a diapersing agent, in the bateh and which ahould be even lsss
a8 factor when full lengilh pouring nozzles are gvsilable, is {he creation of
aiy holes2, folds, and alip planss in the ware., Air holsa datract frem
appeayance, and adversely affect the k" factors Folds also mar the appearanse
of waye. S1ip planes ars discontinmities in gtructure snd ag sueh cuause
‘he wayrs to De more prous o breakage. :

. There is asother defect in many sizss of present production of molded
pire covering that is of comcern to the plant and to Sales. Yoo frequently
the ends are ot square. When detacted the ware is given an and trim by
hamd, While ware corrected by this means is acceptable to most custoners,
it is not to certuin others such as the Navy for instancs. 7The Navy has a
specification calling for 2 length of 36 minus 0%, Detectdon of thiz dafect
in each and every piece is most diffienlt, snd occamionally some ware with
autmc.fwaquare end.s rea,ches t.he mtmer and 1a cause for complaint.

o mc casting met.hod itse1£ .‘s,a not responsibla for this problan, The
gspecilic cause can be one of seyveral, - Among thess are: Premature and unsqual
drying of the ware, thin ware and small aizes_.in.pmsnuiu, while in the

hot eylinder prior t¢ the time that an atmosphere of saturated siesm obtaing,
regulting in excegsive and uneven shrinkage; excessive build-up on, or impropey

Placemont of, the apacear9g. . 0* 862 8335
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The length of the mold cavity for pire covering is only from 36~1/8"
to 35w3/16%. This does not silow much for in precess shrinkage (of which
thers must be scme to permit stripping), and for end trim, if a 36" long
finished plece with squaze ends 1is to be obtained. At {he time most of
the moids were purchased, several persons, including the present Flant
¥anager at% Derlin, argued for longer molds with end trdrming of all M.P.C.,
hut the decigior way made ¢ use the shorter lengihs. I is generally azresd -
now that this was the wrong decision. The same mistake should net be mads

again in the design of equirment for & nev plant.

Of the wvarisuna types of imperfectlang that cause rejection of pipe
covering as off-ware, Yphrokes corners® has almost always constituted the
greatast percentage of the total. As would be expected, large sectional
sizes of the lesser thickresses are particularly susceptible to this damage
during stripping and subsequent bandling in the plant. The sizes &% x M
ang 12% x 137 sre examples. Had molds of greater lengths been available,
wuch of the ware with camaged ends conld have been saved by end trirming,

In an effort Lo get out of the difficulty caused by sut-of-square endy
without goisg to the very great expense of replacing the pregent molds with
longer ones, the plant ia trying cut three different thicknesses of stainless
steel gpacerg as replacements for the old and thicker black iron gpacers,

The lightest gauge that will stand up will be nsed, The additional length
that will be gained ia from 1/8Y to 3/8%, General Enginsering has the project
for a conveyor to carry all molded pipe coverimg from the frim saws to the
wrap and pack ares. On this couveyor 1) pipe coverdng will be snd trimmed,
Perbapy scme pleces will receive only & “idas®, but aven this would help

some to correct the out-ofwsquare ends condition.

Routdng of Billats

As the asize of pipa covering decreages delow that fop 2% pipe, difficnitias
are experienced in forming it by the method discussed above. A majoxr diffi.
culty lies in the tendency of the thin cores to deform during repeated rmona,

Accordingly, small sizes of pipe covering are now mede ab Serlin by
cwtting rectangalar billets from flat wive, trimming outer surfaces o give
& hemiwcylindrical shape, and routing to the desired inuside diameter.

"His ware has a rough and unpleasing appearance,; and is more susceptidble
4o hreakage than cagt ware. For these rwascps, ihere sare gericus objleciions
to 1t on the part ¢f sume customers, and absointe refusal to buy by some.
From the standpoint of manufacture, the routing method is a costly and wastaful
operation., Plansg are to sbandon this methsd of forming 3if and when the
method giscussed below proves successiul,

. Rouming of I.D. in Solid Halr—Round Billets

: Thia method involves the casting of aolid half-round billets and then
form pipe covering by rouling out the interior to the proper inside dimmeter,
Thus the exterior has a cast surface and presents the same appesrance as ithe
other molded pipe covering being produced. Chviocusly, much lags msterdal
43 wasted in youting to the inverior dimenaions oniy.
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The plant has demonsurated with trial nolds that golid halfwround billets
can be procuced successfully, Irn »rinciple, the moid i3 a rectangular pan
with & scalloped insart. -Such an ax*angmem can be filled in the same
manney as & flat wars moia,

Stmdiss are in progress at the plamt oz inprovemsnis that will make
for eagier stripping, bandiing of the ware, ete, 3ut of major concern is
the dezign and builcing of routing and trimming equipment for billets of
this nature. General .,ngineanng hag this rroject on its docket.

After having 1nspacted a sample riecs of wars that had had the I.D.
routed by semi-mechanical means, Ssles persennsl have been pressing for
the esriiest possible preoduction dale. _

Vertical Casting or Tubular Molding

For the past few years, and until Jameary 21, 1959, cartain small sizay
ware cast and prahardsned in tubglar form by means of orig:.zw.:i. sguipment
developed for the purpose.

The use of this equipment was discontinued as the resnlt of conclusions
reached in & study of the economics involved.

There &re three reasons why an unfavorabla econmmic¢ picturs was cbitadned:
3+ An abnormally high parcentage of offewars resulted for productlon over
extended parioda of time; 2. Maintenance costs wers high; 3. The equipment
was designed primarily for demonstration, and not for production; sccordingly
only 3 single bank of nmolds was available for nse.

Conditiong 1 and 2 above resulted because super~atmospheric preasures
were involved.. Elevaied pressures wers employed 10 reduse cycle times and
increase rate of production per meld cavity. But in so doing the problem
of maintaininug seals and prevenbting lealmge, day in and day out, became a
major ons. A leak could be responsible for logs of slurry from the mold,
and for boiling ang bloweups in the ware. Also becauss slevated pressures
wore involved, contrel and proper balancs of pressures and iemperatures
ronghout the system were oritical. For exzmmple, if at any atage the tempare
ature of the ware was such that the vapor pressurs of tha water within the :
wvare exceeded tha preassure being exarted srternally on the ware, the ware
would ¢rack or blow up.

When the equipment was in good repalr, and the proper cycling, tesper~
ature, and pressutas were in effsct, ware of excellent guality was produced
and the perventaga af offwware was exceptionaily low. During the perdod
it was in production, its behavior wax simtlar to that of the 1ittls girl
of nursery fame, "When she was good, she was very good; tut when she was bad,
she wag horrid.®

Previony experience with wvertical casting at the plant shonld nct rulse
out further considevation of the method with certain modifications. Perhapy
the use of slevated pressures i not feasidle for production equipment.

