
A.ppr T I 

In 

by 

as Sin.gel" 

'l'heaia s blld.tt.4 tor Partial 

Fulfillment for • Degr.. ot 

jor work 

TE OF SC CB 
in 

CHEMIC ~L NGI ~ I G 

ajor Department 

ering Di'ri.a1on 

Virginia Polyteohnio Institute 

ULA1'1 



a 

J;, I NTRODUOT'ION. 1 

II • LITiP.AftmE REVIEW. 

A. lnsuleitiou. 2 

1. Iuu1ating :Ma.teriale. 2 

a. ~•rm. l -Oonduct1"lity. 3 

b. lnaulation Dn•lo;piaent. 2 

a. lnaul tor• fUl.4 th&i~ llanges. 4 

4. »ome:atie IninU.at<n·a • & 

•· l equ1v..,nt:1 of laaulators. & 
2. ted.ala Skd.1ar to oherer lna.ulation. 1 

a~ Porous Cemettb1t1oue !:Utture1. 1 

b. Poroua Cellul()sic l'"iva'tlve xturca. 8 

9 • Dt'ying • 9 

1. f :tinoi.ples ot D:eybig. 9 

a. 1.ieeheni.em of Dr'.png. 9 

b. Drying ll:ygrosoopic Solid•• lo 

c. Cone~ Rate Period. 12 

4. Falling Rate 0 erlc4. 15 

•• Onlrul Cd.u'tieient of Heat Transfer. 1'6 

t. Capillarity S.n Drylng. 1'7 

2. Prying Eque.tiont. 19 

a. a. K. Lewi•• 19 

b. :r. lt , Sherwood. ao 
o. ~. a. ~. as 
4. Evaporation at t he Surface. 23 



b 

111 W t:W i~AL. 

. rpose of lnve&tigation. 

Plan or PJ"boedure. 

iXing. 

Fond~· 

ii>•~· 

&.terlallh 

Sulphite Fulp_. 

Li:tne. 

Gypsum. 

Cauat.10. 

Carbon Bioulphlde. 

Al't:aliti.um• 

Gna•e• 

.Apparatu • 

li1 raulto Pne1r. 

Xantbe.ti.on Dl"Wll. 

1'inr. 

Motora. 

f'C>F.lllitag .t\p~a:rtd:.WJ • 

Dri~r. 

Moa'QJ.us ot Ruptve iut • 

C:Nshing t;ltJ'tngth Te111.t. 

Thermal Conductivity Teat. 

Method ot PTOC$dut1h 

J:'1' pe..r:ation of Vheosch 

Pioepantion. Q-f Speeime111 mid Results. 

Pralimi.!W.rf Ez:perim~:ats • 

26 



54 

Tw~ Procedures of sing • ·Run&. 

OrdeY of dition. Powdera to Vioco•e1 Vi•eo•• 

Chfmg• of Pnp.onion of Al.W.nwa in .Mic• ~a .s. $8 

~ fJf litiatlng to Ineorpore.te Aluminum - iQ.n s. 40 

Stea SettirJ.G • Run 1. 

IAtrcduction o~ Top Pl te • Run 8• 

4l. 

45 

t&aming with and without Top Plttte • i m;. 9. 4& 

Stee.ndllg va. Air i ·et ""' Ruu 101 11.. 46 

~tme of Applieation ot Top • Runs l!_. 13. 41 

.Air Set with and wttho~ 1'<Jp • Rune: 14, 16~ 8 

Reduced T:tme ot Steaming• Runl' 15• 17• 18, 19. 49 

Rate or OooUng tter t.t~andng • Runs BO;; 21. 52 

FU.gh emperatun Dry He t set • Run 2e. .ea 
Prolonged Air Setting• Run 23. 53 

Dr:fittg at 175°F. 1 60 per cent Rumidit7 • 

11uv.a 2'4, ee, 2e. :av •. 

Drying at 200°1., O per c•nt Rumidity, '2TS Feet 

per l!.fl.nute Air 1 locity - f!uns ts· • . 29. 56 

Air Drying • ~ so. :u, 57 

Drying at U>O:Of •. 60 p&Y cent lt-.141 ty • 



Air DrybJg Dry JJ••t 'f!'Pted Speobie•· 71 

Dl')'ing at U'iO°F., 50 p&l" 4ent ll~t.O.i•Y• 75 

Dr)ing at lfeop., tiO p&r e•Jil\ llmt:clt~~ 119 

li~Dg At IOOOJ~ • • 5Q P4'r Ceilt. 'Runddi ty. 88 

1V • DISCUSSION., 87 

lti•ing. 81 

D~ng Dltt1c\llt1ea. $1 

Uldn litdnation. 89 

Ef't •et Gf St•am 'treatment on &t'blng. 89 

11'f£eet Gt Dey ileat 'l*""t.'llfilt on 6att1~· 90 

Ett•et ot At.r Age11).g Gil Sett lng. 91 

itrtee1' of f ritrmdng on Beyitl£• 91 

llldg• and Con;.er ~ffeata. 92 

Drying of St$amed and Dry li$$cted Spec1la$na • 93 

Bt'feot of 11m.e et 8et~ug <>tl J)ey!l'lg. 9$ 

ftf'ect · t>t M:r V•loeltN• ·94 
' Stfect 0£ T•nq;,erature. 94 

:Physical Ftoperti •• 9 6 

t.1.mttationa. 96 

V. CONCLUSIONS, 97 



Vl . Suw.tARY. 

VU• lJIDLlG.G~Y • 

Vtl I. ACKllfJ'i'ZIJil){JEMl!J,ftTS • 

• 

98 

ltOO 

10$ 



F.i~'lri11e Pe.g•• 

l. lanthator. 29 

3. Formin,g Apparatua. 50 

4. :FroetoJ'*l!Schwartz . Tray.Drier. 31 

5. Modulus ot Ru.ptu,., fest . 31 

a •• Va.rping Due to Skin li'ormation • 0 -Quarter .norm.al 

7. Steaming l ithou't op Pl te - Billowy urface. 

a .. Warpllla Due to ·Jdn ~ms.tion11 

9. Uee ot Top Plate • nouble Warpi • 

lo • .Steaming the l>au i.n 'Wh1.ch FoS'.il1Jd ... <fop :£1.a;te. 
. ' 

11. Steaming t'bAl Da.7 f"\fv ?omS.ag - :top Plat•• 

12.. Air Drying S~eimena .StMmltd on Forming. 

13.. Dey H•e:t Tt-eat:ei Speo'!Mtl• 

42 

44 

50 

.65 

68 

58 

61 

14. Ett•ct 0£ Segntgation of Alwnlnum. on Int&l"nAl StruotUI'•• 61 

Uh Struotu.r.e ot Speci»:um. not Set b,- ~r.mal 1tres.tment. 82 

le. Stl"Ucture O·f Sp$e.1-n S t by Step T ... atm.cuit .. 62 



Oo:b~ ~d l?!fulte1 

Suney Qf E~por111'tenta1 c0r-k ..,. '?able l. 

Pro~ttiea ct .Scherer Inaula:tion - 'l'e.'ble 2 .• 

63 

64 

Physieal Propertie$ of 'eherer I13S t i on • ~ l 66 

Alr Deying of SteanMllCI Speeimiltu • 'l'«l>la s, '• 67 

oi1·tw-e Co:ntfn)t 'Vat. 1~ "" ~pb 2• 69 
1 Peyf.JlB Rate ft• A!oiatu.re Ool\tetti1•• Graph s. 1G 

Moisture Content vs,. '?ime • Graph •• 73 

urying Rate 'V'I.· .• oitture Co:o:b&nt • Graph S., 14 

' "' :017;\ng at 150 F., 80 per eent liumi6tty "" fo.blea 'l.t u. 76 

Drying at 17ioP •• SO per cent limnidity • Table• 9. l l 
~ 

Droy.tng :te. 'ft-• Moisture Content - ~ti\ph 9. 

Drying at 2.00°'.F,. 60 per o•nt llum.tdit)" • Vablea 111 la. , 
.tatw-e Content vs. 'l"lme .. Graph 10. 

Dryiug Rate vs. isturei Coatent ""' Gl-•ph 11. 

7'1 

19 

$1 

88 



1 

lnt•t-.eat in the-nul inJn.•l·..,tlon should be 'Wiivtr&al h'OlA both th• 

domeetio ~th• industrial 1tandpoiut. ~· ob'f'ioua xi:.uon tor domestic 

tnaulairl.on 1• tha.'t of c•ott and a •avlng ot mon.ey iJl th•· bome· Fredi. 

an iaadut•id 1.tandpoint, the u•• of thenal iatulatica i• important to 

prevent the loa• of h••t 11biob 18 a 41.r•ofi lo•• ia dollara. Ati.ot~l" reua 

it that a well. operated pte.nt d•Pflndl larg~ly upon thee aoeuitate oont~o1 

ot te:tnpel"ature. time the tend.enc,- is twara.. ch-1cal prooeea•• wh•r• 

definite temp61"e.tur"t .control ta t•ia,u:trad. M.r ooni:ltionlng hu e,lso o~ 

to tbe tor•rvound. 0.. ot tht nioa.t important ..... in pro~r air 

comit1ontng ia that of them.al tn.ula.tle. (1) 

In the S'tUll:ll$:r of l-917, Dr. J>. c •. Sob .• .,..J" o:r t:h., Virginia Polyt•crud• 

Institute disoover.cl 'bhat upon adding e.lka.1' to 'rtaooa-•t a ohlna like 

materb.l. ot o~idefable •tl"•ngth wu prohoed. Upon adding aluminum to 

tM Dii.x ~rogen. wu evolved,. end. a. porou.a aus wa• produ9ed. whloh upon 

••\!Jting am d:rying formed Ml uo•ll•nt lllBttlatkg ma.t•:rial, porou.s in 

.che.J"aot•r • 

ln 1938, J. A. Rad•pit).ne.r im'e4tige.~ecl th• product further and 

att pttd. to impr-o•• th• ,produ.c'\ by the u• d Ydiou• f1ll.•r•• U. tO'U.l:ld 

that gypaium., -.hen used 1a thi• capa.o1t7 inor•rus.od th• •trength and 

decreased the oraok1ng upon ••tttng. Howev•r, the ditfieul.ty r.mailJ.e4 

tbat upon drying the proliuot warped co:r.uddere.bl,-. ( 15) 

The problea ic to find ef'ficient m~ or d:ry!n.g to pl."tt'lfent warping 

an4 •'hill pr-educe a protu.ct ot good 18$.t.\1-ting -.lue •. 



A. lnault.tion . 

1• d•f1ned by f:ouri•r'• eq'1atlon •Moh atate• that -th• 1\lndamental law 

ot conduotion 1• t1"lt the re.to ot heat tlaw i.• proportional to the area 

of orua eeftion A and to th• temperature ~radiut "" d'b/41.., both 'take». 

at 'bh• ppint. !he pl'apol"ttona.U~ fa<l'tor k 1• oa.lled the thermal 

oonduotiv1ty and :1• defitied by the equ&t$.otu (16) 

d~/dt • - kAdt/dL 

lu 1841 Peclet publiahed hi• p~on•ering 

e~timenta in the t1•14 of. meaturing the oanduot1vit7 ot •ta.ls, 'l'he 

formulas 11'hich h• deri "Ved applied equally all to tlu. h•~.t flow through 

inaulating mater1ttla 1 and th•retEJF• w1 th 11- &thod ot actually uaeurS.ng 

the property of o-onductlvity eal with rapid atrides in indu•tri~l NlCl 

meohan1o$.l fields, the develoraent ot insulating materials .. ~ t.te 

r1$htful place ln evw inoreuinga proportlom .. 

Starting b the eBJ"ly •eventie• t.lflme the· tirat c.ommerci ·1 development 

of pipe covering in th•· ton of plestie oements Wlde fr• clay and aabeatoa 

1'ibfrJ next lime wa• mlxed wi:th •mld.u•t, woQl waste Md paper pulp., lfith 

a flower adhesive or anything that1r0uld atay in plae• on• pipe ttnd 

could 'be tt'ow•led on. 11'-"' iJllulation development in bo'th pip• ooveri:ng and 

block f'orm have puaed through the eta.gee ot generalities llher• oae type 



oE material was ua$4 to.t' all pul"pOG&I • to tbe 1ta$• ~ epeoia11sa.tion, 

1fher-e each ratll;er mu"J'01f r-ange e~ t~ra:b.urr• .and limtt1ng condition ot 

•erviCJ• M• i.ta alfll apeclal Jll8.tertal oz- ma.terl•l•• a tu:ttt!eally deai~ 

to give mmd.t.IWl\ •f'f1o1.eoy ~ ••ni"• In the >.ate e41Yeatiea the tir•t 

CQ'V'9ring of det'!nl:be thie:b••• ••1'41 4.,.•lop-4. ud.. ifook tbt ted'm ot 

corrugated ubeat• pa,_, Wl"&pped up to form an ail" o.t.l type o2 covert.Dg .. 

In :i.aa&, th• ~ ftll kncnnt. Bi P•J' cent mt\gn••t.a we.a dieoove~..i 

fUJd it replaced the air eell t.rpe .Qf cc:we'ri.ltg tor 411 but: th• 1w pr•••w-. 
·•t•am liua. Thia ma'terW •llO"Rd gl"eat ett-.:ti'ffJiMa in prevents.rig 

beo.t los••• fU!Bl: bH•• th•' gemwal e.11 "1'0um\ $.uulatS.on. Hown•..r, £011 

caan ot eevel"e ••"14•·· ••~• • dUe to b•i:ng tubjftot to external damage· 
I • 

this magne&in pro'"4 Wl8:ld'bable, a aold..t •teri.•l of obeatoa fiber• 

and water glaa• wu bebg dev•l•fld• Al tht# iatte.t' l'Jiateria.1 •as l aa 

etticient th.an magueti u en iuul'l-tor. it became deairabl to :til:ld a 

m&t$1i'ld. u •t:f•otive aa magnt1ia fUld tt$ duriab'l u tb' molded fl.bet" 

material. 

'l«ratnAtd.«11 &t tir•t "1~ wbed tog•th.•r ~ lato~ 'b91~ O·emtmted. by 

•odium ailieatct. 'Various thods •l'ft ua.S. to lm.pro-T• the •f'fect1V'$UH.a 

or th• lemiutt4 lu•l•:to:r, tl'u) lilQ1i,t •uc~e£1;11 one Ming tb.e JAnbed41ns 

ot partiol•• of cut aponge in th• aabeotos telta. Indontiag the asbeatoa 

felte to form •ir pockets _ ec 

ln 1895 pur• oorkboard dd )are eottki pip• eo..-to.J"lng wre deu1Qped· 

tor r9frlgeration purpoMeh Thi• me:terb..l o.ont.ined. no f~reip. bonding 

•gtnta, einoe the aa~1ral gums s11f·f'lced. tor the ~1'• upon heat, treatment 

of th• nmterial. 



Fifteen yoara · le.t•r• l>Town argillaceo'Wi aterio.l ( lbae•tone) 'Wtl• 
Jft1xe4 wltb upb.Alt Ud fonwcl l.ato a •Jntheti·c eo~k-U.ke iuulatiou tor 

refri~rat1on work. 

When .1upe1"heat.,ci tt.esm came !lilto guen.l u• tl.lld ol"dinar;v ate• 
O' temperature oApt abov . 660 '•• 1-t was· discovered tha-t mag;neste. n.11 11oi) 

tlll• eornct intul•tion beaauae ot 1ta tendeno1 to c loi t\nG craok. 

Coneequ•ntly by 1 as. t1iere bad been 4eveloped a 11eriM of eompos i ti.on.a 

$mp1oying di to oeoue .eartM u a b~e. 'Molded mat•rh:h eon.elating 

mat.al.y ot lime for ~~atv•• ot lOOQof'. to 12QoCi? • . &Dd of 41•t-oma...,•out· 

earth tor 1*n&r turea ot l200°F to laoo0r. eame -into v..•• or tap.re.tu!' .. 

