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A study •• made of the problem ot dltterential thermal anal,yeie ut1l1· 

zing etat1stical experimental design . A taotortal type. of design was chosen 

to yield maxilllum ettioiency or the data obtained ., "Lak•land•. Jlorida Kaoltn 

of commercial wh1 teware grad• wae aele<it.ed b•oause Qf its ,nilat1 n put"1ty., 

Due to the large· nuaber ot ~les to ~ a:o.alyzed • it was :tound .nooeaaary to 

choose a eo:.inme~cial b:rand l'4ther than a •ery pUH kaolin1 te whioh was to'W'l4 

impossible to obtain in sl.Jft1c1•at q~a.ntity . 

A statl•ti•al 2 x 3 ~ 3 t.aotor1al·d•aign wae ~d and the calcUlations 

incident thore'lo made tn detai.l ~ Data, wh1Qh to the eye appeand erra'titc , 

was :round to be ac4ot>table-wJ.thinth& prob'lb1l1ty ltiiita ot error of the 

and three denat ties ot the samples Wl'e antU:rzed to detiu:mine the -area under 

the endothermic reaction peaks u measlll'84 by ~-Al dltf'el'&nttal thermocouples . 

It was tound that cten.e1Ues ud rates beth yi.eld•d highly eigniticant 'V'alues 

and that the 1nteract1on$ ct the two abOW'e'd sio1fi(!ant results when •nmilled 

by a 4iet.r1bution ot ttr•1• these ettec•s were analyz.ed for the regl-aseions 

thenin and wen tound to be signitic~t .in the linear tNnds only . rom thia 

1nd1oation 1 t would seem ev1d.ent that the optimum dens! t y and :rate ot heat• 

ins had not bflen reached in th& liln1ts ot this experiment ,. Replications 

and tvnaces did not yield sign1:f'1c$.llt results when te&ted 'by "1" distr1~u~1on. 

'.h'Olll this it was deduced that the •xP&riment could be conducted With sutt1-

c1•nt prec1o1on under th~ pl'&sen.t: procedure and. conditions and reproduet1b1l1 ty 

obtaiMd irrespective or the turnaee used. EJatnination of the data will 
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indicat• that the leT•l ot the ~wo turnaces ie ditte:rent. but the trends 

Within are tbe same tn both oues . 

A oertain ani.ount or erratic data were obtained du• to lag in h•a•• 

1ng rates and thie d1tt1culty will ba d1scuaae4 . 
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I TROOOOTION 

Two· ot the ne•r conce~ta. and ideas in the reeearch tield •re combined 

in thia study , DifhHntial thermal anal.yaia , while not new in the atriet• 

eat sense , baa only ll'eoently had ·ant real a1gnit1oance attacbfd to 1t . Thia 

, bas been brousht abou• by the e:rtorta of eeural ot the GoY'8rnment agene1ea2 

and othe~• in attempt• to 1ntro4uoe th!s method as a reliable metho4 ot 

analysis ot the clay min.ere.la. 'l'h•• m1n•1'1• w1 thin each group in the 

tollowtng table each blln an idenUoal cheDS1oal anal.yais and: apirice.1 tor-

mula , yet they ditter to i-ather luge extents 1n crystalline and ph,-aioal 

prope:rtiea . 

Kaol1n1t1c 
Al~3 •2Si02 • a'R:a(> 

Kaolinite 

Dicldte 

Na.cr1 te 

Ralloysite 

Al.lop ban• 

_ ~ Clay Minera.ls3 

ntm.or1llontt1o 
.. (llg •Ca)O •.Uta03•5$102 •DHsO 

MontlllOrlllo~i~·nontroiµ.te 

Be1dell1te 

Pyioophyll1te 

Hydrous 
cac•eua Alumina 

Kt/) •3Ale(>36Si02 Al2()3 •!m;P 

MuscoYite Gibbs1te 

Ser1cite DiaSPore 

Potash Clay 

The problem ot 1dentit1oat1on ot almost any ot the mine:rala 1s compli .. 