It may be better to cast slurries at temperatures near the boiling poisnt
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of water intc vertical melds, xaintain this temperature in the cast plece
by means of kot water civculating avound the mold and througd the core,
then eject the tubular piece after it has bardemsd sufficientdy for safe
handling. Equimeent wenld be much simpler and easier to control than the
former arrangement. Certalsn persons within the organization have some
definite ideas on a procesa of thas nasture. Pabeo Caltemp 1¢ made in all
sizes by a samewhat similay methed, so the prineiple iy not new and untried.

The acvantages of any vertical caating~ prehardening-ejection method
are: low npold inventory; and the fact that the mold does not ancomparny the
molded pisce wirough the cyeie; with resnlting saving of sutoclave spase
and of heat that would otherwise be used in heating the mold stesl.

Press and Filter Method

A presy and filter method is smployed by. Jchnam&mﬂle for the prow
duction of Thermeobestos. I this process a very dilute slurry (water/selldse
approx. 18 t0 20) is maxed at a temperature of abomt 1465°F and then sent
1o tanis where the siurry is heated by the injection of live steam to about
200°F, and maintained gt this temperature until a desired gel structurs is
obtained {2 40 3 hours). By the addition of the condensate from the steam
employed in heating the water/sciids ratlo of the gelled siwrry at the end
of the gelling pericd is about 24 or 25 to l. This slwwry is then ready
for the moiding ocperation. ' :

At sach press station thers is & tank t0 receive the amount of slurry
reguired for the pisce beaing molded. The exuast volume of sluxrTy being
received ig determined by & probe for level contrele This amount of siwxsy
19 then pressed and filtered in an elaborate mold at & prossure of 75 pai
o the deaired size and shape. Through the loss of water Uy the press and
filver action, the water/solids ratio in the moldad articls is about 5 %o I.
Since the sollds are in a gal state, the molded wars possesses considersbls
cohesion and "green® sirength.

(Details of the J-M process is contained in the peport, “Johns-Manville
Thermobestos Flant Visitation®, prepared by R 3. Grant, July 10, 1958.)

The advantage of this process is that it produces a product having
excellent properties: low "k® factoy, high strength and resistance to abuse,
dimensionaily trus, and pleasing appesrance. Also, because of the high state
of mechanization, }.ittle of ‘the human element is involved,

The diammtagea ares
3. Offers little flacibility as to formulatdon; worksble
formuiation is costiy.
2. Formstion of a gel of rem:'u& propertien is eriticsl.

3« Holding stations are axpena:tva and space conmmming.

L, Customer seyvicing is of concers because of the amouvnt
of Iabor and tize required to make & mold change.
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Uther Methkods That Mawit murther Study

A mmber of other methoads of formwing have been trisd in the past o
varyving extents in ithe plaat laboratory and at the research lacoratories.
Cortain ones, such ag cemtyifugal casting, and continuous prehardenizg and
foraing, do not seem to merit further study for one reason or snother.

On the other hand, Tesulis with others have been sufficlently promising

1o afford reasons for fordher sindy. Ameng Yhese sre: Filter press sethed
(Denmy}; extrusion of prehardened and plastic bodies to shape {(similar to
the forming of ¢lay pipe); pressing of prehardensd light dengity flat ware
10 core matarisl densities. Undoubtedly idess as {¢ other methods will
ocsur a8 time goes on.
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Following the casting step in the Berlin operation, the siuxry in the
molas is partially reactsd, and bardened to a state that considerable pressure
with the finger must he exerted to make an impression. This 1a accomplizhed
by excosing the ware to the conditions existing in one of the four stean
tunnely called Prehardeners. Temperattres of about 200°F are maintainad,
which is near the optimum. Temperatures much in axcess of this canse bollling
of ths alurry, and those lower than this decrease the rate of hardeming teo
3 point where it is siower than the pouring rate. _

Prehardaner tempersturss are controlled hy means of temperature
recorders and coutrollers that sctnate pmewmatic steam valuea. Bafflea
prevent the direct impingement of the live steam on the melds, which would
canse boiling of the siurry. . - i

The length of tize requirsd to preharden the wars varies with the thicknsas
of the piace inasmuch ag penetration of heay into the mass is irrolved.
The extrames ave a minimum of 1.CO hour for 1% thick ware to a minjmum of
2.50 hours for 3% thicknesses.

"here are two main rsasons for prehsrdening the ware before it enters
the oylinder. It reduces handiing problems, and it makes the interval of

time between pouring ang autoclaving mmeh leas critical.

Wher the molds contaln & fluid slurmy, extremes cars must be exercized
in transporting them to, and loading them in the antociave. The facilities
at Berlin sre not conducive to mmooth and gentle hanmdling of the molds
betwean the time they are filled and the time they come o rest in the
¢yiinder, FRaylo~20 slurries do not prrebarden, and with the smoothest handiing
possible under the conditions existing, a great asount of offwware rosults
because the shwxry shifta from one end of the mold to the other or actually
apilis from the molds The defsct appearing in the prodwet is listed as
TN, M. T {not snough material). On the other hand, when the sluxTy in the
meldzs is prebardensd befors the trip to the cylinder, it can withstfand &
reasonable amount of abuses This is done for all Kayio-i0 ware bold pipe
covering and fiat ware. : . ) '

The other importsnt reascn for hardenming the siurry soon aftar casting
is to minimize bleading of water fNom the cast pilece and/or asttling of the
sclids from suspension, The extent of this action, of course, incressen
with time, and is more promounced In largs sizes in which the head of the
fiuid glorry is high, Schaduling of the cylinders sc as to have one avallsble
$0 receive & train of filled molids Just as soon awx A% is ready for autoclaving
A8 seldom possible if the cylinders are %o operate at peak efficianciss
without undue downtime. Accordingly,; & train of £illed molds may bhave to
be held on the ficor for pericds np to about fonr hours before a cylinder
is gvalilable for this traln calling for s definite agtoclaving cyele, Ware
in a prehardened state can withstand this trestment witbout damage, In
contrast, the length of time that nonwprekardsned ware in large sizea can
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vemain outaide the cylinder without adverse effects is exiremely linmited.
Within a relatively shopt time, discontinuiitiss aprear in the form of veins
of water, which caryy wver into the finished procduct as cracky, and tears |
oy aepayations; or the slurry msy Subzide to an extent that the presceribed
dimengiony are not met in the product.

There is still a thivd advantage 20 be gained Wy prehsrdewing. At pesk
rates of proomction, a fresh train of ware enters the cylinder within minutes
after a processed train hasg been pulled, Temperstures of the cylinder shell
undsy these circumstances sre in excess of WOOPF. From the time of entrance
until an atsosphere of satureted yteam is created within the sealed cylinder,
the mold metal receives a great amount of heat by radiation. I the slurry
is still in & fluid state at this time, there is great dangsr of boiling
oeourring at the siarry-mold interfaces, resulting in pitted and rough swriaces
of the product. When the siuryy is p_ramdamd, the risk of this happening
is minimized.