'between lfmo°F.. t.o IGOO°F" ~ di.atonmcee>ua ·earth ·ana. c1ay 1ferf bu.:rned 

together into a brlek form al24 tht. combiiled tom &ttord• ••ti•t otoey 

insulation for thi• ~ Of e.enlce .. (24) 

tor different range• Qf temporatu!'os. For lo. tempe:re.~ we have 

a'9'ai1ao1• v•getabl• cOtkt m.l.PJ"e.l wool bltnrn tr01n ldner-al elaga &.nd rock 

wool blown from arg1lla¢•o• 112tl.e•tone bf>th botlli-4 •Um 11-1.ph.altt kapOk 

t'i~r1 lam1nate4 wool•tel'b p&P4Jrf iwnilatlon 'board ~ from be.gMt• i'ib•HJ 

i.wsu'latlon bo•ri l,\'l.8de trom liioorioe i'oot.• ~i:.caa lc:iad.• of ah:reddM 

lumber-a,. wheat etrawsi telted o&t'bl• hau1 oorrugat-.dk:,re.ft paper, &D4 

JIOI t ne:entl.1 a.lumimm totl. For Mdiw.tt tel:l:lpera~••· we bav• corru.gtt'ted 

aabe•to• boanlt 85 ~!" oent •psiat laminated e.wbeetoa p pera or •rioua 

kinds• B{)lll8 containing i:mi•n't.a-t1ollS to provide .tr ap•e••, aune a.ont.aining 

a-.ll pari1o1•• of' eut •pOllg• to epace tne l&lnination#t· nrioue typ.9t ot 

rant rla1a conaiati~ only of sbe11toa i'i'be1" :molded to •he.pe 1d th inorganio 

biDden t a= 'ftl'!'ioue typu ot rook •ool pl'oduett • F.or higher temperature• 



<Jf ·from 12000F. t0 l500oF.. th available insulators a~e more limited. For 

the lower part of this temperahd range, di«tomaceo• •arth •1 k uaed 

tn etther i'ta na~a.l form: 1tt bric-k shape• 01" 1Wh•r• 1,ar.ger aizet ar• 

de tr-a.bl• it '111AY be 'bomea. with a. ••11 ~wit of .sbesto• fiber or eom.e 

•p.•siu= ee.rbonat•• F~l" the -~P8' plU't :ot thia t_,.Fat:tqe range, tht 

d.latoma.ceou• earth ia betided. with 4uch uterie.la u elqs e'.lid gr-e>g and 

then o 1c1ne4 at temporaturM highe,. tha.n those for which the JIU\terl.al it 

reo~ed f'Of! Wl•• 
There ls also available fl gwnetel Ulle of' eeme)ltli. 1pocially designed. 

tot- a purpose. '.l'h• aabe•tos o9Unti are g11ner«ll1 not u.#4 tor iuulation 

i.n themselves., . bu:b find a.pplieation u ttnishittg cements to protec't other 

inaule.tb.ig aterla.l1 e.pplied d:il:'ec'hly to tht ua1t .. However, there are 

magn.este. cements,. 4tatomaceou.s es.rt~ cem.~tdc* a*1 rock wool e.emonts which 

a.:re used to insulate turfaoes- which are 1rreglll .r so that pipe eovot1ng 

bl.ookt oan not be u•*1.• (84) 

ch D~atio I¥u.latort Sohatttf'er (16) has di"\tided th. #•ld of 

domeatio 1naulatore into thne el.uses 4e~llding upon types~. 

i. Th appli.c tion of loose till S.nsula:b.ion matel'!lt\b to 

'buileinga al~eaay •rectea-

2. The 1-.t•11e:tion 0£ ineul~ting l!lS.t~rialla 1n the· form ot 

bat• between the 'budding tn the wall& of 1!lft houses or ot 

buildiug• al~endy ereot.n. 

3. 'l'he uee t;>f insulating board appli-1 during ~r aft r the 

oreetion of a hoaMS, 



lnaulating uteri.al ehculd include. chemloal and phyaiod #tabilit)t. it 

must 11ot mold,, powd.$r, o*1d1&•1 di•integre.te, craok. -e1'U16l.e. ·shrl:nk or 

deterlorete in 8.ll1'••y that will impair its orlgine.1 th.el"'lDAl or mechanical. 

etttcienoy. 

More epeoifically the reqatr~•nta of e.n ins.ulator ere 1 for low 
) 

temp~ra.tuJ-e wo~k it muat 'be h1ghl-y reai•tfU'lt t mo1atu~• pen•tra~ton or 

elaa entirely pNtected rrom. moi•'tllU'• pene't:ratd.on. .&~cHt 1 'b must b• 

resistant 'to mold growth. 'fu. date 1 no lPult.to~ has Wan tolllld that 1, 

completely ~•tan~ to 1.'llOiatur• peaetration and the ceat o~ prot.oting 

the insulator ~ btt p:r<>hlbi t1ff• lt 111Uat 'b• re:t>ellut to Termin ,or at 

lea.et not harbor them, particularly tr they an to be us~ fo~ food etol"ae• 

:lntulatlon.- FGr &lll.ti•factotl'Y ••1"'1'1c~ they auat •in'im-1.ll ~etr s'brengtb 

whioh in 1teelt' must be aaUQfaetoey •••n with the .contained -.ater on the 

surtoce Whioh it lidght pick up dunng use.-

In the low pressure fi•ld,. insulator& are ma.inly required to be 

sturdy, light in weight to pend:t ot as light • atN-ct~al support u 

p¢eaible., euy -to apply and uff1.:cie;itl.¥. effe·otl:•e to eh01t J!IA\•qvate retun) 

For mediUlll IUld high ta~re:t\U"e 1"$.•14&• inaulatlo:u ot a ore 

.-etr otoey nature e.re required, which will not er ek, $pall, or unduly 

oompreat unde:r ro aonablo load•• i'he 111Ateri.ei.l muet: 'be pro-of .agd:ut chemie•l 

d•compoaition or dehydM1;~ion Uioh would tapt:l.$r itt luau:J.atb:ig valu•-• 

l'h.tt guidi~ faotors for the choice o£ .n 111tulatol' tor a ep•cl:f'io 

purpo•• ue the tQaPeratun of op&t-ation,. th• thiokne:Gs requirej1 the 

'tl•iiht required and penniuabl•• tn. nteehal\.1.ctt.l strength and the 

r&atativity, re:striotiont on 'the uthod. of e.ppl1oe:t1on, the presence of 

fume• '0~ moistu:r•• the oftrall eo·•" to obtain the ·desired heat -•e:ving w 
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low maintc.nence ehs.rg". { 24) 

!t liat•r1al• S~lar ~o S~jw1ret I9u:1a-t;lon 

Sev•ral products ,have been d-eveloped which an siJUlG.r to Schere1' 

Ineulat-ion, in that a reeo~ion producing a gas ooeura giving • porous 

stru.eture to th• wsp•cU.nst 

dtTeloped by Joh~ A. IF:lksaon (5J, Bruno Neu.hot (12}, Wall•4• A• llaldwll 

(t). '.l'homu. C~on (4) a:n4 Noel A. Blll (&). llr1kason'• work invol1tecJ a 

mi.atur• Which s•t to a ~rou• llVl&lll at'bet- edmlsture with watGr Md oonta:lntd. 

cement. U• and a metal &uch as sine or e.bm!h'lll11l •hich reacted •ith the 

other lngrecU.e~ to ge».en.te e. g$$. upon the ad.41 t.ion ot wat~r • Thia gi v•a 

e. high degn ot poi-oatv· wtth th• pol'e• aeparate4. by 1art!:ld.ont ••· 

11he.t air circulation la preTented. lt has a high 1nsule.t1ng 'Value and can 

be molded into briokB• l)lates e-nd walla. It alao has a high strength 

which oan be 1nor&e.s.e4 by c1ecr&a$1ng the poroei.ty. Neunot pr•pued lign't 

•tone,, plaster and he.at 1nau1ati.llg materials b.y m1%blg mi11tJral. material• 

eu-ch aa lUie,,. oem•n"Q~ .el~y with the wae.te lftllphi • or eulpha.te lye from 

·eelluloa m.anufa.ctu:re. Al.ka.li aarbt>M.tea nre aleo ua-4. Caldwell,. used a 

eono:rete mixture having • pB ot 11.5 to 13.8 1n.oorporat.e4 with a mateJ'io.l 

auch a• p~eP$'1 aluminum to volve a gaa 'Id.th th• alkali pres•~t &.nd 

thu.a produce a perou.a structure. Coxen produced. pl.a.st.er eatting with a 

cellular s•t1•uctu,re. I'b contained finEJ.lf 4iTi.df;d tmh~rite1 .a small 

UJOunt of on or lllOl"• aooeler~tora suoh u potttsaium $ulph.(lte, 12.no 

sulphate or aluminum •ulphatt; a e.lt:mll amount of gu ,producing ingrediwt 

fUld. -. a:mall At1XOunt of pol"'tle.n4 oeme:nt. !i.ll~ produe&d pot'ou.a a.sbeato•• 

c m.ent cu1impoullds by nWdng cement, as~eto• and a metal such as aluminum. 
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O'r' aino powd•r 1ti. th ft'her and t•ed1ng the •im-ey onto a paper maehln• 

11'here1n lellii.m.ted th•et• ~· .ton.wtd • !h• •h••ta ·ar• the;n trM-te4 wt 'bl:l. 

a 8Glutlon ot •~um. h'4ro.xid• with or 1fi,thou"t m aoe•l•"e.tor. Olay, 

4ia:bomaoeoul eU'bh., glu.•• 1taroh or Um.. may be boludeo,. 

~·· ~orowr Oellul~S.o, ¥eri ~'bl.Ye !!!tur~ Georg• Somi.td:•r ( 11), 

Reginald O. Rersug am Hellmut Itof'ftuml ('1), am GeoP~ A. Fl•toher {&) 
have msi1e pol"wa JFoduct• with th• aitl of ee1lu1ostc d1triva.t!iv••· Sohlleider 

ue.a a dertftti'V'Q euoh aa the aeei:&te an4 mi-4 it With s.odi'W:ll c,a.l"bonate 

ol" bio rbonate Whieh would deeompoae ml4•r the intlutJ:u~ of heat alone 

and at a temperature below the tulion point ~t th• eellulo•1o d•r1vative. 

h'taug arid. Hotfmaml u•ed & 'l'i•o~• ao,lutlon beat•n tl)to e. foa and 

l>oured into •td.1 when it •u· ooa.gulat'ed by tn&taeat w1 th an acid 

gaa • 1da b«ing gaf pum4hi.bl• wa1It were u•ed. 11•tcthe1' used :pa.rtte-:i..• 

ot a. tal that would lfes.ot id th S'Qdium hJdFOside eTOlving h;vdro~n a.nd 

mix.ct these particles with a eolu~ton ot Vi.toe•• to tona a por~u• ma81J. 

On co~gu1ation flDil regentre:tion i'b fo-rma ll po-roue #oltd •truct\U'e• The 

evolution of h~regen •Y b• l"etm-1 "by th• UJ& ot 011ttor. Tul"k•)f red 

or othei- oil 1-fo:ta mi4ition to tti. viaooae.,. Fl&&, h-.p, cotton; j\lte, 

or other tibes-e may b• tMlhd to the v:1aoos•• 
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1. Prinoiplea of Drx!!e 

a. ohanl•a ot DrlintJ 1'h• air drying of a •ol1d involve• the 

..-aporisation of the liquid oontained by the •olid, tollowed by the 

removal ot the vapor in a atrem of air. The outatanding queation1 in 

the drying of 1olid1 are those concerning the method 1n which water 

traveb through the 1olid up to the aurfaeea how e.Dd. where eve.por tion 

takes placea and how t hese t ctor• affect the oiature dietribution in 

the eolid, the temperature of th• material and the r te of n'tlporation 

Ullder different oonditions or the dryi air auch aa its t per ture, 

humidity and velooity. (18) 

The process of dryi falls into either or both ot two atngo•• the 

oons tant rate and the tal.ling rat. period•. ( 26). For the •alee ot 

def1niteneae, conditlona •uoh ea the following will be aaewned. eh•et 

ia to be dried which 11 ao large in co1aPari•on to its thioknese tho.t 

dryi from the edge of tM aheet may be esw to ~ ~gli~ble. 

Assume alao th t the initial aoieture ooncenti-a.tion 1• uniform and 

eufficiently high ao that the surface of the ~Met i• thoroughly wet. 

:U • as the eheet ia br<:>ught into cont ot With the warmer a1r, the 

w ter on the aurtace beglm to evaporate and the "fapor t'low• through 

the air film into th• aurrou.nding air e.nd 1• carried off by the ai.r 

etre • The dee re se in the moioture concentration at the aurt'ac e causes 

liquid w tor to tlow to the aurf e fro the interior ot th• eol1d, 

depleting the total w t .r content or the sheet. So long u the eurf"aoe 

remain.a sutf'iciently wt, the evapori tion proceed• at conatant r1,ite. 
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It the n-a.poration. ii continued. the surface conc•ntration ot t r.e liquid 

eventually be-cotaea ao low that the aurfaoe no longer behave• u though 

1t •r• thoroughly w't, al1d hence th• evaporation r t• Cleoreaae1 and the 

ao-oalle4 falling rate period begina• The mo1eture oonten:t at which 

the d.ryi rat e ata.rta to deoreae• 1• called th6 cr1tioal moieture 

content. 

1'.ne .flow ot liquid tro the int riol' ot the aheet 'bo the $Ul"'f ao• 

11 y dif.tusion (9). Th• two pJ1>ceases, 41.t:fuaion e.nd ~nporation from 

the eu.rfa~ go on aimultan.eoualy until the drying operation haa been 

au1pendecl or the aheet hu conw to equilibriwa wi-th the drying air. 

In aome oaaea the re•iatanee to eurfaoe e poration 1• the controlling 

taetor .bl drying, while in other• the !'9Si•t&nc• ta diti'uaion 11 the 

controlli taetor. 

The vapor preaeure ot wat r over 

aolld. If the we.ter 1• progreeeively remove«, a 1110iature oonoentration 

will b• reached. whar• th• a1ueoua 'ftpot" pl"ee1ure on:r tn. 10114 t.gin1 

to d.eoJ'eaae and bec0111H ln.i than that over w :ter at th• a t9nl"l"a.ture • 
• 

lfateriala the.t haYe a conaide·rabl• water oont•nt at thia point are 

hygroeoopio solids. 1hid tug~eata th t the total water oontent ot a 

aolid may be divided into two ole.aa••• free and bound water. Fr•• 

water may be detinecl u water 1'h.ioh ezerta 1 ta tull vapor pressure and 

11 hel4 in the voids of the 1olid. Bound water ia water whioh exert1 

lea• than it• normal vapor pre••ure and. :may be liquid in very fine 

cap11lariea, water with salt• diesolved in it in cell or t1ber wall•• 
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or water 1n o.hemloal ·Gt" pbyd.cBl oombina'"on• The r laticm between the 

vapor pres.sure cf water ove:r the solid and th•w~ter oontent o'E the 

solid la determined by eape1'ilnent and ta generally gi~en ae cu of 

m.oistur& content ftzt$U$ the relative humidity of the atr tn. equilibrium 

nth the mat-erlal-. ~- moi1 ture c:0ntent eo:PMSJllOX141ng to lOt> ~r cent 

re le.ti e h~d.l ty ~lvtde-s tho free Qld bound wa-ter ~tU\fh .Ab Ol'Ption 

and desorpti~ cune do act ·coincide, the a.eorption curve& b•inz 

higher in water content tor a definite humiditf al2d are the. on.ea uae,4 

wbea dryi.: e. aol14. By ueumtng that only free· wa:t$J" d1tf'uaea through 

tne solid a• •~ter 'ftpor1 to &hOlt ~he difference :I.a :retes $f d1££uaton 

between free and bound water. ~ that we.tet" ve:por d:U'fu&'-ng through 

the eolid 1a t my point in quili'bl'iWI irdth th solid. .as thown. by th• 

de$orpt1on eu.rve ot th• a.teed l, the •ohani.tt ot drylng may be 

repr"6aente4 1n the toll,o:win.g way: Sinoe thtJ drying r-at. At<!IHe.aee e.ft•r 

the or~ ti.cal moistuP• eat•nt, th$ partlal -,~essure gl'IMi!ent in the· Q..ir 

adja.ce11t to the aoltd 4ecreaeea 1 and •tnce the hea~ require ent a.leo 

decreases, the temperatun .grad.ten~ in tb,e &ir d-.Oreaan. Up to the 

o:tii:toal point th• e.A.r $'h the air-eolid in\ertao• ia aatunttd.. It "bh• 

humld.lty decrease• nnd. the tetnpePat\U'e l.nq:teuu at the at~-•olid 

tnttilrfs.oe. e. oonditi•n a.rise• wner• the aiF at th int.r:taee is no 

longer saturated. Thi• indicates thnt f're• lfD,ter must have been 

vaporized before Ur reo.ohed the aut"l'aee or 1'.t 1'&poric11tion le o.oauring 

ett the aurfa.ee 1t iautt 'be from bound water, end that e:t th.Alt OFit!cal 

point the ooneetJ.trAtion. 0£ moisture at 'he S\lrfti..oe ia .,qual 'to the 

equiltbriu moi.et:ur• content corr••ponding t<> •at\tr ted: atr at the 

temperature of the aolld at tme air-•olid interface. Du-ting the 
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eoatant i-ate period the temp&ratlll"e at th• a.ii"' aol14 lnber.f o• ia the 

WC9t bulb tletnpllt'a.tur.o Of the fd.l'• Alf the dqi~ pr0~•1s -oontinu•t• the 

t$lllper 'b\!lre 1e.t the: elll"f'aee oo?Jtinuea to ~1•• Uld 'th9 partial pr saur•· 

-to ffl.ll• · i• 1mUoa.te• that it Tapotri~e.tion ot tz.ee moi•ture ii 

o(lourring. euob irnporiaati.on 11 t:nkii1.g plaoe 1.t t. eontinuaUy 

re.treating plane.. Fr•t moisture ve:.porises from the oentf>ir line ot the 

to1:td to that pl~ am. boux.! watel' from. th• pla.ns to the air solid 

1:.nterf~o•• A' 84,1,Y poiat lD th.11 latter· &oiW, th• ~tr 11 ln •tau1Ubr1'0$ 

with the sou&. tt 'bhe •ub•te.uce i• non-hygro•aopi-0, the ftporbation 

~ we'!M'l"hW.iaa-ie c0t4f'ine4 to. • Xltln'OW son.- Wid• the aolid., a.n4 it 

hygro1copi~, e. oonaid•rabl• pol"b!on o~ the •'"'por•tioa tab• plac.e 'between 

the vapori·aatio!l plane al'J4 tn• air eolS.d lll.terface. For hygro•«•P!o 

aoli4•1 all of' ~· h••t le not u•ed to vc.\por1i• ~· wa~r as a good 

d•al i.a J"•tal'tla4 h the •<me ot "V&pori1attoa to v-apori•• ooUDd eter.(11) 

o ~ Oonatattt iai,e P•l"1o4 In the, oOQ&ttan'b rate Jl'd.o4 • 

Sh•nood (20) bu •t~t.a that; the· avtaee t• aoapl•tely •t, wlth 

'Irater aJt4 ~t tht rate of' d,~ng t•, eimtl.MLJ' i»· t~ ne.tQiia'biol'i ot 

w1.ter trom a tr.• aurta.o•• Carrie.r (a) bu · 't•cu.••- thb tna ot 
evapcraticm tWd ha& ahaWn that that the r-e:t• ot drying depends upon tb.e 

f'ollotdttg I 

1 • l'h• vapor tens.1.on ot th• ·meittQ:r:e in the m&1-rlal 

~ol'J.11••po....itag to .u., temp•rat'tU'•~ 

a. th• ft or temton of th••o1,ttur. in 'bhe a1r ... ·'• .. - - ", 

GcHT•apolMiiog lie 1 qa. abaolvt6 huud.dt ty or d• point 

~Pature. 
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3. ~. eft•cti•• v.elocity ot ·tu alr ovelf the •UJ'i' oe. 