oated by the tact 11he.t th•ir particle e1zes are so minu.~ that they rea1s~ 

identitication by .tho petrographic microscope and li-t'sy diffraction. .In the 
I 

m1oroacop1c teChniquea 11 ttle suoa.ss has been had tn ge~ting the opt1oal 

proper ties or \he minerals . The 88Jl• has been true w1th X-ray dittraction 
' I 

pa'titerna; the parUolea &re ~so. minute that they tend to g:l.Te band• instead 

of clearly detined lines.' Analya1a by the electron microscope baa pro:nu 
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t1 11 ht c t Of tld.s Uu11 · nt 

u prevented. 1 ta 1deopru d u•• 

th e taotor 1n o consider tlon. the 4 ot s 

othod 01' Malyaia wa.a s.eeii vi.dent. Ditto n tal the l 

otton oot.udd.G bl prord.aa 1n filling; this P• By its 

cannot be uad. to supl)lant 1,1'/! or tu l"Ooo tud . 

~1111.1..um.untal 

11 hA8 

nature tt 

1t o•a otter a powe~ tool Within it 11mitatt~ns to <let tn t u-

ot tb leading wor tn th.le t1 14. It h a b n known ~or o ... 

ttng at 

. :y ed. J;t ia thi 

anal.7 is ru. 
OUl.1 1" phe 

Ditt rent1al. the l :Gl¥s1e 

th• bsor ion o cte~iatio ot the uba ance. It t a e 

la dr1 en ott 

pe · ture u 
' 'fl1.ll J.nonaae ov · '1! t t or 

th te ~ tun will be belo , that ot th · 

It the ditterenoe bet "n th · to · :oera ure ot hi ' b ' the: 

Of ti.• 'llhloh Uhder ea o · e:tj.on e.t tlwt t mpe t!U'e. 

1 ll.lll'll"Ui•u.~-vl.l With a. dlt.terenti 
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the!'lllocouple, s de cribed by ood and Cork,1 and t he resulting plot made 

o:t A T vs. T • a eurve ot the type shown elow •ill be obtained. 

p.T. 
7..-:l= -

-r;..,,,I'· 
By atudyin.g t .b.e looationa ot the endothem.ic peElke, created o.n beat• 

ins duo. to the ab1orpt1on ot tbe heat or 4•oompoa1tion by the aample, it 

ia poa.aible t~ identity each ot the mineral pha•• ~Mnt tn .ample. 

It has been tound by moat all wrk&rs in thia tte14 that the area under 

the endothei'mi e peaka When plotted ae A Tempera:ture vs . Tempe?>ature ta a 

tunetion ot the molecular act1T1ty ot the mineral , this aotiv1tr b.,ing 

characteristic ot only one mi~J-al 1n the group.a 

The second concept wh1Ch llaa come into prOJllinence in the last t1ve 

to ten years eoncerns statistical and oxpeii1mental de&ign aa apPlied to 

research problems 1n all fields ot stuay. O.dginally etati•t:l.Cal 4ea1gn 

was ust4 almost entirely on agrlcul'tUJ"lll e:z:pe:riments . Dul-1ng the put 

deoade • howver, due to a large amount ot p1oQer1ng work by the Mll 

l"elephone Laboratori&•, Radio COl'J)Oration ot America, and some ot ttut ou1; .. 

standing atat1t1c1an$ 1n ~he -world• ata111•Ucal de1J1gn hu been appl1e4 encl 

U884 succeas1"Ull.y 1n mo~t all phuee or rei*areh work .9 JlOre and. more ooap~ 
- ~ ' 

U1&8 and J.'eMUOh organizations IU'e Util1Zitlg these deaigna as a Qan$ Of 
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obt 1n1ng highly ett1c1ent experiments. lt has been tound that result• 

ob,ained ttora stat1,lft1cally designed eJ;pe1'1JUe11t8 ~e generally W>'X'• re11a• 

ble than those obtained hom experimenta not utilizing thia method. One 

ot the greatest features ot the statietical analysts ot the data ta that 

the tinal interpretation rests 1n the oom.parieon ot a aeries ot nmbera 

to ceX'tain probability :tunctlona. 'rhie relieves the experimenter Ol' the 

person revi•wing the work ot a large em.ount ot op1n1onattng tn t .he 1nwr-

pr.tat1on ot the resul.ta. Thia 1a no-t meant to CaJ'l"Y the oo:nnotaUon that 

1te.t11't1c• 11 the uniY&raal solution end can replace tunduen:tal reaaon1na 

en.ttrel.7. I~ 4Qee mean, howe••r,• that atatisttcs w~n properly u•d: 1• 

a powel"tul tool t:n. tbe hand• ot tb.9 researcher, espe,o1all:y in untried . -
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?I Rll."'VI OF LI TERA.ro!fi. 