' Surface bn;i.l.iz:g i smt&ms expmmaci wﬁ.th the Kay}.o-ao slurriss,
but the other mblm which are attendsnt it the processing of a fluid
slurry undey ex.‘.sting conditions &t Beritin are far more serious, Every
effort is mads to get the cast slurries into the cylinder &8 soon 2% possible
after pouring, but vith the complicationa involved, too long a time fre-
quently elapses. Since tha Kayle«20 produsts are mads on the same lirms
a8 Xaylo-10 wars, the latter in all stages of the process must be cut of
the way and not act ag an obstasle in the path of the Kaylo~20 material.
Norking back from the tims that & cylinder is acheduled ¢o be svailanle to
receive a Kaylo«20 traln, the folleowing must be taken into consideratdoen:
the mixers and lines must bHe wamhed free of Xayle-~10 slurry, the batch
weighed out and mixed, molds stripped and avallable on the pouring line,
the Kaylo-i0 ware in process shead sufficiemtly prehardened and moved out
of the prehargener, and the cylinder empiisd and made ready to recelive ths
cars of KaylowZ0 ware. Granting that all of this may be done effectively
in proper sequence with perfect timing, the molds comtaining tha fluid Xzyliow20
glurry must still be transporied over a devious, rough, 150-foot~long path
to the ¢ylindar.

If RKaplow20 pipe covering is 46 be made consistently with low percantages
of offwuare, a separate lins from mixer to cylinder is essential. As it is
now, it is produced ox a line designed for a slurry of grestly different
properties and behavior. Paszage throngh the preherdener is an exanple of
the incongruity involved, Heating of the Kayle-20 slvzzies in the prebsrdener
not: only does not agcompliish the ends for which the treatment is designed,
but actually has a detrimental affect. EHealing 40 temperatures in the
neighborhood of 200°F resuits in more fludd slurries that are more proms
to lezk from the molds and alse to alosh durding movement of tne molds.

Ratuming o the preha.rden.ing of Xayle~l0 pipe covering, this would
net be essential in the production of many of the amall sizes if it were
possible to sutoclave the wars within about two hours after pouwring. Sizes
up to sbout 8 inches exhibii relatively slow rates of bleeding, and can be
transported without damage with a reasonable amcunt of care. This is men-
tioned hecause tests have ghown that ware which has not been prehardened
exhihits about 28% higher strengths than waye which has undergone this treate
ment. In & sense, then, prehardening is a necessary evil with conditions
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Probably because there is ne alternative in visw of the Limited zpace
availshle in the Zeriin plant, a car of molds is pushed intoc the prehardsner
as scon a3 it is loaded. n ‘thiz manner, the train is made up 4o the
srehardener, This is bad practice for several reasons.  In the first place,
full adgvantage is not taken of the purpose for which the prehardensr 1
designed. The capacity of the prshardener is govermad by the tize required
to preharden the last car loaded Thurefm, it i3 serving merely as an
accmmlator for all preceding cars. In a3 far as functioning as a pre-
hmw, ths tine uur:t.ng whish it iz beiug iosded is wasied.

A second bad featm of car by cayr loaging ie the loas of heat during
the time ths door i3 cpen 1o receive each and svery car of the traln.

Third, i1t i3 not possible ¢ achisve unifors prehardening throughout
the trais, OGwionsiy, t.ha ware in tha first car recaives more heat than
mt in the last car.

Bot pez-hapa of g-z-eatcst. ammme 13 the bumping and Jareding which
saft, partially rreharvensd wars receives aa each additional car neets and
shoves those shead of it in the prehardsner. At &n intermediate stage of
preharcening, the ware has lost its plasticity and abiidiy to move with and
recover from mechanleal shock, and does not yet possess safficient strength
to resist certain disruptive forces. Under forces that tend to move the
partially prehardensd siurey or to shift the core, cracks are apt to occur
in ths ware, Presently about 207 of the offwware iy due to cracks. There
is every reason to beliave that most of these originate in the prshardensr,
Faturally, the larger sizes of the lesper thicknesses are more suzceptible
1o damags. This sracking of the ware during the prehavdening siep woula
not be the problem it is if means were available for smoother handiing, such
43 peraaps & monerail gystem,

The ocbyious WAy 4o overcome the several disadvantages inherent in
present practice would be to actupmlate an sntive frain cutsids the pre-
hardener and to move the trsin as & unit inte it. This does not appear
pousible with the restricted space svailable at Berlin, but should be cone
sidered by a1} means in the design «f & new plant.

Prehardener capacity prazty mzch controls the rata of production, An
advanced state of hardness mupst be obitainea; otherwise & high percentage
of cracked ware resuits. Berlin has from time te time lengthened exigting
prehardenars vo neat tha demands of increased prmction. The 1imit as far
as availisble space 1s concerned has been resched on 3 of the & units, In
the design of a new plant, it should be made tertaln thal prehardaner capaci.ty

iz in excess of axpected demands by &8 safe margin.

The degree of nm.m :Ln Tormulation also is dependent upen prehardener
capacity, -The atiffening and hardening of the alurry ai temparatures in the
neighborhood of 2009F is the result of chemical reaction beiween the diato
macesus esrth fraction and the lime of the bateh, It follows that formmlations
contalning lesy distomaceous earth 4n preportion to crystalline silica, all
other conditions being the same,.will preharden at a glower rate. Studles
have shown that the 1imiting temperature the product can withstand iz raised
by a decrease in the preoportion of diatomaceous earth in the formlation.
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Presently Kaylow)( thermal insulation shows a shrinkage of about 1.33 afver
being heated for 24 hours at 1200°F. The ratic of dlatomaceous earth 0
total silica in the bateh 18 O.7. Avallable data indicate that I shrinkages
of this magnitude are to obtain at 150CC instead of 1200°7, only anout 4l%
imgtead of 70% of the silics of the batch can be in the fomm of diatomacecus
sarth,  This change would recuce the rate of prehardening, with currently
available yaw materials at least, to a4 point thal the output of the pressnt
prehardeners would be drastically curitailed. On the other hand, 1Y the
prehaycieners were longer, or thers wepe more of them, making it vossible

for tha ware to remain in the prehsrdeners for greater periods of tinme,
reductions could pé made in amount of adiatomaceous eayth without ths prew
hardening step becoming the bottleneck in the process. In determining
preharcening capacity for a new plant, the prehardensrs should be deliberately
over designed, perhaps two fold, on the bagis of the rate of prebardening

of the pressnt slurry. This would sliminate the restrictiona on formmiation
now impeged by existing squijment,
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Chapter X
AUTCCLAVING AND DRITIHG

Autoclaving of Kaylo preducty is accomplishes in BID cylinders. 3SID
i3 a convenient term coined to designate 4 ¢ylinser ip which slmultansous
inderation an drying of hydTous calciwms silicate proaucts can be ascamplisked.

The strict meaning of induration i hardemang. In the processing of
Kayle products, it is the gtep in which the lims, silica, and watar are
combined to form the hydrous calcium silicate desirad in ths end product.