4. fke. phyal.o1il ~ che.mioal. pl'Oporid•• d th• ••rt.al 

l::>oti1g drie4. 

li• has shown that th• · rate Qf evaporation at qy ineto.n't per w:d t 

•u~tace 1• propo-rt1.Qn$.l to tht 4U'l'e"?'ec.e in •apor pna'ture ~-.n 

the liquid d . the vap¢1"' ot that 1iqaid i~ the ixmnediate 'V'ie!n1ty. 

This l"lela.tt.on$h,1p is •hotm. 'by tn• toll-owing equa.tiont 

4-/dt •• , •• - • ') 

Thi• h<>l~ <>nl.y to~ tht following• 

l. For • tree liquid sur:fn.oe or tor the npor pr.essure 

ot th• liquid at the aurfe.cet ot e. wet mate:ri$.l. 

2. lh.n th• total pnssur• h gn&ter Ca th• Tapor 

pt••w• ot th• Uquid• 

I .. C:onatent oolldt'b1ona ot air velocity tn4. it. dtr.ect1on. 

4. •th•r th.9 liquid. i• abO-ff Qr O.law th• t~rature 

of the surrounding e:tnlotlphete. 

5. !th• quanti<Q.7 s ti p!!obe.bly ln4ep•••lrll ot tru. 1.a:te.nt 

ht&'C of .eTI1iporatlon. b\t'b "l"U'1•• d11'e0tly •• the moleoulu 

wigh\ or the· eYB.,Po~'bing Uqu1a,. 

0 rl""ie:r hu also rOUl'ld that the. ~ate ot . ...,_por&tion incroaaea 

41.reotly with an 14Cr.aa• in the .,,,1crcity ot thtt ur. !he •:tt•ot ot 

i:ht wlocity i• Apparently to i»;0r•a.a• the rate ot di.tt\laion 0£ U.(luid 

to the, •tt-4 aut"ta.¢9• fh•F• la Wldoubte41y a. •ut-.ee tUm of 'f'llpoJ" 

.:aaturat.a -.t the 11q1.:t14 temperatul'e which 1• admi.ud with ~- air, 

brokn up and 1".,.,,.c1 in 4.1:Hcrt propo~ion to the wloc1ty or 1quar• 

roct of tb• •u:rfao•-t'r'loti.Ql'll.l.. h•a4-ttt•ctt- by atmosph•J'li~ mov~nt. 



!hie m.ay be qp~eH414 u tollowt • 

ctw/41:! • (a • h1-}(•• • •l 
•htl"f a 1• the n.t• ot • ...,pont1on t.11. •til1 Ail"• 

'b h the rat.fl; •t• incraae& ill the ••pop.ti~n lfi.tb. the ftlaottv 

et 11 th: 'Ve.poi" p!>8H'1H of the llqu14 1 'the tolid 

• i• the· •apo11 P:f"•&!lur• !ti the e.tlo.otph•r• 

A tr'e wett.d ~face tt'>nd• to t.•a,,.._ a definite m11rhtam 

temp&rtlture ot eftporat10i:t: wlth a e~rreap$1JdS.ng n.por pressure••• 
'llt• ten:ipenture is d.eppdent 'U.PQn the le.tent hoat w:-1 thA, ·•Pte1n.c 

•i ot th• •e:turated T&por ,-.... •peoU'ic htat and th• cteua! ty ot the 

atml>epheJ'e ~ th• degree ot ini'blal ••tu.ration wtth th• ~J?or. It ta. 
~ 

~ a• th• -~ btllb te~nJ.tur•-11 In beeom111g ee.turat.4. with 11C>i1itur•. 

im• atmo•ph•r• 0001• down to th.•· •'b ,bulb ~l"'•'Wr• am th• 1at-.t 

heat ot th• wat~Jl' ~ othet' 14.qui.4 ••porat-' ia equal ua.o-'bl7 to the 

lo•• ot een1ibl~ h•at of t.ha ttmo•pher•• 'lh.611 the d.l" ,using ov•r 

m.o'-•t auF.t-o• dt-OP' towa&• the •ftt bulb t_,.,ra~•• 1t•· •por 

~ret•ur• ~ d~ pol».t me teftrda the 1Jet bulb cotld.i~Oll• It fol.1'"9 

that tlle we't bulb t-.per&tul'# ~..UU •Om't.ent., &ltb&tJgh th• 417 bulb 

tenipere.tve drops. tr the material la eve.pora'b1Di f.rMlf, t,_ t-.perature 

i• there.tore aubstantially constant at tb4I wet bulb 'f'alWl. fh6 ra" ot 

e1Mporatlon tnlfl.y 'be .lihmtn to be 4ireotlf proportioMl :to tu •t bulb 

depr•••i<>n u well u to the dilfft'enoe in. pe.riti:al preaeu¥!•1 M:Jd it eu 
b turn b• •howa that t~• 'fftJ bua.b d;•pns•·lon i• proportional to the 

partial gre•ltQ:"e 41tr•reno•• SnerwoQd (20} ha• eoufi1"JM4 t~ "Ii_. ot 
Odrler u •pplled to th• co~tan\ rate period ot dr»tng la •ol14• 

ete.t~ that ttt.o cinvt;ag fo7o• cauilnc th# htta.t fl.ow l• the we'b bulb 
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'depn>,.ion And the driving force ce.ua1n apor d11'fu•1on is the 

differ nee be~•n th• partial preaau.r• or the wat r -.apor 1n the ail' 

end ot the water in th& •olid. ThU is upset it heat h'om other aouro" 

than the air (radi t 1on). t he temperature tending to be decreaa~ and 

the pa~ti 1 preeaur if~•renc• incre ea. '!'he liquid temperature 1• 

thereforo 1ncrensed abo"' th• nt bulb value and the r ate of .,,-a.poration 

ia inore ed. other w '!! to •upply heut t~ a vary •t eolid is by 

conduetion •through tho dry ldgea or other dry au:ll'.faces ot' the ('JOlid• 

In the c •• o.t a bloek or elab, 011e or mor., of the t CM a.re oover-4 

OP Y tor -~rooted 6\Xld the n•e.t inflow through th .. 6 edjo1ning dry 

aurfaeO'J r~i•~• the liquid ~r ture and thus the rate of ...-apoT&tion. 

d. Fp.ll1ns Ra~ Period In dealing with the te.lling rate period. 

Snenrood (l&a to} noted that 1t ld. t be divided into t'lrO diatinot 

divieionas one ot unae:tur ted cur.face dryillg in Which the ree1atance to 

1urf aee evaporation control•• and th• other in11h1oh the reeietlUlOe to 

diffusion of the liquid Qo:ntrola the drying prooe••• ln the oaee· ot 

unaatur te4 eurface drying. the •ffectin •tted au.Tf'aee it lower 

s1n-o th• aur.taco ie no longer completely wetted and t hua oauaee a 

recluotion i:n. the rate of ev. pora.tio-a. 1'he eti'ect:l.ve we'bted surtace 18 

u•ually a etrflight line tunotion of tho. wo.ter content ao that th• rate 

ot drying oul"f• 1• a •~r•1ght lin• in th1• region. 1'h• m&obaniaa ot 

drying 1a timilar to that dving the eonatant rate period am 11 

ther fore b:idependent of the thiolmeH of the spe.obleib 1f te:t 1e 

eftporated u fast u l t d1ttuee• to tM aurfaoe Elml the r••i•t:o.noe to 

1nternel dif!'u.lion is em.all ~ oompared to the retiatanoe of aurface 

enpor-.tion. '?ht raw otwater. diffueion to the •urtaoe decrease•• 
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however. with the 'Water content ot the material. 10 th!!.~ a aeCC>J,1d 

or1:ttoa1 poiut ie l"$:&ohe4 'boYO:nd 111'b1eh th-. reei&tMlofl tel S.•teme.l 

ditfuaton oontrol• the. dryil);g proeea&. 

Em:pe~ta bJ' ~ (19) shdWed that a .attfennoe tn humidity 

aiffeoted the rate Q£ drying dur1J>.g the &one ~iately toUQWi.ng the 

f'lr1t cri t1onl. point but did tU>t a ft'to't it a~• th• s•conA wttioal 

point. It was th•ret.ore. con~lu.d..i that the lnte1'1a$1 4'l.f'f'u.aion did not 

control durtng the tint aoM bu;t did attel' th• ••cond ol"itll.0;al point. 

Shel'WOod te11*1 •orna Whiti.ng,1 01id •hotted th t t.11 tbct fir.at 10. the 

drying procesa wu WJ.d'l•o~ l>J tn. th1cktte$& of the aqplth mis 

turther supported th& conten:t1an of th• pG&aibtUty ot two d1•t1nct 

•oue occurring during the t'&lU.ng r at& perl.od. 

•• Ove'tall Coeffto&e,nt 
1
ot tat ~~fer It iG imtruotive to 

ldUure the temperature ot 'tht m14p3.ene ot th• ala.b Q t.he 4t'Yln& l"\Ui 

grogSl'ea••• ia th& £•111.JJ.g t*&W ponod. (l.96 20)., iit th9 o"VOrall, 

oo•ffic1ent ot h• t transt•I' U dect"ee.aea «:1onaider-o.bly 4urU>.g t h• 

t'&llt.11g rate p~no4 u oomp-l"ed to, thf aon.tae:h f'&iia "rt_,,. it 1• 

olear thflt the thenu.1 J'eliatcce of th• intel"1or 1• 1nonaeing awbg 

to the J!etreat of the ple.mt &f nporiaa:tloJh 'DuriA& th9 •<>• of 

UX1.0atura.ted •urta09 d17ing, the owra.11 coeffioi•nt of hent truuster 

11 aubetantially tbe •ame aa that during ilho con1tant 1"8.te period, 

th~ that $Vaporatlon ii •c<mf'~tng HsentlaUy at th• aurtac• •£ 

the alatl. In th• ••o®d &o•• when the rate ol d1tt\1•1on is the 

oontrolling tae'bOI", ainoe the ...-e.po,...a:tlon o'f •tti" 1t mvre f'apld thu 

the arrtve.l. of 1a0:Letur. at tha aurfe.oe, thB plane of e'ftporation tetida 
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to retna.t int-o the 10Ua du• to depl.•tion .o,t •t•:r fl'Qa the eurtaoe-. 
' ' 

thi• p~oQ«:bly otlly tU:ee plac• 111. pQl".ou or ft.bite>ua •ol.~d• an4 not tu 

ooJ.loida1 mat•rial•• Whb evap<)ration tall•• p1a•• 'fttblB 'ti:be ao:u.d, 
the va~t. tol'Ud -.t ditfu•• no"b only throu«h the tul"t:aQ a~r tllm 

but al•o through th• ~•latlvel7 411' •utt•~•· layes- t>t th• to11ci. Ti. 

e.,owal evaporation ttu•• plaee ·at. .1uoh a 4i•tQo• trom th• •urtao• tha:b 

tu rate of dU~:f\ia~on of the -.apor thrwgh tho aolld and th• a:tr ft1a 

reaistNicff Will •quo.l. the :rate of lnterna.1 1$.'1114 41ftua101i. It oan 

re&Uly be ••en the .tor• Why a dJl'op b11. l1 oooura duti.ng the secom son• 

ti>t t.b• falling ra.te P'Jl'lodt ~. f>:~G\'11• of wpor11a,tion waa tho19Jt to be 

diatrlbut-4 thr·u h e. ttela.t:i••ly dry pulp in _,.rimentl oarritd oUib 

by SMtWood ( 20) 04 eho1rt4 ui . .....,pore:td.ug tou Qt ap~ent1y l•rge 

thicQeaa., 

O$plll~n t,y pl$JI ll eon~d.deJ'a.bl• JU't (BJ.), 'Wh.U,• in. the d.qing ot •on• 

hygro1oop.le •o1id• eont~~ g:taiU ~t non-uni.tor. IU•, ~· uv..ntb 

of moutue 1• •on.tHll-4 by oe.ptll.adty and D.J>t. 'bv moi•tue gr•-4l••t•• 

tn th• drying ot a g•~l•r •ol1'.; ._h• o-.p111a:rto• are 1th•r cb•eular 

nor straight. 'Du~ th• wawr la ~rtUl\n tn.rov.gh . ~· passage• in a aimer 

aWlar to the movemtnt th.l'"OU,gh a'~~ capill&qt WQ.tor M'l'pGl"ate.• 

ttom. th• emll mtn1ee1 •xto•ed at the •uJ"f$.c_. • 1'he •mall eurvatu"e of 

the•• Mnisol U•tt •llfttci~t oa.plll.ary pull, to dt• -~•r th.trough any 

pusagtt enclillg ill air water iatert•o•• :ot luger outtAturth 'lhe eter 

dtav.11 to th& •urtM• I.• ne-oe1sarlly replaoe4 by ui- whtoh eat•rt t:he 

•oltd through thf larg•t" patat.g61 oomi.e:oW with the h:rg•ri openings a't 
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k.uatlt ttw tul'fl •,, '" l• '"*lbl• 101/ th-e =-••••U':V *1r 

r•lat ·w!r tn •~t o opeQ!itp d 'thUI· tt:# ttat wat•r 

oMleM· ttatlon \ •urtaoe r~ latinl ht. - !h9 -.ta~ 

•ntl to l"lff to tilt 1urtiu#• two .h ~ .,pt• ot lat•l', iO~ 

l1 a l of ten. •&rioue ...., a: · · • 1 ,. s he 

olut!IOI l".t.V6 tao •uie rdtt ot ~ • • tll.1t 1 mo:ttf.• l Q.-t t'* 

w~.tan tr' tfhloh enpor .ti l:• ti1ld :iaetit.· "" tM.• *'*• " aa1l. 