!be theoJfY' ot 41tterential thermal analfa1a is not completely new 

1n the realm ot ceramic research. A• early as 1687, Le- cbatl1er (:Fr. )10 

suggest•¢ that an analyst• ot this iype might proTe beneficial ln the study 

of the minerals ot the hydroua al'lll'lino or hydrous alwrdno- atlioa groups . 

A tew yeus J.a:Mr H. Wallach (~. ) 11 .abblM\ that the methOd worked With 

some precision on tt.se mineral&. Attar th.i s work the method -.s torgotten 

to a large extent until the · past ten years, In a period a1nc 1939 the 

atady by thla method h a been r&T1Ted and considerable work done . To 

large extent th wor was uncorrelated b&tnen the ditterent experimenters 

, until 1945 'fib.en the Bureau ot W.nes· pub11ehed a consolidated paper on the 
.. . . la ' works ot Speil, Berkelhamer, J>alk 1 and DaY1•• • These papers covei- the 

inwstigations or a 1 ge number ot the co»UD8rc1a1 clara found in ~ world . 

In addition, the work ot Speil propoaea a turna.oe design encl te perature 

contl"Ol arrangement tor a Tery nollinal. cost . 'l'h1 s paper by Spell waa unob .. 

~ainable until atter the turnacea used in 'his thesis had been oonatruct•dl 

consequently• they are not u etticient ae the ones propo•A. Nortonl3 haa 

d<>ne most ot the prel1Jllinary WOJ."k in the explor t1on ot the t1eld with 

view ot using the p.roceaa u a mothod or quantitat11'e analyeia . a. ha• 

tound that with oare an anal.7111 can be determined to H.mU• ot ± ~. 

All clays und•J'So endother.m.ic reactions between ioo0a. a.nd 67~0c., tile 

loo t1on or the reaction an4 the heat ot 19action .,.ary1ng tl'o:m:mlneral to 

m1neraii?4 Exothermi.o ~aotio~e ~t approx! tely, 980°0. yield 10-40 cal/l!JIJ. 

tor mo t minerals . A more complete study haa rurther proYen to o'baerrers 
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that clays are complex minerals end miner l ggregates, and exb.ibU -very 

co plex and interesting thermal characteriat1ca upon heaungl-5 • 

the temperatures ot the reaetiona, there ls •uch disagn811,ttnt . Mellor an.cl 

Holdorott16 claiil that a~ approXilaa'ffly ooo0 c. aolinite deoom.po•a to 

alumina,. _a1Ii-0a, and water. The alumina and silic reoomblne at i200°c. to 

ton s11Uman1te • Tbe first reaction mentioned baa l>een J-ather Widel7 

~guea. but li ttlt concrete proot er thi's tq eube'Canttato or io1tu'4t the 

hfpoth••is he.e 'been ottel'ed. Most reecarchere asne. hollr8Ter, that t~ 

alutaina and silica recombine ip JRC)lecill.ar rattos at appronut.el.1 9eo0o. 
as evtd•noed by the rapid exothernuo reaction ooc\UTi~g t that temperature. 

Petrographlo analyst• ot the :resulting llineral ha• bMn proYen to be aullt tel? . ' . . . ~ 

Ina11muoh as the author did not JIUlke any dateJ"lninationa or 1nv•at1gat1on 

along these lines. he can do nothing but r•l81 the theorie• propo,.4 8ll4 

express no opinion ot his own. Actual ly it a not neceasuy in the course 

ot this 1nveat1gation to use any or these assumptions as to 11he~e,r the 

entiro molecule was dttcomJ,>Qaed or Just the onemlcally combln•d water drinn 

ott . fhe inversion t 900°c. was aeS\JMd. to be tlnlllttization 'ot th• aluaina 

and silica, but to~ an elementaiy study euch as waa de here, it we.a not 

important whether the aul.11 t1zat1on occlU'l'8d by the combination ot alUIJlina 

and •1lica separ tely o~ the inversion ot alwnino- bie111cat.. 