The formation of this hydrous calciwm silicate structure brings adout the
ghange fram a soft, piianle mass to a rigid body; hence ths term imduration.
The reaction of the three camponents to form the desired hydrous caleims
silicate occurs undar conditions of & steanm atmogsphisre at elevatsd presyures
and temperatyres. Actuslly, it d» {he heat thar brings about the combination
of the cmmponenty, but since water is one of thess, & steam atmosphere is
required to conserwve thig ingredient in the reactive mixture..

A couparison of the formwlas of the two hydrous calcium silicates in
question, uCal.5510;,5H20 and 5C80.55102.Ho0, with the batch formulations
widl reveal that the amount of water in the batch 13 greatly in excess of
that present in either of the two compounds. - This situation makes it possible
to begin e drying phase of the antoclaving cycle Defore the combination of
1ime, silica, and wavér i3 complets without any danger of inanfficient water
being present for ths reaction. Thus it is possidle o cawrpy on the induration

and drying sinultapsousiy -~ a PSIDY aperstion.

Drying is accomplished by subjecting the ware to Bn atmosphere of supere
heated or unsaturated steam. KRach cyiincer is squipped with radistors hesated
by & fiow of Dewtherm liquid at & temperaturs of about SO0 or somewhat
higher and a fan at one end to circulaie the heat through the train of ware.
At a given point in the gpecific cycle being emplcywd, the fan i3 turmed
ofie The heat being thus supplied raises the temparature of the stmosphere
surrounding the ware, causilng weter to evaporate {rom the product. Ina
closed systex, an eguilibrius would scen be estshiished. Ihat is vo say,
for any given temperature the pressure would rise to the value equal 40
that of saturated steam at that tenperaturs. When the eguilibriwm, or szat
nrated steam, condition was reached, gvaporation of the water from s ware
would ceazse. But in the SID opsration, the pressure ia maintained at &
constant vaine by means of 3 contrei valve througn which the additional
steam being generated sscapes from the ¢ylinder, Im fact, ths SID ¢yiinder
durding the drying rchass of tha cycie functions sa a bollar, {the water for
the generstion of gteam coming from the wars, Thiz is literally trve hecauss
the steam generated in the SID cylinders is fed into & Jow pressure systam
witich serves to supply steam for the prehardeners, %o heat the plant, etc.

A 51D cycle congists of four phases: -time required fc get up t¢ pressure;
time at pressure withcut the £an on (saturated steam atmosphere); drying
time (superheated steam atmosphere); time required to bring the pressure
down te atmogpheris pressure. .
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e Pirst, or up to pressure, phase is fairly <onstant for a gzven
eyiinder and joad and vavies from 25 to 30 minutes Lor pipe covering, and
iz 1 hour for flat ware trains. 4 combrolled rate of prassure rise is
accomplished by a paosumatic control gystem camposed of 2 tima~vregsure Cam
vhich operates the sat point of the pressure controller. The presgure
coutroilsr throttles the steam inlet valves Yo obta:l.n the pressure risa
cut oo the time-pressurs cam.

The second, or indurating, phsse 1s the perdod during which the ware
is subjected to saturated stesm at & conatant and definite preasure and
temperature, The length of thia phase of the cycle is determined by &
combinstion of many factors. Those that must ba considered include: Nature
of the kydwvous caleinm silicate desired ~ Eaylo-10 oy Kayloe20; ths thickness
af the wade; the type of product ~ core, pipae coverdng, or bliock; desired eand
moisture content - Hwwi? or *dre™; the phoyuical structure of the train; e
opsra'hing presam and othar cham::'tamtics o: 'r.hat payticolar sylinder.

The :i.ndmt:uzg ;ehaaa may vaz'y in t..*..me fm zera to 1 hour. In genarsl
if conditions are such that an axtended drying period, the next rhase of
the ¢yels, 13 to ba in effect, the indurating phase is ghortened ascsordingly,
"his i3 because there is ample water present for the chemical reaction that
produces the hardening or indmting of the were t-o continue far into the

drying phasa,

The theory of SID antoclaving presumes that, &% the start of the cycls,
eonditions are favoratls for the reaction of lime, silics, and vater to
advarce t0 the point st which 8 rigid sirueture of hydrous caleium silisave
has been set up befors there is any significant losa of water, Actually,
this eondition doss not obirln with cerbalin sizes of pipe covering in i inch
and 1w1/2 ineh thicknesses under present plant practice snd rate of production.

Within a matter of 20 minutes to one«haif howr, the processed train ]
i3 removed from the cylinder, a fresh train put in place, and the cylinder
door clogsed for the next ¢yelie. During this time, the hot Dowtherm continnssy
to circulate through the coils, and, of courss, the cylirdar walls remain
very hot from the previous ¢yclie. Although ssturated stess is emplioyed to
bring the cylindsr up to pressure, the tampersivrs of the atmosphere within
the cylinder is comsidaranhly sbove thad of seturated stean at the pressures
exigting at the beginning. Thus a saturated steam atmosphers is not creatad,
and a8 & resnit, premature drying of the thin sections of pipe covering results.
This often cauges excessive inwprocess shrinkage, and sametimas soft ends,

where drying is more pronounced,

Attention 1ls now being given to meana of corresting or mirdmizing thim
condition. It hag been tha praciica 3o keep tha stsem trap at the botiom
of the cylinder opep at all times, It is now proposed 4¢ close the trap
during the yp phase and the indurating phase of the cycle, and to open It
when the drying phass begins., This 13 an added cperation and must be giver
close attention, but it 18 hoped that the resuity will Justify it. The
theory 18 that the incoming steam will condense on the reiatively cool molds
and cars, and this condensate then held in the ¢ylinder teo contribute to
the mmidity fnutead of being allicwed to escape through the {rap.
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4 grext amount of attention must be givem to tiie makewup of a {rain
of ware going into & cylinder. Ware of the same thickness, for the most
»art, goes ixto the same traln. But dryding characterisiics depend upon
whe shape and other dimensions, as well as on the strmcturs of the losded
tar, Yare on cars nesr eitdier end of the cylinder is in a position more
corducive to rapid drying than thet on cars near the middle of the train.
Couseguently, tha cars of ware more difficult to dry are rvlased at the ends
of the train., Care must also be exercised iun ths locetion of the cars in
the train 30 a8 not to create undue obstruction to deaired flow patterns
within the cylinder.

AY the end of the prescribed induration period, the fan at the snd
of the cylinder is furned on to carry heat fram the radiators containing
hot Dowtherm flvid over the ware. The langih of tnis phase of the cycls
is datermined pretty much by ithe same factors as those for tha length of
the indorating phasa. The Process Control Supervisor and the Quallty Comtreld
Supervisor. jointly evaluste the cylinder ¢yules sach day from a nass of
baslc data scowmnlated in the operation. Changes are made in the cycles
where snd when indicated to be advigable.: £ :

- Of partisular Importance in this connection avre ths moistura contents
of the ware throughout the train and the strengik and high temperature
shrinkage of the product., The parcentage of shrinkage shown by ware after
baving baen subjected to a temperaturs of 1200%F for 24 hours is an exvellent
meamure of whether or not it hay reseived adequats processing in the autocliave.
High shrinkzges are evidence that an copportunity had not been afforded for
sufficient reactlon to cccur, and aye even more senmitive than strengih
data in thds respect.