Wit t •'1.t'ta.c• 1 _,. nau1~ bl. • t1i 

of t'ho• curfe:o• M f4 ~- paatqc al tull•r era••· :PatJ.~n. lta4 

t 1 1'-* Cfq1111U7 t# eufl1 ddltiO 1 Wll.1:::.lt· 

to t.hO • 'l'ttt ., Xt PM-1b1• to~ thl• hU• · ••1• o b . 
• ot t: • rtdDl.aoS. a'b n. 1od.r. ·tmilt o gb · rr@ couWtotlom 
Ui lal' 't · H4t.u)• 1oa #equ1Hd to oau•• 

~ o be turf . ._, fbt ..... ,1 i• tnt Pf••1•• o.t the 1urf«<st1 

t Jl'i•• te lr t poalid.on. aGd tlw o•u oa~ ..... , 

thit tr •• ooaU..•, th•~· tat lut lowl' .-. ot t . ••''"' 

•tlr'f •• wattr ·11 no 1 

tho auttac•• ~atl•a 1d.11 , oat!._. t~h itbll ,._.,,•If• ~alQ! 
and the wate •All be d•pl.•"4 1Jl ·tmee• ••llS- e•uti.ng 

' ~-t , Jn1rhc• ~•cl tut. . • •1>11 • 'f b or d.~ 1'111 

onuqmntly ttN'f.411 b•rA\i•• ot ~ •c'"f.ty o.t ttt• 4ltt..wt.oo et 
th4J I" toJ.Wtl 'thr to •rt•et i"'a. :nG'V'& 

• , iu. All 1 11ci 4•t•,• the u.s ••~ 'bf a c~{<il111•rr :f'M11ltt 



a,·~ a ~ mi.tut• gi\\4~ 
... UMaa• t . it on 1• gan e. ooapllo ;'W 

a ta the ~ull.1 .... ~ .. , 

~.f d 

"teuaali"n~~ 1 ...-! rap 

It is best to 

t'f.t.to ot dtt t•· ~ 

· as t4' tb.9 tel'\•1 

~11 · f r l1l ,_ 

I bit~~ to 

• eiada ~~A 'Wldeh 

1f1 11.t. Tbs.a 1• 4e 

eptO.i• 

0 t 

, c "• in aey · ,.. ch• tba Mi.llLMr 



b. 1'. JS• &h.erwood Shent<AJd ha• p:l".oposed equati.on tor t" 
2 

.talling r.ate period (19) • ln ol'dar to get 11 •implor equation propmleu 

ao the.t 5;"1; ldght be used tor a.pp:ro.dma:tlma.• he a•ewned the ~ate ot 

deying to b• a Un.ear fUJa.ct1oni of the to:te.1 ml)i•inu·e ®nt•n~ p$1' unit 

weight of d.ry ettlii:l iflth a. r•te ot ~et'o at 1! equal-a '• ~ a r·ate ot 

S0 at T •quala r0 • rh• follcnr!.llg 1• th• ~ua:b!ont 

1n lil' : ..-s./(~0 ,. T•).AD'.R 

11'her•• 

t 111 the w ter Qont•nt, weight o't waterfi;e1ght clry ao1S4 

Ff0 b the critical wa,ez- oo~•i'l'b 

Te 1e tho equilibri'liJllwater ooatent 

' is the tree water content/rree wa'bOr c-on.t•nt a~ th• eritloal poia~ 

and ts given bJ T-!•,/'f0~te 

.t 1• the time niter th• taU.ing rat• .P•dod b•glns 

a b on•he.l.:t th'O .a lab t).lt.obt.OU 

D 11 the enaity 

s ii th9 ra'M of drying, lo•• or weightju1 time 

S0 b the rate of drying nt the ori'kieo.1 point Ntd eqtUl.l• t~ rate 

durlng the conatmit ra:b• pe,riod. 

SheFWCod ha.a al.ao del"i••d e:qu.a"biont fo.r· the ta~ ~ i!ih• te:lllng 

rate pel'"i od in 11hich the r aiatance to 1!1t•n1Al ditfua ion 1• ·the 

oo:ntroll1!Lg factor ae compared: to the au'rf oe naporation rea1etance. ( 18) 



11. 

He aaa~a a negligible aurtace en.pors:tion re•t.•tuoe which cor~pond• 

to • neg11g1ble tr•• wat&r oonc•ntration. at th• aurtaae, et.no• no 

moisture gradient is required to oauae the nter to diffuse through the 

1urtaoe ai.- film.. Tli• slope ot the 110i1ture gre.d.1ent 11u ia then 

proportional to tb• ~ ~t dU'tuaion ot ter •t u.y point within the 

tolid• and t llt otf troa th• •ur.faoe to tlie C49Ater lhle When drying 

at two tacea liJld approach•• ••:ro at the center lf.a.e. Th• following 1• 

the ~uation• 

A. B. ftlUJl,h" derived. aiml.lar equation.a for. solid• ot vtU'ioua ahaP91 .(lS) 

htnen th• lialt• of E equai. 0.9 and o .. s Lfti••• appr.oxlmat equatiom 

the ooimta.noe c>t Jt, th• 41tfue1on comtant1 a unif'ona liqutd oonoentratS.on 

throughout the •olid. at th• 1tat'tt dittuaion taldng place wholly nonaal 

to the plenet napor~.tion taking plaoe at the •urta.ce and ;a., th• . 

l'9a1atan~• t9 aurt~ce eTapor ·.tion being negl1g1bl•J and. the 'Y8l.1dity of 

the dittuaion equation• 

dv-/d~ • ua.;u2 
Where• 

• ii the btur oonoenti-e.tion ~r unit Toluu 

s 1a th.e <lbta.nce ot the pol:fl<t tram. the eurta.ce ot the sneet 

I ie the ditt'uaion oonatant 



'the r •tattUlC4J to int.-nel 41ttus1on «)o-:ntrolt the proc.ff• t• st.van 

al;u>"d• lt is e.wl1ce.bl•.t howev.r. 9nl.7 to mate-riv.1• lfhetie the 1Jiit;1e.1 

moi•tur-e dist~ibut1on throagh<Jut tho •olid l• uniform •t tho starb ot 
period. •here the ~••hta.ud to internal. dlftualon cont,-ol•:t Frequently 

at in the 4eytug of wood d olay, 1the pepicld of 1nteni•l ~•i•tano• 

oontro111~g fo11owt t~ coi»1tan~ ~ate 19rto4. $l1d thJ $0l•tur• 

di•nlbuti.n a'b t h•, em of th• conatant ~ate perl.o& 1• mor•· early 

pa olle than 'Ql:d.fQ.-.. 1'he aboft equation doe& uot hold tor this 

eue. It would •PP*U the.it .n tquation •itailar to the cme abcne• t 

bated on th• · uawnptio'll o.t an 1nitla1 ~a.boli~ DtOi'ttur• 41atr1~1on 

11ould. be uaetU:l. S-honroo4 4•volope4 the fol.lO"Wing ~ua~lon tol" this 

~rpote1 ...... 
j -1» .. 3, •26p 

1,• • fl'f• i • '+ !. .• '""' ! •· + 
~-l'tm}l-: . 9 25 

·t ··:~:" 't.. . 

. ..... 
' ·············1: ..... . 

, '' '' ' 

K 11 th~ dU'i\la1on co.Dltd of •t•r through th• •olid fi'bh coaoe:nti-a.tto~ 

MS ••1GJ1t per unit vol~. 

p i• equal to ""9' /el 



T 1* th• tr" m.o1•tur• oonoentratiou per md.. ~ ••ight ot dry: 1011.d 

at the 011nter or the •lab whtle •t the or-ltie•l point 

~. l• the •ou u th t a.hove eseept tha't it, i:S at the aurfe.c of -th• 

•l•'b 

9' S.tf th$ ti.me f'U't•r tht' crlt1o&1 point. 

deri• equatiou for thll dl7(ieg ff: aollda of "Vflriou. eh.ape.a Wh•r• 
internal dli'!'Ueion contt-Qla the d~ p:t'Oo••• thro-ughoat and the 

moisture distr1butioA it Wlitona ln the aoli.d a:t' th• sta.n ot the 

4tytng ~~lod• {11)• ae hU lately 4e:rtve« eq,uatio• baaed on the 

roail~anoe -to inteq.al llq\1.14 4iftue.ion end· to., •\Wt oe .,....porat.lon; 
1 

ld.th the rat• of drying being i~tluttnoe4 l.>y a oonttnuou•l;y cieoreating 

llq'1id ,conc11Snt-ntiol\ at the •w-ta.~. A't a.q tnstmd; the rate of' deying 

I.I 41r•otly p~oportioaa! to the f..-• llq:v.id o<>Doen~~att•n at tb.9 

. •urtaoe at the thio, the l•w• bf d.iff'uticni btlng 'Rlld.1 e.n4 the di.ttuaio.11 

9'\\ations must be oontletant "lf1th ~• ~ •'l:U'fae• o.ono.entrattom.. (14'). 

T. x:. Sh•rwoocl u4 ! . • Qomlnga {at) b,vest1t;~t.S u..e.n•t •qua,ion.9 

both to-r il:li tia.l \lllltora concentration of Uqu.i<l ln the e'<li11<l and for 

:tnitb.l pt.l.lfabolio aollt\11• d1•tr1bu:t1on• The;r c~nelu4'4 that 4llnl1Q• 1 

theol')' Qf chengtn impoM:ia.nce ,of th• 1'$lllstance to lnt•mal liq\lit\ 

d.itf\.\Sion and the ,_.1ate.no to surhle• eva~t1on taU.ed. to espla.ln 

•xperim.ent.l1y determinecl: re:t• ot d.l!ying CUJ'iffh 



by eftpol" :tion at t he. l!lurfaee during thtc falling rate period. It 1• 

bQ,•e4 -upon th: 1,Uffu:s:lon law& a the a1ewn.ptlon thut th& .t'e.lH.n~· ra.te 

~riod ia pt"$Oed94 bJ' e. constant l!'nte penod su~h the:t the· ~isture­

di•tribution curve will have approached a parabolic form. Whe equation 

derived is the following on•• 

1n T1· B/t•E ·• t/L(*'1+r 8 } •!e. 
irbertn 

r1 11 t/SD 

ra : 0'•o•E)p/a t: (!a:cd)p/lt' (lfae• R) 

E-ither or 'both of the reebtmieee mAf be important during tho dr ying 

prooe.sl. The tame above a-:re d•.fiue4 •B follcws t 

1', Tl,'l1Gc is th.e total moisture oont:entr. weight pei- unit n-1ght of 

'boue dty &olidt t col"r~ondil'lg to time •• ! 1 to any ttme ln 

th• t a.lling r .. te period. f 80 to th-e crit1 al ;.nt 'Yalu• at 

the •urtace. 

J ia thtt equ1Ubriua •t•r conten:ti, weight per unit weight of bQne dry 

material oorr.,spoming to the tampen.ture ~ humt.aity of the air. 

• ts the ti. 
t iB one-halt' the thiokmMs 

rt end r• are the tesietane.a to internal diftueio~ and to 1Ur£ace 

evaporation. re•peetively. 

I :la t he drying coei'f'ie1ent in 'Untts ot r•c:i.p:roeal t ,1Jne 

D 111 the dittusivity o·t the liquid 

p is t he woigl'.lt ot bone dry a-took per un! t original vol.:ume 

a ts the weight evaporated pet- unit timb pe:r unit of 1feti aurfa,co in 

the constant rat• period. 
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B, a.0 1t th• o.1'8olute humdi tyi. w•ight Por unit weigb't ot bo!le diiy 

air, R tlOl'nttJOllllJlg ti> the •in bbdy ot au, ~O: O:&JTllH•pon~U.o.g 
to •atva'bion ccnditione at tho emffla.o• temperainlr• dui-!i:tg the 

ooutant rate peiirio4. 

k' 1• th• evapo:raticm co•fficlent, bued ,on hwulcHtf d1tf•rono•, 

wi(;ht p$F unit 'time, per unit wetted .aurraee. 
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III IXPERD&Eli '.AL 

!)!P!!• ot Investigation. Thia i:r:we•tigation c011.0err&1 tho drying 

am1 •arp1ng propertiea ot Sohe1"9r lneulatlon .na 1ta purpoae ia to 
' ti•teJ'Dd.Q th• proper drying coDditiona •o that the produo-t would neittwr 

!!1slpg. The following method.I ot .S.xing w•r• propoaect a 

1. Lim, gypsum: plu al'aidma 8444'4 to d•COI•· 

2. Vl•oot• added to UM, "gypsum. plua t.l\Jlftf.mm. 

le Gypaura plua U.• a44*1. to 'fiaeOI• am thU. inoorporate alumimmle 

le Outing. 

2. Rolling. 

a. htruaioa. 

D!i4!1• It waa pl'opoatd to dry ti. Aboft apecimeu at clit'tel"ent 

temperature•# hUaiditiea and. ail" velociti••• 

llateri&la. 

n Bamahire wu uaed for t he manufacture of rleooae. Its properties 

aa detennined by ch-.S.cal analyaia wen• 

moiatur• ·-----··-4.8 per oent 



. •1 

'Bi#lniiieal 'rd• •1#411* tJrd.,._14•• s; 

ttr., • r 
Pfll' o t. oauttlo 

.ral ~bal . 1 '•• ••• 114 
lu~n ntqld.l'-4 tw ti. .,,,..Ull'""' 

el 1 o • ._. Md tor · an ti J"Oc•• in · • 

pnputA.~l of; ri.t. a•• •o'1\ittoa. 

~-- P'/l'M4W Ol'tt1 •• IW ?•rk., • f,. we \lead 

nr l'Qll\tls:t -. 

' ~ .f.i~ a ....... 1.0. .• ..... • fihf!l lubl'-lo•t.b:g 

• in whlch 1'*'11• tt -. # . • 

lj.z5r~~a ...... ~. t11 eo.-. ... ·Job 11t21 

-.a otod tot ~oi.ng ~- d!pPfld gulp -to th• 4•!.red :wl~t., 



Chemloal ing1Mer1ng Cotporation. of Bridgeport, Oo.mh lt ia 12 lnehel 

bl d1Gbter and 12 inehea high. 1'11 1• thown in Figun l• 

Pfleiderer 
Hi.U.F. A •rner.m.-... misoJ'• 10 by ll-.S by S;..6 inohee wsa 

ua-1 te>r the <lieint•gntton of the pulp tn 'th• p:tepa.-ation ot tu, Tiaoo•• 

and, el.to for 'the tid.:d;.tlg o'l tbe pawd•n ath i;he Tia.ooee for th• 

pnpafttion ot So'herer Xnaulatioa. FigUJ"e 8 ah-owe tbe mixer ff'J1r 

pulp. 

production of the vi1oose aolation .. a. Sear•-Roebuck motor was u•ed• It 

wae a type sta 61614. o.as HP •• 1725 rpl'l1, Uo vo).te, 4.9 ampere•. 

60 cycle .. 1 pha•• OWr'• 

Form1!£ i!RJ?a~tuh fhe product WU cut in galvanized cshett 

tn.l eonta$.ll0t'.8 15 by 1'5 'by a 1heh.e• riveted. at t he fou~ eo·m.ens. 

A aheet metal plate 14 by' l.4 mchea we.a used for -.pplioation on the 

top eurte.oe of the pee~ aft&>:" its formation. The • .J*oimena were 

levelecl otf 1>7 -. atr-lp of aheet metal n.ailed: to • wooden guide which 

waa run along the edges of the heet tal con'b&lneF• the•• are •hown. 

Dri•r• A tray drier ~£aetured b7 th.a· Proctor & Schwart& 80., 

Ino. of Ph1l ad•lphia.• Pa. t&rt • .- u, B. 812! 1ftus ua:ecl tor' drying the 

ape¢~• It ie illustrated in Fig»~e 4• 

~ulp• ~r Ru.2ture .ra$?! Figure 6 shows the teattng appare,t\:la ~•-4• 

A lever arm. with w•1ghta at vuioua poin~a provide• the required. fore• 
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THATOR 

WERNER-PFLEIDERER MIXER 

FlGU-RE 1 





, 

FlGUU 6 •. 



to ruptur• the lpe1'u.ns• 

CN.ah.AAe Streeg!h Tts~• Theaewer& pertora.ed. tn e. •tanrlllt'd 

TWut•Olton MehiM set. tor- a 1000 pound• maxtmwa. load. 

th•rmal OODduotivitY ?.'~t 11 'f••t• of th&rmal ocm4uot1vity were 

ma.de 'bJ • c. B. Ru•bJt on equipment deelped b7 and ~onatructecl by 

~. G. • Johalton cot th• lfeohru:doal :&l.gbeering D#partm.•nt ot the 

Vir inla Polytechnic lnatitute and ii deaoribed in a. d•partmental 

Pf!!11ration at 91.eeo••, The Yiseose eol\Jtlon WQ prttpare4 bi the 

tollowing :manner 1 

2. Pres• to 3.35 time• the alpha -cellulose content. 
Pfleiderer 

s. Griwl in Wems~ mixer until th• Bulk ?I~>- i.• 190 to 200. 

6. Xe.nth te "'1th c•rbon biaulphld• ueing e r'bea b1•ulphid• in Aft a.mount 

equal to 87 per oent ~f th6 alpha-eel.lulo•e coatne'b ot tbe crumba. 

e. Dio.aolw the xanthe:ted cl"Wllba preparin a 7 per c.nt cell11lose 8.1>.d 

• a.a pe:r c.u..t alkalS. ,eolution 0£' tl&o~•·· 

T. Ripen tor 14 hou~ at 1soa. 
a. Bx iwith powder• the oompoaition of the mis being ill pai"ta by ft1gb"t1 
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9. The actual p.roeedul'e 1n handling the a~c~ 'Ifill be 4iacus•ed 

1nOre tu11y ln the next ae~tlon. 

10. Drying 1n the P.roctoMQWa.rt& tt-ay drier at. desired eondi.tiou ·Of 

temperature, humidity and a.it- veloetty ... The hit;h air velo-oi"tJ' it 41• 

t•:t per minute,. and. the l<:>w air ft1oe1ty la 2'13 te•t J?9'il:' ~te. 

A.11 ·~obi.ens aro. p•epa.r.ctd on th• 'bula ot, in parie by "igh't, 

100 vi•oo••• ao itme,, 14 w•um and o.a al\tmimaa. . . 
~nlWnan: be!f~t• .,. Bua!l,. All th• apeotaoll were mixM 

by haii4 in a bill jar. 