The objactives In cycls design and adjinstment are to produce wars of
wiform kigh quality and of uniform moisture contenb. "Dry* cycles are
employed for pipe covering in 17 and 1-1/2% thicknesses, which means that
all ware as it comes fram the cylinder should have & moisture content very
elose to 25%. Ware of ter thickresses {exsept core materdial) ias on
*vat"égcles, which are designed to yield ware having a moisture content
ngar »

Ware from "wet? pyrles muat recelve additioral deyving in one of tha
four auxiliary driers. These are rooms in which & fow of air at adbout
300°F is maintained by umit heaters. The sole purposs of this practice 4is
1o increass production from the eylinders that are avallable at Beriin,
Prying i3 not za efficlent in the hot aiy drisrs as it 18 &n & 5ID cylinder,
but this acheme doss permit some shortening of the cyvles in the eyiinders,
resulting in more cyliinder loads ar ¢yvles per day, The end achieved by
the use of the four driers is sbout equivalent to that which wonld resuii
from the addition of another cylinder with a1 cperating on "dry® cycles.
Were this additionsl cylinder avallabla, theres is 1ittle doubt that the
produciion of the same amount of dry ware comid be sccowplished mors aconcme
ically than 43 now the czss.

Drying in the SID operation is nmore efficient than drying by bot aiw
Ior a nnber of reasons, In the first place, supsrherted steam has & much
greater heat content than air at a given temperature. It also has & gread
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thirst or affinity for water; that is, it is the nature of steam to "want®
40 go to the saturated state. Alsc of great signiflcance is that temperw
atures of SDO to £00°F are more feasible ip the 31D cylinder than in a kot
air drier. High temperatures for the drying of Rayle ware are advantagecus
bYecause a legser gquantity of heat is required to evaporate a given amount
of water (heat of vaporization decreases with increass in temperature),
and also besause the viscosity of tha water is less, thereby permitting
the water from the intarior of the piecs to migrate mors readily to the
surface where evaporation ocowrs. Drying in the ¢ylinder has the advantage
alsc in thai the ware is alveady hot throughout at the start of the drying
operation and doas not bave to be brougot up froam room temperaturs.

The mechanism by which Xayle warse driss 1s not generaily understood.
Practically all of the moiature is evaporuted at or near the surface, Wwithin
ihe atructurs of Kasylo producta is a nestwork of extremely fine, continuous
capillaries, which at the start of drying are filled with watar. The diameters
of thess capillaries are 8¢ smail that the vaper pressuse of tha water in
them ia depressed tremsccously. Accordingly, the delling poeint «f the water
in thess gapillaries is extremely nigh. Therefore, there is evesyy meaaocn 4o
believe that water does not avaporsts from the surface of the water daep
down in one of thase fine capillsries, 7To escape 1% muss migrate through
these parrow tubes to the gsurface, and evsporate at this point.

This dving hehavior explaias wiy Zaylo-20 ware dries so much fagter
than does Kaylo-l0 ware uader the game conditione. Ths xomotlife structure
of the former is more coarsely crywtalline than the Lobermorife strocture
of the latter., This results in caplliaries of larger diameter that can
delivar smoisture to the surface more readily. Consequently, the Xaylow20
product dries in fram L/2 to 3/L of the time required for a comparaples piscs
of Kaylo=10 ware,.

The question has been raised zs to why make-up uir i3 not empioyed in
the hot air, asuxiliary drisrsat the plant to reduce the relative humidity
of the drying simosphere., The angswer to this ia it ia more imporianot from
tke standpoint of drying to maintain as ligh a tempersture ag feasibls than
o bring sbout a reduction in relative humidity. 1o facit, the maximum relative
humadity that can obtain in the driers operating at 3009 and at atmospheric
rressore i3 only aboud 20%. . Under these conditions drying from the surface
will be very rapid, and the time pequired to dry Th® piece af 3 whole depends
npon the rate of migration of moisture from the interior to the surface.
As menticned eariier high temperstures speed up this migration.

For the reasons Just discussed, & plant shoald pot be designed to include
awdilary drying as an integral part of the processing. Te be sure, provisions
should be mads for auch drying I cases of emergancies, and for drying of
a wet train or portions of a train that result occaslonsily for one reason
oy ancther. For cases of this pature, it does not appear feraible to re-
procass & frain in the cylinder. On the other hand It should prove econame
ical in the long run to have a gspare or standwby cylinder that could be put
into service when another i3 down for repairs or cleaning, rather than
attempting to make up the loss of production by golnp to *wel® cycles on
all the other cylinders. When no spars cylinder i3 available and auwrilisry
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driers are already being used to near capacity {(as i the present situatien
at Berlin), it is the matural tendency vo contimua waing a cylinder long
after a vepair or ¢lesning jcb has been indicated. Prolongad oneration of
a eylinder that has lost much of iis efficiency because of need of repair

or cleaning, is, of ceurse. cogtly.

Returning to the SID cycles, after the drying phase is complete {the
motsture of the ware reduced to a4 prescribed amount), the tixer gtarts the
time-pressure cam which oparates the vent to the low pressure system valve
and staprts 1o depreagurize the cylinder, After the pressurs reachsas that
of the low pressurs system, the controls switch fram the vent to the low
presgure valve 46 the vant to the atmoapherw vaive %o continue the lowering
of the pressurs in the cylindey, At this point the fan i2 siso siopped.
The preasuare comtimmss to decreass until atmospheric pressure is reached
and the cycle coupleved. The gtandard down times witdh plpe covering losds
are 25 mimutes for eack of the three 175 psl cylinders, &nd 20 minutes for
the two 200 psi amd the seven 250 pei cylinders. :

The vapld yata at which the ¢cylinder can be sallely brought downa frem
pressurs is maas possible by the ware being in a dry state. Forweriy when
ordinayry saturated gteaw avtoclaves wers in nse, the rate at which the
pressure vas reducec was held at 1 pai/mirute; at faster rates the saturated
wnre would blow wpe. Herein liss ancther great aavawmtage of the SID over
erdinary autoclaves., Wits SID cyiindern diy ware can be produced at a
consideraply greater raze than can wet wars By saturated steam vessels.