•: Sp•¢.~p. . lA•· A 4q mis et e;l~, UM.• OPSWI WU added to 

v1aoose and placed into a pq 'Which it tilled. It WNJ dried o.t 10600. 

overnight ta m nu. ln the Utomir:i.g 1t wa• •••n to have ri••n Above th• 

pan•• top lew11ri.th • d0ill9d top lift bread. '!'he top aurtae• •• aooth 

but had 1utveral wid• oracb e.ml a shrinkage 01' abOut 14 ptJr cent 

.along t ie 1~ and width had acc'IU'1'1Ki, Th• oolol't of the ' eidea e.Wl th• 

top we-re g~n •llile the bottom was white, the sid .. ~ru!l bottom he.W.n 

t:ta.t eurta~. The epectmen bad « aulp; .. td• odor Md. •U war,M eo tha.t 

'bho .entire •pecimen *8e conca?e on the bottom •. The color difJtributtoA 

was no~ un1f'o on a erot• secttonal ar••• most ot the color being 

0.0ncentre.ted a..t. the top ot th.Q apecS..•• 1.a;rg• pores Y.$1"4 at the 

bottom ot the ttpecbr.ens while em.all ones wre at the top surface. TM 

; .P~i»ns broke easily wi'bh 01°Umbl1ng and 11hne4 lots of stl"aina e.• 
•T14eno-' b7 le.21'ge 4Mtck• in the u'tet>lo:r &.tt'Uctu:r•. 



'1ri• to . ~ ditp.ereton or the ~.,..., '1\• alumlmut 11q 

nco pomted. rent •t*t\lSGn 'W'4 1 1nto a Pffll 1'lt.h bi • . •d.4'4 GM 

. n t 1064'1+ o•nlti:ht. tu tao ~ t1'u1 top of t\1$ 

a1S. illy 

l 

oolorl esa. 

ln· lea d <mt. · 

Upo proloi.. 

u t'o .· h'O oe't"bon!& t.toa td t'he ee:11u1o••• C~tlClled he:a'tl$:1;; tu~* \.t 

w fl wh1 te eolr.tr and· $Jroituo ¥t veey· f0l"O<t$ ·tU1rtlet~r• ot li. 

• 

wi 

-Pfleiderer 
~t~d r 

t 



of 

the 

•• 
•• W1 IO tl 

ra •-'• U. ~ fr t i• o• 
Pfleiderer 

ill•*"•-. ••• lhe poMi•n 

•• 
-12 ... 

a.t t lo 

t UWR 

0 kl • 1 te:rtot' f)t 

t.t • 

1-.u, 

•• • t .i ,. oa'.l"dba rd • 
• 

I 01- •'W"f c 

10 



r eyi . ~· ~· lt ... l'flllO'Wi4 to 

f; J' UlOthet' tlpe~ .~ td~ drl-' canroi • ~ 

'.\ · oa: ~ 'WU a-.n\ed to th• top of th• ap•o"""' an4 ga'fe 

a. tlat: toe• Uud:e:r ~ ..,...,.~. tho •PG•lmta wa ••lU. 4-., ab! 

8 ft. roe1t7 •• not .trona. \lUt wu not ttttrent a'b Ai:t't•ii ~ 

11 

ot lotaly tilll it. 'lbe •P"IM t'ol"A8d w ·• 

184 ~ ~ tl 11og the~ to •good ape~~ 

1 Ult «ir dd-4 tor o. 16 hGtu-1 end .... 4l"J.ed .ov•ft'l gf;.t 

• apoet:ami "'" Oftr loo pr oat~· a gl'et.trd•h k 1f1th 

tor tho • al auttt: • 

e in. s. -~ 
at ,th. •U£b.ti •• ptioA ot 1 -m•• part1c1 ... •,... 

• · rent 

tbe~r • 
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• 'lb • 1 •• 

• in ef £ t .. 11 ' 

•i gQt.*>a. S,oriM 1 ••• a~eA :t bl ·· .tt- Vlll!loO"ttr. • ..S•t1 tMo a'b 

low•~ 11.-:Lo 1it:fa betng .,, --4 t vz fo~ llfr •~ :nepeiriit,..lr• the 

·tt. o~ •• rie4 ~ 11 •k •~rf!$1e,e•• ...,,., prfflwal W•1 nu 
huWJ.dity 

been drle4 t 01\lr ••·• lf 01 .end 60 .. ,. ~~ • th• t•pltlratun 

b lt 0 1111.o •• 

• i .... 1":111ul!I'• ... ' rmte. 

~ ................. ~ · .mtauua 

)!& !!!f!D .. ··I i"ol' •2'1•• 2 

a.IJ4ilt.~ t:lsQ.u ... f li..1 



\'t:i4t$• &PfO UP had; t tt I~ 4oteo• ..... ~•l"kt l «ml a · Al'b!OD 

~ HUfff'8lt.ni ot *-~--ti W't• on~l;, IQOf'• $'"40¥1 · lb '1\<i 'bo~ 

of' ·~ ._r M4 itt t~ ~ra.bl'a WH .-. l.D~G'N<'t*l lato the l'lltt~ 

........... ~- l:n ~ ~r •idJ.•~ - ..-tet l wt.l •• a :.tot.11 air 

ff1•lii) .. 

!!9111 et - ~tqu6~i •. e.tu -·· • · .. ':· il!f! 1., '$'l" tu•• •»ed -
a i!l"tJ tx. °"f' 11-t ·~ At4 -.1).-~ "°"* dtlot -dwall:f tka 

-ri•eoa•• !be m.u.t.t ot .i~. U¢" ._ hd;Yld. .... dmihld to •e• t..~ 
•ftoot on h• re.w ol tt'fo~tltlll ot IM-• 

!• ~Wt~ .. ~•one-quarter • ~l ~t ~ .~._ w.u Ulod md 

-.. .... ., t~a WN $& foll&\tfl 

fh~;, •f'& f-~fl bi th ~ l& hf lB '1' O.f l~~ NI -ftJ.J1) Uld di" 

4.rim.\ fo'I 18 hou ••· attmr whci.eh tb&J' ~ ~ ,,_ ~ ~ Nl4 

d_.i-4 ln thl' ~~,..,s~~•• •~ 4"'4•r af) lftt'f eat .ea~ ... t hwnidity. 

' Affifl" ro ~ a. thb ... ot nuw reat• to ~~ t@ ol tt. •»oobftl 
~ ": ~ f~d i• a YOtf aJl(i!rt wld.MJ .. ~ IU~h~ b t~'C'l-. 

tiOftl ~·~ ~ ~ 1{$ ~.!.i" W:lrOGl" ;f!Jl4 •rtt ~l titilf -~ tl~P thM• 

bmin of 4raf.•:• sw~~ ~l •• ·~ 1• ,~ t. !ft•• ... c ... 

•boatdi ao JQt',.f,>01 tlJ •h••·~~'t'• 





b. Sode& a. Th•ee tpe.c!aeu are ton'Aed ytth tour time!J the 

normal Qount of alWliinum• M'ter wo minutes of mixing ttm. the as 1f8.I 

eompletely blown up .ma porout u4 became nbber like a.f'to:r ti•e 

minut•& ot m.b1ng time. The temperatu1'• due to e..-olution of h•at wae 

ia20F. The tempere.turo ri•• j•lled 'the vlacoae aolut1ou. I'b was ot 

,lim• of Ml.sin& ~ lnoorporate Alwif~ •, Rlm fJ• for tbi• run 

the powdor !l1ix ot lime IUid gypsum wae .a.dded to 'the viacoae and after 

tot!. minutes ot mixing tbte, the aluminum we.a addi4.· it -wrus -a.ttempted. 

to wet the ~lwainawith w-.ter to f':a.cilitate incol"poration into the 

miX but this proved to difficult a.nd the elw:ninum. wu dd-ed dry. Th• 

apeoirn&na "Hrl:t agttin formed 16 by 15 by o.6 inehee. 

a. 'B•desl. Yixing tim.ee after ~e addition of the lum.inum we?'$ 

fl& follows« 

6A-l ----- 3 minutes 

6&-l --·••·•-"' 5 mautee. 
' 6C.l _,.. _____ 7 minute$ 

All thee •peoblena were ~tr ·drie4. A eldn f'onned. on the top aur.tace 

ot the spee.U.~ after forming a.ml after 61 'ho~l'e ot aii- drying, the 

apec:l.men& were warped into alll\oat a pi,pe ab.ape. 

b. St1ri•Jt 2. the tbt.e• of Id.dug were e.s tQll-. t 

6 2 ------ $ mtw-tea 

The apecim.eaa were then treated with live eteem tor 18 hours and: thea 

19.ir dried. No warping had oocw-"'4 duri1!lg the •"teaming pedo4.- The 



. ~- -,~ 1.,. tilaa mid ~'MK •11 M • tbe 
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in ono spo-'b on the aide• They w re still green t\t the end of' the drying 

run. In dryi ;; they. first warped toward. th• top and 1 ter straightened 

out and warped t01te.rd the bottom. Th• ski n effect wu age.in noWd • 

Specimen t0-2 is ahown in :Fizure· s. 

lntroduot;i.o~ of To~ Plnte _ - . R,l1n S:t For thi~ run a mix of lime 

and gypswnw e.dde4 to the viscose tor e. total .fiv• minutes of llliidng 

tim (powde:ro to viscose) and then the alumt:.cum was incorporated. 

l ediu.tely atter fqrming e. Gmooth plate of galvanized •heet ta.l 

with greue on it ite.e ;pla.oed on top or th• apecintei>-• ~·• plate.1 were 

14 by 14 iil.che•• 
~ 

a ,. Se:riea l . 'l'h.e mi:id.nt; ti:mee, wen as tollows: 

They were air dried for 18 haun after Qpplying tho top plate and then 

dried a.t low air ••loe1ty tn the tJ"&y dl"ier at lT50f. «nd. 50 p•r cent 

humidity, The specimens had a good porGUS top aurf'•ce exqept that tr.e:pped 

air caused po ket formation to occur. '.l'he speoimena w rped in two 

d.ireetl.otJa• 

of the luminu:m. 

6!.2 · · - · · - - - .... l minutea 

Ji.ttei> applying the top pl te, the opeciinen.s we.re air dried for 2 hours , 

ateamed 4 h¢ul°il, 1r dried 12 hours and then dried in the tray (trier at 

low air veloo:Lty and l'75°F. and 50 per C(Jnt humidity ... It was still soft 



FIGURE 8., 
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atter 1ong drying b t it retained ita shape iii th$ drier, however, and 

had .a good etruot.ure. 

~tea!l-!1$ !ith 011' . i.t:hc:;nJ;t .A t.QJa ~ljl't• • ~· 9.1 fhe 3tUO.e mliing cQDd.:ltiOU 

were wsed. Lime• ~- int~ wa11 addtd to deco•• f:c:n ~ ..... ltd.nute• or mldng 

time IU1d then the s.lwnina 'WU 1ncotporatitd • • 

The to~) plate ""' applied bmted!ately art r tonUD.g th• •pe·olmeu • then 

ti.J" dried 18 boura, steam.ed ' houri, l"e$>v&d f!"OJB th.i pan.a arid dried trc 

4 surtacea at l1&°F,. and 60 per cent humld1tf 1n the tray drier11 th.ese , 

•P6ei~t1.1 warpecl in two direoti-onl ag in proving the •kin t'ormatt.on theory. 

No skin appeare4 1n these speoi.mei>4 •~cept thole du.• to air pocket 

torm...11ttlon on the top lurf'aoe. the B apeO"izrleti 1a demit~ and a po:rt1on of 
'-;" ''(I,· 

its riee •as cut oft 4uring th(l i'ondng and. some eveu equeesed out 

during th& miic!ng operatio.11 •. 

b. Series #. The tlmea of mid,ng after the dition of t1- Aluminum 

were as follows•· 

&B-2 ----- 6 mnutee 
Th top l te w s not a.pplied here • .A.tt6r fo:n.tloii the apea.i?Aei'J.8 •er 

&it' dried 16 houra., 1Jteameil 4 hours, and then dried from 6 surfaces at 

1?5°F. and 50 per oent humidity in the tray drier.- :A akin. fomea during 

the ail"' dryi period and the apeciiaens wa.,.i dur~ t11e at :eming 

rf.od and th•n craQlced during the drying P\'r1o4. 



St•s.mlng '\f'8 Air Set ... Buu lOe 11. the aame •thod of mi:dug •• ln 

Rtm 9 wu use.4. The plate on the top 111rra~ waa. how•ver, pl ced on 

one hour after fonu;tion ot the apecimellll. 

i'be time ot .i.st.Jl& after th~ addition. ot 

the alumillW!l wa$ J 

10,A.1. -~-....... a minute• 

lQB.l. ·--·--- 6: minute• 

After one hour the top pl&te wa• put; on, the ·1pe(tJlmeu 11rere thea a!lr 

4de4 overxi1gb.t and then 4ried ill the t~q dri•r ~'ti 1't5°F • and 60 per 

cent humidity .om high air V'elo.,itf• !'he top waa no\ 1atllte.ctofl.ly 

poroua, • •Jd.n fonnatton haviug ooeurl"ed• !here ...,, however, a 

negligible 81110unt .Qf tn.p . gaa poek~tl• The drl-4 edge• on the speoilteDI 

were cut ott beton:t drytng and the ap~ci:m&mJ wcu•e almos't e:n.til"el y flat,. 

In the tirs t t• hours ot deylng they irarped to 'tM top of the .$,P$Ct.lnn1. 

then late<~ straightellod out ~ rt lly warped toward.t the bottom ot 

the specimen.- 'lhft:r cFlM:ked a~ one pout o the edgo. <l\U'iJ1i t he <leyill.g 

oper tion.. 

b·' Rs 10, .S•ri•• ,2. 'l'h• !lllai)l,lg t~ her. were .u f«>llOd• 

lOA"'l'2 ...... _ ...... S minu'bea 

ioa-2 ·-·--·-·• s mlnuws 

'l'he to.p plate w put on .o~ hour after the formation or the apec:lmeu • 

ail" dried a. t»ta.l of 2 hcmra art r forming• atea:m.e4 S hoors 1 air drie4 

1$ hour& 1 rmnovee fl-Oll the p~ and dri.ed fl*Om 6 8UJ"'fQ.~ e.t b.1~ •tl" 

ve ocity and 175oF. and. 50 ,por cent humidi-t;7. these b the •tlm9 top 

•~'.rface rus Ser111s 1. fh•;y ftr,ped towl\rde tu bo'ttoli., b.011•"1'•~. 4ul"ing ~ 

•tea.ming operation. In th dr1&r the. eh.ape 414 not el er. 



ll, ser1ea ~* the mixing t1 a after the 1t1on or the 

fhe top plate wu put on 1 hour aftt>r toming, i"b waa th•n e.lr dried a 

total of 16 hours after i to· £orm.e.tlont ate~ 3 hout•. and t hen drl.cl 

at .low: air velocity 8.nd ·11e01. 50 pe7 oent hwddity trom 6 •ul"faoea. 

On forming the skill w produced and in the atemaitig ope-ration. the 

apoeilll.eas •ere bl09ll1 up. It held its ahe.pe 4ur1ag th drying operation,. 

how.ever. i'he apeotaen wu poor. The eclges of tr~ speoimeu appeared 

orute ht:U1'd.ene4 prior to th.$ actoa.l drfing prooeat. 

4. RUn 11, s ri•• e. The t~e o:t .nilci.nr; after th~ addit!.011 ot 
\' 

ll 2 ---·-· 3 minutes 

1'he speetmens w .... formed without • top pl.ate, air dried for 18 houre, 

ate d 3' hours. then dried at low air ireloe1~7 and 1760F • .nd 50 p&r 

oent hwnidity. •kin forJDation ooaurrocl during the a.1r 4:eying period and 

f'tshtit apeclmena warped considerably and ere unauit ble. Ag ,in the B 

apecimen ah.owed 1 lower poroai ty thm t A .apeciu•. The edg~s ot the 
' • 

apeeimau appe red to b c s• h.arde 1 prior to the e.ctu~l drying 

operation. 

t 

··1~, !~ 2r ~I?Plic•tion~f To;g • Runp 121 l~~. rom nun 12 on th 

awne 1aebhod of mixing W€.\4'1 used throughout. A dry mix or lime a.M ~um. 
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ot the alu.mi · • three minute.a being allowed to incorpor te the alumina. 

a.. Run 12. The treat.'t!l.ente .were at tol~ t 

12•1 •• Place top on in 6 mt.nu~e• 

12•2 .•- Pla<0e top ol'l ic 1S ud.nu.tea 

The epecblen.a were lr d.ried. 2 bours. ate~4 8 houre • air drled 13 

hours 
. .· . 0 

th dried in th& tray drier ~t high air veloelty. 176 F. 

1'1. rped wi:th e. modero.te).y po.r-ou.• top su.rfa.c"• hieh waa hcwov t • unev•nl.y 

blown up. No gae. trappi~ occurred., Spe 1mens 12•2' 1f1l . arped and had a. 

non-povo surta-ce which we.a also un8'0"fm.ly blO'lln::l up. lfo gas trapping 

o~cur·~. 'l'b.ese specim.ens were trimnied to remove &ried edg J b&fol"& 

the actuQl drying oper ti~n. 

b. Rw; 15. The t;:teatrhente to:r th se specimens 'flG'ff as t"ollowst 

lS-1 ... Pl Q6 top on in 5 minut .. 

1s.2 •- Pl c.e top 011 in 16 m.Ulute .. 

Th• spe.eimens w11n· thea a11' drted. 15 noun., eteamed & houm~ and then dried 

frOl'Jl 6 eurtacee at high air velocity and 17&1'r. nnd iO per cent humidity. 

tore drying th 1peoimens weer t:rimrll.ed to remo-vo cull ha.rd ~ edgee. 