Than, of course, provision haa to be mads to dry all) of the products
from the lattar type of cylinders. Ay menticned esriier. hot aly drying
iz a prolonged and inefficient means aof accomplishing this for hydious
calefwnm giifcats produsty. It i3 of interest that the J-N plant at Manville
hag 16 drying tunneis, i70 fest long, equipped with & tracks per tunnel,
having a total capacity for 1,800 cars of ware, This plant kag nine cylinders
of the couveantiona] type. .

e 250 pai cylinders at Berlin are rmuch more efficisnt than tha 175
pei onez. The latter are remuants of sar.y operaiion which have been cone
verted to the SID types On an gverage, tha total cycies in the former are
shopter byt 1 hour for i-i/2% thick ware, 2 hours for 2-1/2" to 3" ware,
and 5 hours for 3-3/4" wo y=-1/4" thicknesses, Just what cpersting pressure
would be the most faverable ip plant practice remains o be determinsd,
There is 1ittie doubt that it wiil prove to be higher than 250 pei, but
hew much in axcess of this pressurs i & matter of pure gpeculation. A
the operating pressures {and tempsratures) increase, the rats of reaction
increcsen, ay shouid the rate of drying. Whiles the dagrees of superhest
at 600°F {difference betwean 600°F ant the temperature of saturated stean
at a given operating pressure) will decresse a3 the oparating cressure
inereases, this shouid not in itself result in Lower drying within practicsl
ranges of pressures. Z%The higher temperaturss that will exist throughout
the ware should more than offset the affect of fewar degress of superheat.
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On the other aide of the picture is the longer tise required to bring
the sylinder up to pressure and to depressurize it at the end of the yrun,
The time consumed ia accomplishing thess two phases of the cycle could be
appreciable at certaln high pressures, and more than balance the gain in
time possible for the indurating and drying rhases of tha cyvle. The Researcn
laboratory at Rewark is obtaining an axperimental S5ID c¢ylinder capable of
operating up vo 500 psi. For the firwt time equipment will be avaldlable
to conduct experiments to determine optimum 5ID conditions and to obtain
some badly needed information.

Tt 43 likely that the Limiting factor in vogud to opersting preagsures
will prove to be the cost of the equipment deaigned to handis such pressures
as well sz certain other added costy dnvelved in cperating atl pressures

which are sncommon for vesssis of this slze.
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Chapter X
OPERATIONS SUBSEQUENT TO AUTOCIAVING

After the ware emerges from the autoclave, and ia in a dry conditdon,
it pust underge trimming and finishing, warping, paccing, and storage in
the warehouse. Of contse, the ware i inspected by Quality Control at all
of these stations, If discolored or rough surfaces are detected at the
trim saw, this ware i3 taken cut of the line for hand cleaning and smoothing
cf the surfaces belore it i3 sent on for wrapping.

The bandling of the ware aftar it leaves the agtoclave I3 ihe mogt
Ansflicient of all of the operations st Beriin. This is probably the mattral
result of the plant having evolved for the most part, from a sand-lime bydek
plant to ons producing Eaylo productss. The inefficiency is strikingly evident
when ons considers that s given piace of ware coming fram a cyliinder om a
puat® cyels i3 1likely 4o he handled or removed from one location 4o ancther,
wingly or in w contaiuer of acwms sort, 16 separsta times before 44 Is on its
way t0 the customer. A& comparison of Beriln and Mamville operations fn this
ares ravesls a sitartlinrg contrasi.

It must be ssid ihat managsment of Berlin is awsre of these deplorable
conditions and has given GPFD Engineering the project for cooveyer aand equip-
ment from trdim saw to wrap and pack sresz. On the conveyor all pipe covering
w1l be end trimmed, 1 for only a "idass® to produce square ands,  On the
Bame comveyor, tha pipe covering will be bterushed to remove discolorations
aud bhuowps resmiting from dirty molds. The adhesive will be appiied mechenw
ically. The wrapping will be done by hand, and carton sealing will be
accompiished by top and bottom sealara,

This project is axcellent ag far as it goes, but & materizl handiing
enpginpering study should be mads of the conpliets aperation to determine how
the generai condition at Berlin could be Improved, and to come gp with
recommendations in this respect for & new plant. That thare are 23 1iri
irocks contimonsly moving thoroughout the Beriin plant in an apparent helter-
skelter fashion, iz iliustretive of the problem, Asids from all other cbyvlous
undeyirsble aspecta, & considerzble amowrd of damagsd wars resulits from this

manner of handYing,
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Chapter XTI
AGITLIARY OPERATICNS

Naturally, there are many susplensntary operstions commmctad with the
proauction of Kayle products that are more or less coomon in the mamfaciure
of amy ayticle. These will not be discussed, There i3, however, one guch
cperation that 1 peculiayr to the subject proceas. Thas ia the cleaning
of moldse

The meihod now smployed inveives the use of an Ishihitad acid to dissolve
the adharing calciwn silicate. 3Back in 1950, as part of the investigation
af 83ID possibilities, O-I Ressrrch conducted studies of varicuzs mold cleaning
methods. The recomendatien waa made that acid cleaning be dropped Irom
awy furtheyr conmideration becanse af the many objectlons inherent in this
mathod. For same reaaocn, probably becauss of & relativaly high inmitigd
coat of an alternative method that wsa recommandsd, ithis advice was unhesded

by mausgesent and acld ¢lenning vas put inte operstion.

The result has prompted the Flant Manager at Berlin 4o write on Aprsl 8,
1559: ®Thae cleaning of melds with the uss of acid must be ellminzted at the
earliest posaible times for two reasung: first, the mold egnipment has now
peen subjfected to scid atvtack for sufficlent yearm that the rate of deterdoraticn
is becoming greatly ascelerated. Unless this is stopped, large replacement
couts for molds will be encountared. Second, evaryons is familisr with the
aforementionsd labor costas incurred, which cause 18 hasad on ths nae of
acid for mold cleaning. ¥e had g Pangborpses papresentative in last Friday,
and all pagt work that was done was covered 3n his files. This goes back |
#s far as 1950, when Reasarch of U1 condusied the experiments. The cleaning
of the molds will be done by a saf't abragive blastipg, using walnut shells.
Panghorn dae had many installations of this type of hlast clesning., They
also have the design, which was designed long befere and never Iollowsd througiiewws.
This reduces all of the etching of the mhells {molds} and alse eliminates
the cost of acid and allied materisl cost. It will eliminate tha marpower
aferemantionsd, as well as reduca manpower in Mold Repair for cleaning and
repairs necessary. It will incresse ths run 1life of the molds before cleaning
is necessary. The blasting is done with rotatlag wheels thyowing the abrasive
againgt the mold rathar than naing high pressure alr, whick calla for a large
adr compressor cost of installation and operaticn.

We are mding out a shell {mold) for them to again check the butldup
(deposit) to maks sore that the machine will efficiemtly do the job.

+#Cost of hand cleaning atalus and removing rough swrfaces, both the
resuit of acid ¢leaning of the molds, from & large portion of the ware.

#¥Tha method recomended by 0-1 Research.
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Phis i3 a four-wheal job and the ¢ost lg ronghly $10,000 per wheel,

which of course inciudes the entire insstallation, however, it should be
in the ares of 335,000 or & little less. The machine has to be set ina
pit and will have conveyer helding of molds inte, through, and oun of the

blast cleaning area.