Again G8 i n Run, ll• th 2 ,spee:bnen had · 

1 apee th l.he sp<Jelment both warped and c:traoked with some gae trappi 

occurring 1n both fpec11n.e.mt. 

__________ .,. ________ ..,1'..,.4 ... c._1 ... '-.. i'h.~ SaJ!l.$ •tbod 

ot ml:rltig a we. ueed S.n lune 12 imd lS wu repeflted here .• 'bhu ~thod 
being adopted f o~ a l t\ttura Jiln.B• 

(l' . , , li• '.?ht treatment• were e.e tol1owe J 

14-1 ..... Place top on in 6 minutff 

14•2 ·- Place top on!n 16 mlnutes 



The apeotMm 1t•re air dried 18 hours awl thon the top pldit ~d. 

th~ e.ii' dl"Jing wu tho -Qontinued for: ~ total ot 66 houri• At t hi• 

point. the apeoiuu bad w r pe4 qomi.derably and du~iDC t he dryl~ 
0 

at an intennadiate. · r veloci. ty and 1'76 r. ~ 5() pal' oent humid$:ty 

warped an4 oraek.a wid• op•n• 

b. un 164 The t1'1'&atment$ were es fellowa r 

US•l -· Ple.c top on in 5 minutes 

15-2 - Place top on i u 16 b•t•t 

t he apeet.me.na were then El.-ir d1"ied to 16 bourlt wi th the t op plate arid 

t.'1.en dried after trimming at o.n intet"lne4iate ttir velooi tf and 1150F • 

and 60 per O'ent humidity• the ap oilnena botb .. arpff. apeelae!'lll 15-2 

ore than 15•1• Th• 15•2 specimen waa less porous than the 1s .. 1. 

The pheno111enc>n of double warping ie • hmnt by ·•~imen t-S.-2' in 

Figure 9, 

Rep.uced 11~ ot St"tud!§ • Ruu \.!t 171 lS 1 1~'9. Th• met hod ot 

mlXlt'lg 1illd WU tM •·mtie as that -uaecl in RUM 12 fl.J)d ®~ It w s att.-.pt-4 

itl t.hie eeriu o-e ~ t9 4•t~ the optimm tiM req\lired tor th• 

steam tl'~tment to obte.tn t h• 4es1red. 1atbing aeti•• 

16~1 •• Plaee top on irmlntdlat&ly 

16•2 - Plae& top on in 5 minut .. 

Th••• were th.Im td.r 4ritJd I mn.u·•· •t•~ J. hour, e.ir dried lS h.otil"e,. 
0 

t\nd t ilen dried a~ high :air veloolty an4 1V5 r~ and 50 por oeBt h.\i'Ql1d1ty 

from El eurta.oet atteJ' tr!m:ning. !hes.e •p•ci•na ct.id not 'IUU"Pi both 

topa we:re satiafe.l.')torily poroua and ga.v good a~otmeu., 
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FIGURE 9. 
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b, a~ .11.:, Tbs treatment. we.re .. follon l 

lT~l ~- Pl.nee top on ilmnedt~t•l~ 

17 ... ~ •• PlMJe top on -.:tter five minute• 

fheee were tb.e air drled 11 how-•,, •'t•e.med l hour~ then ·J!:eJ!lOftcl tr• 
the pana,. trbamed am drled trom. 6 8\l!'face• at 101!! air nlooity, l'f&Gt.,,. 

am 60 per eent hWidd1 ty~ the top tiurf'ae4tt of the apeoimena were 

oatistacto.ey but the epee.bten.t .. arped verthel••~ The· warping oeourrtd. 

during tbs atea:id.~ ope.rat.ion .:afld t hte atruqt;ul'e wae m-.in.tained 4ul"ing 

the 4rying P•l'iod. 

o. Run 18.. fhe trea nte w re as tollcnnu 

18•1 .... lace top on inne41ately 

18-! - Pl ce top on in 6 i1Um~6'1 

Th• ape.cimene WOJ't> then e.tr dri.ed 2 hoUJ"tf~ ate:amed 2 hour,, f.it- d?>iecl 

14 hours, and then r$)J)Ove.l ttoa the pane ond «lrl•d f.-om 6 eurfacea atter 

trimming t.'t high a1i- veloeity, l?iOFw and 60 per cent hUJE.dS.'t.yt Specimen 

18-1 ha.d a good porou.• al:lrface with o. tla.t top bu.t was crack.en at on.e 

go .. ~peci:m.e~ 18·2 developed a akin um warped in two' dl?'&"Ot1oll8. 

a~ :aun 19. the treatm&nte. ere 8.$ followa1 

1.9 ... l ·- Place top on immed1•t•lY 

19•2 - Plfle.le tGp on u S mlntttes: 

1'he apeoimenl were then ail" clrted l6 hour•, •te~ 8 hour•, remeTed 

from the pe..ns• trbmtect, drl.n troa 6 eu~tac"· 1n the tray drier a.-t 

low air wlooity1 17S°F. end 50 per c~nt h1Jm1dit7. oth ot thes& 

apeoiJJlena warpri. during the steam1Dg oper :tlon, but showed no a.ppreeiabl• 

change during the drying operation. 



hte o!' . Qgol!!g 1 - "? Stee:mi5 t@ ~· §Oe, e\• tbla aertee ot r'1llJM 

'ilttentptod to fix.! the effect of elmr oooliag or the •pe~imens atter 

th•. at4Jamng trea~n'h• 'lb.e .m.othod of 111ixing lf•• a1mllar to that ot 

13 and on. 

•• W1 19., tu pl•t-• oa top of the sp•ciuu foJ"lD.04 was pu.t Oll 

1ri thf.a ti mbut•• flf'.'tor theto1"2ll&t1 on. 

20-1 .... Air dry I ht>Uftt •'t•aa l hour.; eool alow'ly in •tea.ming 

apparatUI 1 aiv dry 15 hours, .tem.ove :tro:.11 pe:n,. iiriil. clt'f 

fro 6 •urfaoee -.t high atr veloeity, 1'1&°F., 50 per eent 

hUTJ.d<lit7. 

20-2 - s 
cooled rapidly after 'the at&"ooting .ope:nit19ll, 

Both a;p&oim.ellS "" aS.iUlar a to et;ruotuf'•, aurtaoea and general 

a,peara.nce whioh w r• good.. 

'b11 Run 21. The top pl•t• •.WJ put on within 5 minutee e.f'te:r the 

21•1 •• .Air dry 11 houtt,. •t4tam l hou.1', cool ·•lwly ta · · 

ateame1\, :r•o;re b'.om p8ll8, -t:rba, dry a.t hi.11;h •ir velc:>oit:y 
0 

in tray c:lrier, 176 F., B{fl(l 60 pei> oent humidity, 6 eu.rfaeu 

2l•Z ... s-. condi tione e.s the above,. u:oopt that the epeotaen 

wa• cooled rapidly attar the ateaain " ope.ratio.n. 

Spec1:men 21•1 was fairly t1at with good etnoture and surf ce .. but 11q 

at evere,l ot l-t;s edges. Specimena !1•2 warped during the 11teQ!ing 

treo.tment and mai:nt11ined th1• •h~p• during the drying Pl"oe•••• 
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aft r the formation of · th apeoi •• lt trM tt-om.pte6 to et the structure 

of $chel!'er Ineu1Et1"ion 'by a. drJ he.at treat?Mnt.i th• rme'bb.04 ot tNatme-n"b 

'WU •followet 

22-1 - Ail" dey 2 houl'9' dry h en.'t treatmf:nt i:n tray drt•r at a2001 

for 1 hour, air d..ry 15 houN, t:rlm ·M!.d dry from 6 aurfo.ceG at 

low air T•loetty, 176GF. and 50 per cent. humidity. 

2!•2 .... Air 4..ry l'l hours, dry h•at w•atmen.t at 2208 1'. for l ho\lf' 

in tx-ay drier* trim and dry from 6 aurtao a at lO'lf nir 

T&le>city, 176°'1., nd 50 per oent humidity .• 

fh.o speolmena were flat and generally a tiafs.utoey. Specimen 22·2 

•~rped •li htl;y. During th• dry heat trnt}llent the •p•oimen.a cr>aoked wide 

frolo~ Mr S~tlajs • R• ,,~· lt w s attempted here to sat the 

sti'Ucture of th insulator by a prolonged air te-tting period. The 
' 

stun method of mixing es ueed in Runs 12 an.a on we.e rep$e.teEJ, !he top 

platG wu nut on. ithin fi. minutes fter th formation of tho apecbaens., 

23•1. 23 .. 2 ....... Ai.r dl"ied e. daya. trim •-o.4 4r, trom 6 eurtaees 1n 

the trl't.y drier at high air loci.ties. 175op.,. 60 per eeht 

mrdd:it.y.-

' After 6 days ot ir setting,, the specim.&n w.a.a firmly set and the dg•• 

re he.rd to trim. • spocimons had s l'Wlk away from the aid.es ot ti. 

pnru1. The specimens had good &urtt!l.ce a~r d.!'fi•• but wtu•ped 

oonsi erably. 



a4Ulle thod of mixing u usecl tn .Runs 12 on _. repeated for thne 

runs. Tr e top plate we.a put on within 5 minutes after the form: tion 

of tho epeoS.-na. 

e.. Run 24. 'l'he method.a ·of tre · tment we~ as tollo1te 1 

24-1 r aet 2 hours, steam 1.5 houn, air dry 15 hour•• 

ramow from pamt and trim, dry from 6 surfaces at 

high air velocity. 

2~2 .... s a.a above, except to d.ry •1> low air •eloeity. 

1heae specimens pro d to be good t'lat epecimena with good atruoture 

and surf cu except for oracle.$ occurring on the e4gH. Specimen 24:-2 

1a 1hown in Figure lo. 
b. Run 26. The met· ods or treatment ero •• tollowa • 

25-1 •• A1r set 16 hours, st•run 1.6 hours, dry in tray drier 
"' fr 6 urf ees at lgh air velocity. 

bove except that it wu <;l.ri d t the low 

air vel~ity. 

These epeQimena roe got>d but were •lightly w rped,and in this rea~et 

inferior to the apecimons of run 24. 

c. un 26 • The thoda ot tre 

26•1 .... Air eet I houn, dry heat treatment 1.5 hours, the 

tre.a nt oa.rried out at 176°.F •• air dry 14 houn. dry 

tram all 6 eurfao • in the tray drier e.ttor trbming at 

h1gh air loeity. 

2G•2 .... S u above exoept that 1t aa dried t the low 

Doth speoimena were tlightly warpe • specimen 11•1 bei partl7 ruined 
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by aooidente.1 loading on th• oenw!' of t ·::e top plate during the 

dry heat treatment. 

· 4.. Run !7. fhe thod& of tl"'Ga'ttnent were c 

21 ... 1 • ...... Air ••t 16 hour•• dry heat treat 1,. 5 hours at 
0 176 r •• d17 f'rom G eurtaces in 'bra.y drier nf'ter 

4r1ed at the low air vflootty. 

Specimen 27•1 we.a flat mid had a good top. !ta atrueture a.pp$ red · 

dense . Spoo!men 27•2 w s warped an4 era.eked ·an<l ruined beo.auaa th• 
i 

ede;es of t he top pl ite w•re trapped by th apeo~ causing a.r-ping 

ben the Gpeei.meu wq t hr :i nkb1g dul"Ulg the dl"J heat i1et'i.ed. Both 

spee!JQSi:w showed on.okU:g after th• drt beat p&r iod n:nd roqu1red tr1mm.!.n~ 

btfore actual deying. 

Drzip.g a,t ~OO"ll'. 1 60 eer een't Humid.tty• Rune 28. 29. The ee.me 

etbod ot Jtd.x1ng e.s uaed 1n. Runs· 12 ud on was l"epe tad, The top plate 

was age.in applied wt thiJ1 6 :minutea e.fte . .- the ft>f'llU~t!on. ot the epeotmene. 

!l• Run 28r The method• ot te•atment were as follows ' 

23-.l -· Air tet 2 hours, stem 1,.5 hours, e.i:r d"1' 14 hours 1 

remove :from t:r&y, trim &ud dry t ram. ~ eurf•cel at high 

air velocity. 

ail!' velocity. 

The epeoi:mcns were flat but er eked considerably at th ,, edges, 

b, Run 29. The methods of t1'0,'1tment wero aa £-ollowa' 
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tl'i and dry fx-om 6 surfaces at high a.ir nloc1 ty. 

29·2 •• Same treatm nt u the bove excopt that it WH 

dried at lotr air ~ looitt• 

The ate ng opeJ'ation warped these s c!mena • but gave the permanent 

eet and th y ~ tained thie th.ape in the drier. See Figur& 11 of' 

Specimen 2a-1. 

Air ~!"X!!YS • 50, ~li.: 1'h.e a etho4 of m.Uin.g ed in 

Rum 12 and on •er age.i repeated. The top plate wae applied with11l 

5 nutes arter the formation of the apecd.~. 

a. Rutt so. 'l'h.e thod 0£ treatmen'b was a follQWS s 

80•1 •• Air a t 2 h0ura$ ste 1.5 hours, remove from pa.n, 

trim, and air dry at ro914 oondi tiona from 6 eurre.ces. 

30.-2 - Air s et l houra, ete 1.8 houl"S, remove f"rom pan, 

trim, and a1 r dl"f at room. condi tion.e from G surfaces • 

Specimen 30-l was :f'l t with good structure and surfaces, while specimen 

30•2 was- slightly warped. Specimen 30•1 is shown in Fit,'U.re 12. No 

eraokin& occurred in either ot the apecimena. 

b . 31. The. ethod or treatment was u f'ollowa: 

31•1 .... Air sot Z hours, dry hee.t treatrn.nt at 160°¥. ror 

1.5 houra , r .,. from pan.a, trim, air dry completely 

tro surf oes. 

51•2 - l\ir set 16 hours, try heat treat 1. 6 ·.ours at 150°F., 

r ve from pan, trim, dry at room conditions complet ly 

from $urf c&e. 

th •pee na were tr d, ee.e h rd ni •ith no cracking oocurring 

at the expoaed edges during the dry eat perlo • A cy slight w rp ge 

du~ing the drying op tion. 



TOP ?L TE .• 

FIG 11. 

FIGU 12. · 



warping 

.. 
WU toll . f 

·:un • 

• 
Ji ...... 'l:t· •o 11 \U"il; ct•• J.M ~,.Ur'41 bi.a f4l'l4 d f'~ 

all e 1tu•fccu a'b hti;h att' Y•loo:itf• 

••f.r loci 'f • 

an. r · • 4eyi "' Cp&t" ti ;, In:l 1&1 

nt • 

Spe.eU. M-1 ·w WJ'y 1U.gbtlJ a~d ~1.14 ga.'te llli f;,C-lod at.:..uc.~ • .SpnS.O. 

· e u , bi-t Wlt\r lac. 



\ •. s 'h1;:n:1n, tiitra 

ft'l oi f• 

l• 

. pe11d.•n lb•l wu t"l•t w l ss.;.2 111up • bit. TtW • · z,4Qturro ot · o ~ 

w .od &ald tbo • rtet(;f•• wire •i.G'J.) So"-• Speob\on · · l 1• •hnl1 la 

'1 "1. 

M wt~•plo 1>t ()Or •~ tun o i.t.18<!4 b7 eo~ation t 

... -·- t • b1"nolu to rora. 111: •J?4dtat!t• praAuc&d 

T.Ul'l'l'tT! nay tl~.nlllllo..& ... 
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DRY HE.AT 1$:.ATED SPEC!MEN. 

'~&Ut?,li* 

l!l-Fill!~T OJl BEGRHQ.A'fIOl~ OF ALUMIWM ON 



S'!'RUC'l'tJRF; OF SP.t1ClMEN NOT ET 

BY 'l'ID~iu.u.L 'l'REA'l'MENT 

FIGURE 16. 

62 

STRUCTU ' OF SPECIMEN SET BY 

STE.t\M TRE.~TMENT. 

FIGURE 16. 





• • 
8 

b• ~ulUG of "''ure l• ()e.flo.trd bf tha f:qUtll.ti.1;$1 

•• ~ i/l 

t ..... lb./• • 1.n. 

bend~ li01l\fJ ~ . lb. in. 

o 1• o b-lt ~ bolt ~ht in la~hf'l•• 

1 t• thlJ ··~t10rt •dUl• ( l•llM ) •• 

w1-a ot <the ·el ooaduottntJi: mod · 1ue or ~ptun 

, ....... ......: ... tnm. ta.bl• l oe plotted :ga t the den1it$' or 

"' Ul.att tn ""ra l• 
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Ai,r D!Jiy Steruried S£!cimepa •. 'lhe data tor specim• 30•1 

and 30-2 !iu glv•n 1.n Table• I and 4• ~apb.a 2and $ a.re flottod tor 

this data, the f"OnYI" for m<>1&tw>e content Y8 time em the latter £0~ 

drying rate vs moisture ~ntent. 

S,pe~imep. . 30-11 

.m.ol ature eon.tent en foftdng .................. 61 . 8 p Pl" c n't 

a:verage drying are• ---... --.......... -196 •t• cm. 

•pe4.lnwn. •tenxned 2 boura after forming 

i.119etmen 30-2"' 

moiatut content on f orming.., .... _ .. _ 61.Sper cent 

a'!fera.ge drying a.ff&. .,.. .. ,..-........................... $9.9 aq, om. 

pe¢S..n eteainOd 15 ho~& tll't•r tormi~· 



Moisture Content vs Time - Air Drying Steamed Specimens. 

Drying Rate vs Moisture Content ·- Air Drying Steamed Specimens. 
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Mr Dm5 D!?f Heat ~~a~ S;>!QlMU,• Th• d$.ta tor epeat.ne 

$1 ... l el)d a1-2 is given in Tabl• , atld 6. at-~ hs 4 and 6 are plii:tted 

for t h:l.a data. the :form.er to' inolatu:r oon: · • vc tiae. and th latter 

itor drying rate "ri mo:ietllre q¢>nt&n.t. 

specimen dry heat tn ted I hours ter forming . 



• 

Moisture Content vs Time - Air Drying D.ry Heat Treated Speoim.ens,. 

Dryi;ng Rate vs Moisture Content - Air Dging Dry Heat Treated Specimens. 
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~rt!;N a'b 1~0'1•• 50 l?,!r; ,ce~t ll\mlid1-tr. 213 F~et per Minut~ 

~r Veloc1 XX• fhe de.ta for 1peot.a.na 32·2 lUld 34•2 b gh~en in 

Ta'blea 7 and s. Graph.a 6 atl.d 1 e plotted tor this data.. tbct fome.r 

for mo1atuJ>e content .,. tble NLd th& latt.11' fol' dl"Ying rst:e v•, th 

Sp•o~1 M-2. 

lio1#tute oontent f>ll t~ .;i, .... ...,. ... -•60+<6 pt:r oen'b 
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Moisture Content vs Time - 150°F., 50 per cent Humidity. 

• le a. 

Drying Rate vs Moisture Content - 150°F., 50 per cent Humidity. 
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Moisture Content vs Time - l75°F., 50 per cent Humidity • 

• 
D171ng Rate vs Moisture Content - 175°F •• 50 per cent Humidity. 
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Da;.inei -.t 2qpov,., .s 221" . cent li~<Utz;, e1s I fe"~ per min.••! :Air 

Veloe>!t:v,, Iha data fo'I a;ped.mt:na &S..-2 and 29•2 b given la: fltblee . , . :: , .. 
ll Md u~ Graphs lo and 11 are plt:ttt.ed. tot" this dat~, the fo-rmer for 

m.o:iat\lr content w. time and the latter for d;rytng :rate vs mo1atur 

Specimen ateruned 2 houra after toming. 

$2,!ei.JIJ.f,Jn 2H·2• 
I . 



Moisture Content vs Time - 200°F., 50 per cent Humidity. 

Table 12. 

Drying Rate vs Moisture Content - 200°F., 50 per cent Humidity. 

• 
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u n:cscus.s101 

f.!b:i¥• iy the esperimentf ean-ied on fi"om. ~ l tc 12, it 

was found that i». ol"d.er to l:teet hcun•gorat• the powder• iato thf. 

were mb:ed f'trst. Fivef minutes w s then 
' ' 

tc'1l'ld. to be outticient. time to laeorP'rat& th•s.e· ~owllera into th.e 

~~coat, the powders being added. to th• 'Yi·•eoS.fh At the end ot th1.a 
' 

pe:t'1Qd1 the powd$M4 t.'1.lund.n\Ul waa added . for an ad4it.lon.e.l t~ee 

minute• ot mixing ti:J:Db .. 'J?h.1a prl1oe4ure •ftori9d suffioi•nt -time to 
. ' ' 

inoorpot-ate th.e powder• into the viscose bd permit the torlling of 

th$ S.p(toiu!AIQ by cn•tiin.g betorrs any ~ppnoiable ~ea.otion between th.• 

a.lumi.nun and th• alkali ot t he "riscoae •olutton occurred. .. 

PrY!P& Diffi~ulties. The coll~id 1 natur. or the mix ort•r• 

the m.e.3or ditfie\\lty to deyt11g. 1'he specimens shrink ~o:nsider~bly 

dur1ng the drying opo.-.tion, aver ~ing about 12 per cent as eeen in 
' . ,, 

Tab1e . e~ Should th• rate or drying be diff rent at different ~urtaces 

ot the ec0lid• then th.e shrinkage would not be uniform and atraina a:re 
' ' 

set up in tho sp.&dmen. l'.f' the tension produc.ed 'bf unequal shrinltilge 

ln orier to produe as far a.a poseible. uniform drying, the speoi.Jnews 

•ere removed from Ghe p1ill& in which they wer~ formed and d~ied from 

o• for speoimeru; of small height. such as the one inch 



ea 

Exces ive drying ooeure at these point$ producing e~eeasiv~ shrinkage 

there .. The ten.IS.on thwt aet up \'till •ffeet. •n-r,piug and er cld.D{£ lf 

great •nough. 

'l'h prob1elt1 therefore w~ to 4•termtn eondit1<:1ns such that 

drylag t1Jhou14 0001.a· •a$ UJ.'d;l'oftlly eiiS poast.bl• trol\ll all. •'.llrf!\oea t\M also 

to det•nnitie eonditloxur auch that edge e.nd. eol"Mr drying 'rill not 

cauae cracking. 

roae to ~ top of the specl.men Wh1eh hardened bi a. very ahert vh1le. 

The eo.se hardened 111rfaQe or-te~ cona1d•n.bl• r.eaiatance to the pass ~e 

et inoi.ature which had dif:f'UQed from the in'Urior of th ee>lid to the 

eurf~ce out into the G i a -d.F etrerun. A'* a result 4rfing ooourred at 

$; greater 1'8.1-. trom the aid & ·and the oottoms ot the 8pe()imttn.B whioh 

in turn. caus$d exceasi •e •hrinl!Qge at th•$e pqintt. Th• tension ae-t up 

b? this unequal ahrin'kt1.ge etU:.tsed the •P•eltwJUt to wa:rp towards 1 ta bottom 

aud' ce due to 1nsut'fio1ent rigidity ot struotut:e11 The phenomenon ot 

•kin formation wns noted aa ~e.rly ae the flr"t nm,. when fU1 eatm.td.nation 

ot the etruct'Qre ab.owe s .1 pore• at the top surf ee while larger onea 

exist d at t h. center and th1)' botto ... of th,6 specimallS. Runs 2 :nd 5 

showed: tho tendencies ot the apeoimelUJ t<> warp tawa!'ds it$ bottom surf ace-. 

OQnsidero.ble orw>king ooeurring beecuae o.t that time no grease Wti&being 

uaed. to lt.tbricate th& •1deo of the forming apparaWi and thut permit 

t'ree shrink ge <>f t!.e P1'ebleu.. Aleo in e~veral i:n&tanoes,. cracking 

ooo'. rr:ed because the pnns were filled to the 'brim and overflowed when 

the epeQimeu begQ.tl to rie:e .. Later ~ us,tld high itde<l pans am w•ro 

well gr nsed., Run 4 1¥68 the t'irat of these runs. All apee1m.ens which 
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· US l.t tio 

•f th.U tnp t1A1.; .. • ·to J,ll'«ht<' fi n! . - Qi:i! t.r#XpDed gu• :po ' t\U 

to ~Q•ent e, tki.11 fc~tto~, "fft!IJ to fliPPlt *• pk'49i Wi th1o tiv• 'nv,toc 

a.ft r the to on ot th I o 
which 

ot -, e vol i.:n th r'3 tA.o 

spit• tho • " n tonttAtioa •1il4'$t ' * ti\• •J$o , 

OA'-1 bJ tb. muttioi.ont d~ldtt o-f • epe 

mdtt. a 7e1nal~ af eoffi'ff ttdp 

t'1 tWl!d;• t th$• p~bt, Oftf»; of 4 iRlrrainl 

e!th r rt:er 'tu.ri;u;.1.a1i:, or ta w-t 

ttv 1 hour 
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ia net reooismien11ec:t 

initial setting 

tl.lal te tre 

t o sub•ti uted for t rature, 

for 

the speoilno bl G u 

oocun hil at ndi 

hen ctue.11 

rpe oo idorably. 

_ at 

imen 2.-1. whose 

piotur 1e a ol'tn in th exper1 tal a ctio (F1 re 11), is 111 atr t1ve 

ot thi ty e ~r otion. o peci ns ate _ l t 

'If • £ound to be turtaoes d o struot\ire. The time of 

poor 

uns uoh 1J t 11·2 aerie _, rovecl t at it w !S ea • t:lal t.o 

uee a top pl te i thin ti~ nut a f'ter tonrdn eve wh ate inc.• 

lr this is not h red o, the 8 ciaen fo 

the steam cheat. 

ki a th n w rp in 

20 21 showed thn'b i 1f s not oes to cool dawn th 

ne al 

for s oi 

th 

et 

on both slaw oooli 

rter t e ate 

on r ol'JDi gi vin 

~d ~ pid oooli • 

T pid cooling 

eta• whilo t1l08 

produote on oth 1 l oooU~ 

ethod of eetting the 

tr oture of th product by jelli th · ..Wecoae binder w .th therm l 

tre n nt t 160° • lao tolllld to be auit l•• Th.1 oper t on 

t 8 dry1 to period ne41e sit tea 

t t e use or th to plate t re? nt kin ro ti on exo aGiv ryi 

W ioh 'WOUld C u e er eking d w rping. 

uns 2 , 2 , 27, l, 34, 3ti ol• the dry heat tre ent . 

n 22 att p·I; d th tre· tmen.t t 220°F, Run 26 21 t 175° • , both 

tt tin0 t e tre d y f r •etting in ir overnight . 
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tho h1gh temp r turo cet11:ed. oonaiderab.le drying t the atp0·sed edg•• 

et th• epecimene a ea11sed them to orgk Wide ope~ Run$ 51,. ~4 arui 56 

attempted the trea:tment fl;°t 15o°F., q4 thi1$ prov.i to be satisf'a.etory, 

setting ti& &t.ructure without ea.us~ wu.rping ot" crooking to lleeur-. 

'1'h liength of trentment if 1.6 ho\1~s· 

· ff~ot o,f J..t.r Agei;ng o.n $f1,M•Pfj• Vpan ·e.t'te1itpting to substi tu~ 

. ttme tor tempo.,-o.ture end ett:Use the aetting Qot:l.on to oeeur b-1 merely 

penn1tt1ti.g the ap&oimens to &te.nti t roo111 oondittons for sever 1 d~ya. 

uns tistn.ctory results wer obtuined. llim. 6• att pting complete ~ir 

drying pr-ov unsueoesafulol t•ri• 1 b$eauae :it •u f'ormed 1fitho.u:t a 

top plute and e.. skin :fonna.tion 0$.US:ed w~ing, and •eriee 2 &eo ust.t 

ot a s1n4l1i1r ekin fo•~t1ou. plue. exeead;vt;; ,eteaJD.ia time~ Be:d.es i1 htW. 

been ate owrnight and the l)'bru.otur• ot the apec~m&ltS w.u !.l!lpe::tred 

by the loaohtng etion ot the cond.ene.tng ate in the ste ohest. 

ln Runs 14 and 16 e. thr•o day s•tting period nnd. in. Run 23 a eiz 

d y ••tting p•rtod, prior tQ aetual drfing . Fr~cto.r•Sohw · rt1 tr 1 drier1 

proved un1uc~ss:ru1 .. The thT•e de.7 peri.cd was ):Wt .l&ng Uough to, sat 

the struetur• of the spcbim ns fiml1. h1le tM &ix de.y peri.¢1!4 did, 

However• th e.ilt day per1'0d. (lid not :nui.ke th& truott\r$ eu.ff'1o1en.tly 

rigid to overcome tbe ff'eoba <>f' edg Ul4 oomer drying ruld they war-ptd 

Gd ~racked upon dr ying• 

:srr~ot ot T'rblmiA&.~o• Prong.. It wt touwt .mvh 1ble to t:ri. the 

$pecim0na bef'ore acctunl drying. During t he ot•aming operation Sl1:d the 

dry .heat tr-e1ltment, the ltd es bee-omo oSJSe hardened and would produce 
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cUttioultiea in drying. the top pl tc ec11.p•ses about o •. 25 i.noae-a on 

e n Ude. It was. made ~hus to prevent it from c~ehing $.t the o:o:rner 

end b 10.g trapped there whil• tho ep oime s ttre in the pl"oeeas of 

rts1ng due t o t he evolution ot gas. 

S\ll"f'ace Evep()J\
1
ati.011. . the r :te of dl"ying cunes 1'ith t he rate <>t· 

drying plotted agdxwt the moiatur oont•11t •how t he.t t he :resistance 

to surtaoe evaporPi>tion is the controlling t u.otox- in drrinm• :that is th& 

reaietanoa to d1f f'uaion of t he liquid fro th& 1ntario~ of tbe aolid 

to the surta.ee b ni:!gU gibl4' in ~cmperhon to the ros.i&t&nQ'S 'to aurtt1.e• 

ev~poration. Thia i s lec1.enl. 'Whe the strueture ot the speo.bnen la noted. 

For p , otic< ~ly ft"Taf71 speoi;. n no d, the porosity wa greater in ttte 

interior ot t h& soUd th at the &tU'tJ:u~•s • Al•·& en exmi.ntng the 1ul'fruu11 

structures, it is noted that t he skin form tion ie ~oimr:..0n to all of t he 

$ ... rfMe4J. 'l'h.e sl:Jt she.et mot l eontq.ot e.urf'aoes, ia the :to?"f4ng, produoes 

th~ o surt ( e on nll eide penn:l tting ~\8 uniform d.ey;tng fl.S poaalble, · 

1 'che surf c: t ha.vi· g the a·filtle •kin f -0.ft\tttlon. 

Edge ttnd pomrr Btt'eq'8 • , rh u.c-tu l e~nt:r{)lli f -ao'bor la 

dete1-mining t ,e optimull1 ooutlitioM r drying ts t ed eorner 

Q.cyim.g phenollUl®ll• Egc•H1"11'e drying oocQ.r o.t th-es& point.,. Md ln turn 

c~wsing ex.e &i•e eh rinlc4ge e.nd then $racking at the edges . ConditioJUJ 

wer• aou~~!lt so tha.1; th.e dryin! would pl'Qeee4 fl"Om rut r . pid a rate U ' 

.osalble, 11.nd yet n~t oausing eFack1ng or t he edges to occur. For the 

st& ed. ap·cim.eM, drying ~st b carried out s n ur drying a ·e:ration 

in ori•r to tneuro i'rodu.et1on of speolmena whleh do :ia.ot ora<1-. Once 

ate the speo1meIUS d..o no"t war p in drying. Drying at higher temperat:uree 
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causes egoeasivo edge 

from. th.-o eenter ot the peotaep d thue o~ueing cra.eld.ng. Dry hea.t 

t .r at d .apeoimena cru.\ best be hnndled by air dryi.ng ov drying at iso°F. 

pm~ri of' ~~e~ ~ ~:rz Hasted S22c.~ exuh Dey het1.t tre ted 

specimens d a.t higher r te th the st e.lnEd 'specimens e.s ev1d.enceU 

by ti. all" d:riea speoimena nnd 14110 Spedm.ecn S4•'2· a• comp!u•e4 32•2• 

rue ie pro bly en.used by th diff r-enc in tr&n . nt. The dry he- t 

ev por tion th . the steamed s eei1119ft& .en.Ii dry at a or e rapid rate. 

Aleo beo ute of its bility to resiet o:r eki at lOO<>F. it llUl.Y bo 

ssum.ed thflt the d t fterenee between th• r at of drying at the ed.i;es 

1lnd corners eoinp red to th t fro t h eente"J" of the apeoimena is lese 

p<;>Hibility is that t h «•Mer structure ef the dry hen.t tre ted 

s chaens akes 1t more reeiat nt to er"e.king. 

fa. te:r rate th,, n tho e tre ted the d y a.ft.et' . lbe air dried s d.mena 

.ud the ones dri.ed ~ t a ool' • &how th.1e effect, '!'he ten.d.enoy d.eo reate& 

when drying t higher te pe:rat.ure1 , fhis difference in t r tea of' 

drying 4~pendints upon the time of tre tm•nt may be e:itplained ti follo •• 

Upon G·tan.d i ng overnight, t he &'1.n·taces may tend to harden in ~h& .Jrlrt1a1 

time aett i which is lw ··s prooeediDG•· and then dur· the ctual the l 

~i tely f'te for.nine;. As · result the re iStf\nce to aurfo.c evt\pGl"h.tion 
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la gr a.t•r Olsd the rat Of d.eying lower :t•or •p•oim.ena wooa.e · truct:ure 

U by th~ tr4atwlflt th& clay ai?ter its formation the.nit t'b were tre9.ted 

immediat ly El.t'ter f ormS.ng .. 