We will follow this project diligently and with dispatch, and ag soon
as design cost, time of mamufacture, installation time and cost are secured

will follow through with a 90L.°

Alopg with the acid cleaning, the other methods atudles by O-I Research,
and not recawmended for one yesson oy another, wers: High pressure stemm;
bigh pressure watar; mechanical brushing; superscnic vibration.

The clsaming of molds would not likely be a problem of sny consequencs
if they were to be mads of stainless stesi. L& few resplecementa have been
congtructed fairly recently of this metal, and the performance in reypect
to buildup and the surface af the wars has been remarkiable, Aflsr about
tuo months of service, the metal atdill exhibhiis a mirror-like appearance.
If the preszent behavior continusa over a prolonged perdcd cof tims, the
sconomics involved should be svalusted., An uwnfavorable sansver would probaebly
resuld in the Beriin situation, in that it wonld likely be poor aconamy to
merely replace the black Aron shells with gisiniess steel, thus duplicating
nolds that are 100 short. But it may be a diffarent story if new frames
and new molds were to bs fabricated for use at s differemt location,
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Chapter IIX
NOICATED MODIFICATIONS OF PHESENT FROCESS AND EQUIAENT

At no comparable period in the history of the Kaylo operation have
g0 mawy changes snd improvements been mads as in the past few montha aud
wpaky, Although the wyiting of this memual has been done 8t intervala
over & perdod of no more than six weseks up ito this point, many of the changes
indicated in previous chapters as being desirable have slready deen sccom—
plished and in opsraticvn. Furthermore, seversl others are scheduled for
eariy completion. On the assumption that these, too, will be in sffsct
beforse this manual i1s in the hands of the rsader, no forther mention will
be mads here.

whe items that are listed in this chaptar are those likely not to bLe
ix operstiocn in the very near futurs becsuss of the magnifude of the project,
leck of manpower and/or space ab Beriln, o other valid reasons for the
dalay. At the risk «f appearing repetitious and recdundant, mentdon will
he mada of certain subjects for the sake of emphasizing their importance,
They showld be considered from the standpoint of feasibility of incorperaticm
&% Beridn, and should by all means be taken into considaratdon i,n the design

of any new plant.

In this Jatter connection, Berlin exparience is providing and will
continue to provida, valuable information lu respect to process and equipment.
Contrary te the situziion in many plants, there is very little or no conservy-
shium. in the attitude of ths management of Bewiin, Hathey than baing averse
t0 any change, thare is an expression of deslire to try anything new if 1t
has at lsast a 50-50 chance of being fayorasble from the standpolnt of coat
savings, imxcreased production, or guality of ithe product.

With this forevword, furiher discussion of certaldn itema follows.
Separate Produstion Lines for Kaylo=20 Were

In the present sei.up, Kaylo-2Z0 ware 1y macs on the name line as Xaylowi(

cta. This all tos frequently resulls in an sxceszive samount of off-uare,
The Faylo«i0 line is designed to handle prehardsned material, Xayle-2U
glureies 4o not prebarden. The long route that the molds £i3led with a
fludd slurry must follow » including pasaage through the prehardensr - resuits
in shifting of the slurzry, causing the end product 4o be oul of dimensions,
Not only this, but the Eaylo~lO zlurry and ware in all atages of the process,
from mixer to cyiinder, must be ¢leared ocut of way before Saylo~20 produciion
goes tﬁrough. This yesults in waste of time even undear the best schadnling
possibis.

The line for Kaylo~20 products should, of comrse, not include a prew
hardener, but should provide a short, smooih passage from pom-izg statdon
to the ¢ylinder,
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Separata mixers for Xaylow20 slurriss would eliminate the necessity
Tor wazking the mixers and piping free of Kaylo~l0 slirriea when runs ars
to be made. They would alao make possible a reduction in the mmber of
datching operations. Under the present practice, tha size of ihe baich
must be vallored to the volume of the molds in the particmiar train being
processed at the time, Since Kaylo«20 slurries do not preharden and may
be held indefinitely, a large quantity of Xaylo-20 batch could be mixed
and dyraws upon 28 needed,

Convevors

It was mentloned in a previous chapter that movement of materials and
ware throughout the Berlin plant is accomplished by & fiest of 23 14ft tyucks, .
and that a meterials handling enginseying study is indicated, Discussion
here is 1lmited 10 the handling of the £11lad molds frem pourdng to cylindar,
becanse rough handling derding this stage of the procesa scniributas to affw
ware. The sloshing of the fluid Kaylow20 slurry wes menitionsd in ths section
above, but danage can alsc resull to Xaylowl0 ware. At certsin intermediste
stages of prehardening, XZaylioc«-l0 maverial has lost 1ts plasticity but has
net yot attained any appreciable degree of cchesion and strength., Mechaniesl
anock can easlly csuse crasking. In the present prastice, filled molds awve
ioaded on cars with flanged wheels t¢ run on & track through ths prehardensr,
A train of cars is made uwp in ths prehavdensy; and the sure recaives bumping
snz jJawrring a8 each car iz added to the train.

Once the Kaylo-10 ware has baen prehardened sufficiestly, it can withstand
a ressonable amound of mechanicsl shock, zo mmooth bandling of tha wire in
the prebardensr ig of greatver lmporifance than on the way from thers to the
¢yiinder., But amooth handling of the fludid Raylow20 slurries i3 reguired
over the sntire rounte.

A dlffarent snd smoother means of carrying both Kaylo-10 and Kaylo-20
ware through the prehardener to loading im the cylinder is indicated. 4
monorail gysiem, for example, may be the angwer ¢o the problem.

Accusmlation of a Traln Pricr 40 Prahardenizzg

The disadvantages inherent in the practice of meaking up itbe train of
wayes inside of the prehardensr have heen discuased in Chapier VIIT. The
favorabls resnits llkely from accwmulating the train prior to entrance inte
the prehaydeney vere also cutlined. .

Prehardeners have in the past been the governing factor affecting the
rate of production, and can also Limit the latitude of batsh formulations
if the capacity for output ia restricted. Under present conditions of formue
lation and rate of producticn,; the prehardensrs are in fairly good balance
with the rest of the processing. But conditlons could change and the prew
hardener capacity could becuame 2 bottleneck., For reasons discussed in detadl
previcusly, a prehardener would function more effectively if it were %o
receive an entire train of wave as a unit instead of one cayr at a Lime.
Toat is to 3ay, a given prehardener could preharden a given train of ware
in a shorter pericd of time if means wers provided for the make~up of the
train before entrance into the prehardener, 01 062 634’&
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Along with ap arrangement of this nature, means should be provided to
permit the by-passing of the prehardener if and when the size of ware apd
availability of a cylinder indicate such iz possible and acdvisable. This
in i{tgelf would have the effecy of innreasing prehardener capacity ln relation
to the other produciion units.