;8.fteot Qf Air VelQQi~:tt A'b a high r ir voloo:lty, the drying ~t• 

!a ~on1i4&rably higher the.a at the low •lr veic>ei.'ty,. Specimens 24•1 

mi 24.,.e ah01t ttd.1 .cl• rly. fhe e-tteo:t ot ir ~eloei t.y app.trars to be 

~rtiator th• n th t of telnpet'a.tur"• Spec.11'ena 24...,l dril!iCl at a ld.gh S.r 

velocity h s the hit!att drying r ;te . ot e.11 ot th.$ specimens . l"dle beinc 

dried t 1150F. Xld 50 per o nt hUtllidity. it ha$ higher rate of drying 

th.an the a peoimens drled at teoo:r. 

;i:tt'~ot or. Te!!i'r . t,u-tpt Air d.rJing# ot course. ab.awe tho J .. ewe11t 

rote of' dJ71 • Lit tle diff&rene.e in d'ryiag rtlte ts ••en by droJing at 

150• rt& or 200 degrees F. ll t 50 per .oont humidity. '\'ib.a.t tloes occur, 

howevor. ta s. steeper ourve1 a. ta0-re rapid tall in ~ d.ryi r te 

oe\)urrlng as the :run pro-gre1ae.s e.t tNt tempet' tu.re ot tbo dcyi proeemi 

increases . fhi• y be o.xple.in-ed foll..,.Ah At tho higher temp re.ture, 

the ti'l.Wfe.ces of 'th• $peo~a are e:tf •ct:ed ao tho.'t co»:bt-AQt1on 

•hrinke.p oMure inore8.$1tlg 'tm'6 res19tQl'Jee to •urt' ce evaporation 

pro reativelr, mo:r• so than at the lo.• r temptJr tur&s, '?hit e:x;,plalu the 

greater d:-op 1D the deytng t"At• eunes tor speciuna drl s.t thei higher 

tetaoeratures, H the nm preo ·o. _. Why tne rates do Mt dU'.t'er appreciably 

is du$ very likel y to tl\1' change in the suri'e.ee \Vnlporatiott res:i.•ta.nQe 

with the tem.pe~ature. If tbia rlsee n Jpreeinblywi'bh the te peratur&, it 

i very po&$ible tlLt the 4J'fing rate will nQt be chenz;ed voey oh by 

a risiAg temperature . 



9i 

General Froi!!rt!&s . Graph 1 shows t~at the density of t:U. speoimeu 

when il:l.eren.atng, c:a.wu;a the modulue of r u_ptul'\&t th• oN•h.tng strength, 

and the then 0011.duetivity to ino,... •• fh• insu,la~illg v lue d e:J.'eaaea 

beoo.uee d'1ns~r p-i-oduot;t Whil ctroSlg&r. t~ pa leas fl ir. The skin et:teot 

the spe.eimene con&id r bl7 etronger sholm. by the t eta made 

on epaoimen 12•1• 

Structure. Different st:ruotu111ea are obt ine<i depend.lag upon the 

tre 1.tment •t the speotme:aa. '1.~N& 14. 15 -tld l& shotl V~}rioua atnotu.rea .. 

Tb a.pe¢itnen.& h ve a uniform. struotu,cre with each · ore being segfognted 

nnd iw:l pend nt ot the othtu·•· lt t k•G ·a 11 oleanly wi.thout' crncki • 

Ste speoi:.rn.ena, beeaua ot' ti. hight>r temperature tre~tm.ent have a 

greater po•oeity thrui the 4ey ho t traate4 ones. Conc'ilrtently• the 

$teeme4 tJ·pecimena hnY "- 'lGWer str~ngth a.nd t h{tnn. l "Ct?nduetiv1ty than 

dey }leat tre :ted .one&• 

f,inong 'bhe reoo~ tione for tut-ure. Wol'k ~e -the f'ollow!!lg; 

l. lnve&t1gate dU':fe.nnt Qmapo-e1tion3 of iAgi-edient•• 

a. Use other talllo gents for g.u evol ion.. 

~h Use inhibitor lik• ~rkey ted or castor oil to oo t aluminum Ol'.14 

p-revent ap\d rea.otion 

4. U&e :fiber till•i-• to incree.so the strength 

5. ~'Ur-th r drying investig~tion. v~ryl.ng th~ hwaiditiea. 

a. Prop r tion of various aices 
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ld..Jld.tatiou, 

l .. ll'••· ·of <Jnl;y on oom.poeitlon. 

2. 1.1s . of only on. :miu:r. the '1tt.t••r~\nee.d.er ~YP" ml.l&er. 

3~ Sis& of •quipm•at -p\lnd.t.ted the Wli.D:u.f1iM:>tu-re ~:f 0.1 in.oh high 
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V • 00 CLUSlOllS., 

an e.ddition l three minutes of misillg tiae. 
Pfleiderer 

2• The beat type ot mixer is Womer-ittormtwz Sig;a.tll,..bladed kn der t 

3. the speoimeM are bea·t te>nnad by eaeting, to b• oarried out 1.fmnecU.ately 

niter the mt.x1ng time Qf e1ght mlttu.tes ts ov: r . 

' · $ p na "''" toT' the forming ••t be g-re. ed. t<> permt t th• free 

eb.rin,lcage of the $pec1m.e.u. 

6. A galvanized $h&et metal plate,. ~ greuee , must bes applied to the 

to prev&nt warping. 

6. 'The structure of th& specimens me.y be ae'b by a liY• steam tro tment 

for 1. 6 hoU1"8 2 hours e\fter their fol"tl'U\tion. 

"1 • ·Th~ structu:N may also 'be eet b)" a d.ry heat tt'eai.':men.b at 15eOF. for 

1.6 hour4, 2 or 3.6 hOurs a.ttel' i.ta fom~tlon. 

s., 'i'ha dry heat tre ted itpecim~ are· beet ai r dried or drii911 a.t lSOoF., 

50 per oen-t hwnidity. and 273 feet per> !mite r velocit;'• 

9·• 'lh.e atesm.ed specimens ar.e best air dried at :roOJIJ. eondi i ons or 

temperatur-e and humidity. 

10. The o.pecinMtM must be tl"imm.ed bef'of'Ef· «rtlng 'bo I'~ dried edge• 

ll. Ste :led speoimena have a low-er denai~, stren h $nd th•nw.l 

co ductivity th~n the dry heat tl"&atec\ one• . 



Sb th t it would not warp or oreok. 

The oollo:idn..l ture of the mix oi"f'ere th~ l!la:;)C>r diffiouly i.n 

deyt~, The product hrinks eons·tderably upon dr~ with unequal 

the mcl.n e.ir stream.. Anoth.,r factor b.1.cvol.-.e. the edge a.n4 oorner 

drying ofi'eeta. Ext•euiv.e drying at th•• po-1n"ts· oausee er eking to 

within i'1. 

eomer e'ffeeta, he speeil!lAmlf w.ere set eii}ner by & e'teNn treatment for 
a l •. 5 b.oura. 2 ho.@s artru• its fo.nul.\t:i."()n• cMr t;il!Ven. a. dry heat tret:ment 

at. 150°F. fer 1.5 hotll'a eith&r 2 or 16 ho~r.s after- its tona.etil!i>n. 

'.rt.me setting prov d u:n.satisf' otory. Thi-a .tettlng treatwt:nt JUU•t be 

corded out 1ti'hh the top pl ~ · on o.nd as a. ~esult of &Xt?Osure ot ed.~•· 

the specimens must be tr d before drp.ag-. 

' ittta le drying condi ti<>ne in.volftd air d.cyio.g ot steamed B?Jci:m.ent 

and either air Qeyi.ng or aeying a.t 15ri)F.,, 60 pel' ~fJn.t hu~ddity and 8?3 

fe$t per ~nute e.1.F velo1l:i ty for the dry hBat ttea.ted speeim&na • Thl• h 
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limited to these conditiom; ~~awt• of ~ge and c¢rner ~tfeota. 

Steam.eel epeciD1exiJ hBv.e a 101te.r thual oonductivitf# s trength e.nd 

density thrm; the d)";f heat t!"4ta.ttld $pe,eiln•lW• 



100 

VII LITB.RA1'UR!l: CXTED. 

1. Caldwell, . • L. u.s. la954, 117 ( 1934) • 

2. Carrier. • H. The Theory of ~ :tmoapherio »-r por.ation. Ind .Eng• Oh.em• 

13; 452, (1921). 

3. C•aglake, • a. and J:Iougen, o. 1. . Th• Drying of Or ular olida. 

Ia.E .Cha 29_. 805. (l9'37)J Trana. .Irmt.Ch.&.g. 33, 283• (1937). 

4. Coxon. • u.s . 1,9Sl,691 (1934). 

5. :rick••on, J. • u. • 1.,619,018 (19Zl)• 

6. f'letoher, G. A. rtt. 482,700 (19&8) • 

• • 
a. ill, ·• • u.s. 2,109.532 (1938). 

Forming Ch r a.eterietica or Schere Insulation • 

• S. Theeia, V.P.l. (1 40}. 

9. Lnia, • K. Th• Rate of Drying 0£ ,;;rolid atw1ala • Ind.Eng.Chem. 

13, 427' {1921). 

10. on, R. 8 . l'he l Insul tion with J\lumSmuo Foil ; lnd.Jilng.Oh •. 

11. 

12. 

is. 

!!&. 245. (1935). 

ere Yt D. • and Dabe, • L. Th& J!.d.1abatie .Air Drying of 

llygroacopi ter1als. Trans. ! .net.Ch.Eng. 2!a_ 1311 { 19 33). 

euhof, B. rm 686.795 (1933). 

ewman, • n. Appl yin Diffusion Calculatione to Drying Poaoua 

Solids. Chen. and t• ss1 '110. (1931). Diffusion Calcule.tiona,. 

T-r • .Inet. h. n • 2fa 510• (l 31). 

e Dryin of Porous olid•• Dif ion and Surr e 



lol 

15. Radsp1mi.er, J • A. Stud)" ot a Syntd1•·'1e ln$ula1Cing ¥.a.'ber"lal from 

Mme • Vl$Of)te•, 14.-S. ~O:&il .1; v.i:i.~. (193!} . 

16. Sc.M.etf&r1· Jr-A• Miner 1 ool a.»4 Vv•o-ulato as ln&1:11at1~· 

Iiui.Engl'Ch-. 2~1 1298• 1936• 

17. ob.ne1d-.~. G. n .s. 2_.os5.o47. ( 19$7 ) . 

is. Shel"f'ood, 'f. K. Tho Dey! of Solids 1 • . Ind.i~.Ch~ ~1,1 12. (.1929). 

19:11 Sh•no«l,, ~ .. l<ti 'Pbe ~eying of 8ol1tia X'.1 . Ind1rln$•·Chent. fl,.1 976. (1929). 

20. Sherwood, T. K. '?he Deylnt; of ,Solida lll . Jie.oh.an!.G or th• Dr}~ng of 

Pul 8¢ Pape.r. l ii.En .~h•· £!i. 2;28., {1930}. 'lh• ~ o'il Pulp 

and Paper. '.bans. m.Ins t;.Ch.~. 2,51 2~. (19~). 

u. Shenrood , f • lt... · ~· Ih-y1ng of Solie lV.1 Appli<te.id.on of D1.ftua1on 

Equation#.- llld~ling.-<.Jhq.. 24'1 101 t (1932). A;pplhati<)ll of 'l.heoret:lcal 
. ' 

D1l'fuaion Equatio$1 to the Dr~ of Sol:lda . frua • .Am.Inat.Ch.,Ertg. 

2'11 190,(J,952}. 

he.nia 

of' D~ ot -Olaya . !?ld .Eng.Ch~ 2511 ii1. ( 1953). fh1' lteohe.niam of 

the Deytng pf' Cle.ye . '.Ereno .11m.IM«b .. Ch11hg• !!&. 118, (1952}. 

2$• Sherwood. T. I. end Coro.inge, &. w.. 'l?he Drying of Soltda VU:i Moisture 

.. ovement by Ca.pill ri:tY' in DJ"yiag Gr n~le.r Solid•• lnd-.Eng.Chftl • .!;;:.,. 

1096. ( l,9!4). 

24• !.'ownshi!tna, B .. ,and ifU.litu'M. B. R.. 'ff.eat. Inaul tiqn Devel()ped tor ,eT•ry 

Purpoae. Ch•"'a:nd et-.. a-9,• 110. (l.9'32). 

of t.'hellion.1 £ngi""er11lg• p.101. J;!QGre.w•llill Book Co. New Yorkti 1937 _. 

264' lker. • •j Lftia. • K •• lfcAdeins,. W. a •• GlllU~. E.R. hinolplee 



1(}2 

of Ohemla$l E inee.ring. p .. 645•644.. Gr•-liill llook Co. lftnr o:rt. 

1937. 

2?. i elker, .11 •• Lewi• • • &., J1dem.a . l • a., Gillilm:i.d, E. R. Prino1ples 

of ~e~l ~ngineel'ing. p.S49•$5Z. Gr •lltll De~k Co. Ntn1 Tori. 

1937. 



l 11ould l1k to t:hank Dr-. P. c, ~oher•r a:nd »r• •• c. Vilb:r ndt 

of tbe Vi~gini Pqlyteehnic Inatitutv fo1' their able assist nee e.a1. 

advice throughout the oows-e 0£ thi.1 imestigntion. 
' 

Also to 

V.trg1nit'l. eoee ,.%11¥ thnnk • tor it as ~hreu11;h hiln that $ good orti<>n ot 

tho equipment wiua ·supplied. 

Credit mu t 180 be r,iveu to who& work on 

f.l 'P r tus designed end. oonstructed by Dt . R11. • John&·ton of' the Virginia 

t'olyteehnio In$titute,. w a the &auroe of" tho tunnal oonduotivities 

obtained in thie tn~estigation. 

Speei.al kno'Wledgement mat be e;.1 ven to W O&hit 

work on th~ axing N'J4 rm.Sl>.g Propertiea of Soherer In.aul~tion formed 


	Singer_Max_1940_001
	Singer_Max_1940_002
	Singer_Max_1940_003
	Singer_Max_1940_004
	Singer_Max_1940_005
	Singer_Max_1940_006
	Singer_Max_1940_007
	Singer_Max_1940_008
	Singer_Max_1940_009
	Singer_Max_1940_010
	Singer_Max_1940_011
	Singer_Max_1940_012
	Singer_Max_1940_013
	Singer_Max_1940_014
	Singer_Max_1940_015
	Singer_Max_1940_016
	Singer_Max_1940_017
	Singer_Max_1940_018
	Singer_Max_1940_019
	Singer_Max_1940_020
	Singer_Max_1940_021
	Singer_Max_1940_022
	Singer_Max_1940_023
	Singer_Max_1940_024
	Singer_Max_1940_025
	Singer_Max_1940_026
	Singer_Max_1940_027
	Singer_Max_1940_028
	Singer_Max_1940_029
	Singer_Max_1940_030
	Singer_Max_1940_031
	Singer_Max_1940_032
	Singer_Max_1940_033
	Singer_Max_1940_034
	Singer_Max_1940_035
	Singer_Max_1940_036
	Singer_Max_1940_037
	Singer_Max_1940_038
	Singer_Max_1940_039
	Singer_Max_1940_040
	Singer_Max_1940_041
	Singer_Max_1940_042
	Singer_Max_1940_043
	Singer_Max_1940_044
	Singer_Max_1940_045
	Singer_Max_1940_046
	Singer_Max_1940_047
	Singer_Max_1940_048
	Singer_Max_1940_049
	Singer_Max_1940_050
	Singer_Max_1940_051
	Singer_Max_1940_052
	Singer_Max_1940_053
	Singer_Max_1940_054
	Singer_Max_1940_055
	Singer_Max_1940_056
	Singer_Max_1940_057
	Singer_Max_1940_058
	Singer_Max_1940_059
	Singer_Max_1940_060
	Singer_Max_1940_061
	Singer_Max_1940_062
	Singer_Max_1940_063
	Singer_Max_1940_064
	Singer_Max_1940_065
	Singer_Max_1940_066
	Singer_Max_1940_067
	Singer_Max_1940_068
	Singer_Max_1940_069
	Singer_Max_1940_070
	Singer_Max_1940_071
	Singer_Max_1940_072
	Singer_Max_1940_073
	Singer_Max_1940_074
	Singer_Max_1940_075
	Singer_Max_1940_076
	Singer_Max_1940_077
	Singer_Max_1940_078
	Singer_Max_1940_079
	Singer_Max_1940_080
	Singer_Max_1940_081
	Singer_Max_1940_082
	Singer_Max_1940_083
	Singer_Max_1940_084
	Singer_Max_1940_085
	Singer_Max_1940_086
	Singer_Max_1940_087
	Singer_Max_1940_088
	Singer_Max_1940_089
	Singer_Max_1940_090
	Singer_Max_1940_091
	Singer_Max_1940_092
	Singer_Max_1940_093
	Singer_Max_1940_094
	Singer_Max_1940_095
	Singer_Max_1940_096
	Singer_Max_1940_097
	Singer_Max_1940_098
	Singer_Max_1940_099
	Singer_Max_1940_100
	Singer_Max_1940_101
	Singer_Max_1940_102
	Singer_Max_1940_103
	Singer_Max_1940_104
	Singer_Max_1940_105
	Singer_Max_1940_106
	Singer_Max_1940_107
	Singer_Max_1940_108
	Singer_Max_1940_109
	Singer_Max_1940_110
	Singer_Max_1940_111