Reserve 310 Cylindes Capacity

At present, in an effort to obiain the utmost in production from existing
eylinders at Beriin, mest of the ware Lz taken from cylinders when the
moisture content 13 about 45%. This wire then must be dried further in
the wuch less effisient anciliary driers, In addition te this loss in
efficiancy, the cost of extra handiing of the ware must be considered. If
an auditicmal SID oylinder wers availahle, the same smomnt of dry ware cowld
be produced at less cost.

It wonld lixely prove Yo be good aconamy 40 have & apATe cylindar
ayallanle for use when cme of the others is down for repslr or claaning,.
A%t pressnt, he withdrawing of & cyiinder from prodsction 18 pestponsd aa
long ag possibls bacanse of the produciiocn problams invoived. I cther
words, i% is kept in operativcn long after a decline in cperatlng efficiency
ia evidant. With a spars svailable, &ll cylinders could be madntained at
top efficienciss without interruption of production.

This spare cyiindesr need not be down sll of the time it la not called
upen Lo replace sncther, but conld be usea to receiva &t least a portien -
of the Kayle-20 ware poured on the separate Kaylo«20 line mentioned earilew,
However, thers should be a clear understanding among ais comserned that its
chief funobion 4s that of & Spare, and shouwld nob be inflaxidly tied in with
rreduntions

Auxd 14 are Dyiary

1% i3 not the Iuntantion of the preceding ssction to Imply that soms
auxiliary drying facilities are not necessary. The point is thay it is
not good practice to employ this type of drying as a routine matier. On
many occagions scme of the ware caming from & "dey" oycle will have a higher
moisture comtent than is permissible {or dry ware sad this ware wiil have
to be given further drying. Mechanical failures, fallurss within the Dowthernm
system, etc., could acmetimes result in ap entire train of wet ware, Undex
conditiong such as thess, it is more Zessidle 40 dry in an awmeiliary drier
than to return to a SID cylinder.

Mold Cleaming

The present method of cleaning molgs with acid i costly, snd after
& time results in serious dasage to the molds, An alteretiva pathod must
be found. Sindies of seversl years ggo inciceted thal an effsctive and
safe job could be dons by blast cleaning with & soft, organic abhrasive.
The plant has jJust recently begun further investigation of this method,
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Improvements on the rouring Line
Thare are several improvesments indgicated on the pouring line, and

concerted efforts ars being made to put tham into affect, Among these are:

Mesna for accomplishing complete removal of Kaylo chips and dust fram meld
cavities prior to filling; mechanical odling of molds; full lengih pouring
devices; mechbanisal BOreauings

Pernaps the greatest benafit te be derived fras these items will be
the elimination of much of the human slament énd the role it plays on the
pouring lins in peapect 40 rate of procuction and the guslity of the ware.

Molia

The major shoricaning of present pipe covaring mcolds is that they are
o Bhort. If the molds were longer (in ths asighborhood of 37*), &ll
pleces of pipe covering could be given an and trim. Lese offwware would
resuit, and even passable ware would genarsily be lmprovsd in quality.

The econmiss should be studied of constricting the shells and coves
af pipe covering molds of stainisas ateel. Trizis in progress Jndicate
1lack of avtack and freedam Iras budldeups Preferance of atalnless ateel
over black iron may depend upon whethsr or not acid clssning is continued.
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Chaptear XIIX

FERTIXNNT REPQRIS

Several detalled repcrts heve teen issued that are pertinant to the

' subiact matier of this menusl. Thoss that are most closely reiated are

ligted below. Coplas are svaiiabis af the deak of the suther of thas
manusl, and ancther set is ox file at the Berlin plani,.

Title

Developmant of and Experimsnta with
wis & x 21t §ID Cylinders at Bariin

D«sztotmh&tchm
Proematmunram

Efrect af Asnbestos Veriations an
Physical Preparties of Xayls
Thermal Inaulation

Fatabvlisimant of Cyclsa foxr 17, 2¥,

and 3* Pips Covering in the SID
Cyidndar at Sayrevillie, N. Jo

Faotora Alfecting Bigh Temperature
Shrinkage of Xayio Thermal Insuiation

Factors Affecting Therual Conductivity
af Kaylo Inswlation -

Factors Contribuitdng o GLf~ware
&t Berdin

Investigation of the Effect of
Vardablss in the Prehardenas
Opexation on the Quality of ihe Ware
Johma~-¥anville Tharsobeston
szvmum- -

10 Mold :
é:gi W,W,m

Kayls Mamufeaturing: Process and
Operaticnal Control

Kaylo Raw Materisls and Processes
Ohservations of the Flat Ware Progess

at the Berlin Flant During the Weaka
of Noveuber § and November 30, 1953

Authoy
Clarence D, Pawliski

Haxrola ¥. 2inx

Be L. Bishop

Hayold P. Lok
Do‘Zo. Bishop
W, Ce wm

Haxold ¥, Zink

Haroldd Fo Zink

Rs S, Grant
Ciarence D. Pawlicil,
Go P Siikwood

Ge 7 Ealousek

Harold Fo Zink
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BugOw57

SmT=54

BBy
T=30~58
Bulw52
6wl3~58

A0 Jm552

1222053




.

“t

Pysical and Chemical Propertiss
of Xaylie Products

N¥o. 1 Productlon Line Training

Marmal

Nos 2 Production Linse ?raining
Hamual,

Review of Bariin Fland Operations

Sayreville SID Damonstration Plants
Backgreund, Design, and Perforpance

Studies of the Effect of Resctivitias
of Viricus Diatomites in the Resztdons
of Formation of Rasylo and Kaylowe{

Studies of Molded Pipe Covering
Off-wre 4% Beriin Plant

Study of Molded Pipe Coverdng Off-ware
8% the Sayreviile Flant

Btudy of SID Cycles st Berlin Flanxt
and Other Factors affecting the
Quality of the Ware

The System Limedlumina-Silica-Water
ane Applications to Xaylo Produsts

The System LimeSilice«Water

Teial Rung of Xonotiite Xayle at the
Beriin Flant, and Properviss of the
Produet

Vertical Casting, Prehardening, andg
Ejeetion of Xaylo Mclded Pips Covering

Vertical Cagting, Prehardening, and

Ejection of Kaylc Molded Pips Covering

Section II
Ionotiite and lepisil Xaylo Producis

Ga La

As Do

Ae Do
O. W

¥alousek

Densy

Denmy
Preifer

Ciarence D, Pawlickt

Da ke

W Co

Joseph Scovrenek

Go Za
Ge La

We O
H, ¥,
Ca T
Ce Ds
He 7o

Gs Ls

A. S. Ayish

Blshop

Taylor

Xalousek
Kalousek

Tayioe
PAS S
Pawlickd,
Pawiieks

Ralouvask

01

10=13=52

S=l7=tk

2w22=5l
8=30w56

8min52

12858

3-16~53

122 3m52

JuZh5ly

10w] 352

I0=13m52

3ubusb

5w7-53

L0m25m53
10m13w52
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