The ~cQ!llZll8nded co~atruction ot the nto.kel epeclnlen bold•r varied trom 

one J;'&&ea:tcher to the ne~. Jl?l"t«?a18 used e. bloc~ w1 th two holes ot equal 

size drilled therein. One ot the holes wa.s tor the teat specimen While the 

other waa tor an inert alumina { Alt:P:s) reteren.ce sample . '!'he d1ttereniial 
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thermocouple •• inserted in both, ud the temperature ot the al.Uill1na 

reterence SUI.Pl• used a.e the tempeJ< ture ot the turnace tor plot1;ing 

purposes . Gr1Ja19 found th t by taldng a very pure nickel and measurlng 

the temperature ot the block t a point laterally opposite the s8Jllple 

that equally sat1staoto:ry result• ware obt 1ne4. Thia wae the me\hod tol• 

loW9d. in this study . 

!bMJ. ••• or tl'l.t sample ha• DiO appreciable effect on the height ot the 

~ak value ot the reactions as long as the••• ot the inert sample ,ia in-

cree.aed a l1ke amount-20. Thia wa.a found to be appl1oa'ble on a tew prelim• 

inary analyAa ua1ng ditterent s1~ sampl.ea . 1or this reason the wight ot 

each sample was k:e)t aa neUlJ" couatant as :poaaibl•• · Enmtnation at the 

+ O. OS gm.. of '1a.r1at1on in the weight - , 

ot the aam_ples and tllia a:mount only 1n rathe.r rue ca••· By using a oon• 

atant sample weight the eltmin.atton ot the retennce spec1men ot the 8811l• · 

ma.as as th~ eampl e waa ac compli 11he4 . 

The means ot toraing th• samples tor this at'WS,y waa ditt•i-ent f'J:olll 

that of, Norton and: Grim. Xn thetr work the nm.plea •%'8 to.t"IJUtd by band-pack• 

1ng the mt.n~ra.l being atudi•d into th8 •peol.Jltn cavity around the thel'llOOOUple .• 

By weighing the specimen hol.4er before and after the sampl• had been int%'0-

duced and knowing the Tol'U119 ot th& test hole or ca'f'ity, the dena1ty cou.14 

be ca2.eulated. It ne felt by the autboit that iih1.a IWl\lt~d waa •ubje9t to 

val'iation et a.enai ty 1f1th1n. th• sam,ple, ao uothel" ech_. 111as used: . In 

thlll scheme the sample• were 1'orme4 in s.epa.rate press and a hole slightly ' ,,. ' -~ 

aiilaller than the the-nooouple bead dril1-d therein. 88mplea, When torwtct 
' ~ ' 

in this manner• wre much ore. denee than could be obtained. b7 hand- packing 
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and also more unitol'm, both 1n size and den1i t7 'throttghout,. (see E:iper1• 

menial ProcedtU"e) . 

Berkelhann.•al and oriQn22 ued. an automatic recortUng dev1oe ot their 

own c1ee1gn tor all dete:rminations , This equipmont is rather bulky an4 

cumberso• and, 1nanuch aa it operated at 11\termittent periods of ttme , 

let~ a rather large amo'Qnt ot 1nterpolat1on to be done 1n. completing and 

ple>tt1ne; the e~ea, A mucb mo" sattataotory ~angement woldd be to 

use a. continuoua •lectronic reeo~e:t· as nt done by E•rl"-23 in hie wort 

along these Unes. Dr . Kerr ueea a ultiple setup or apparatus 1n such a 

way s to analyze six sample• s1multaneoualy . This at!'angement 1s to be 

co11111Mtndect try anyone embarking .. upoJl en tnvest1gat1,on ot this type on a large 

ecale . 

oet or the reeearch in this tield h e proven that tbe rate ot heating 

and the density or the eam.ple .at'ttot the height. '.Width,, and con.aequently 

the area ot the reaction peaks . a.tore an~ comparisone ean be made in a 

study ot . this nature the r te ot 1-ating, uas ot' the a&Dlple, 4•nlity or the 

aample, and similarity ot :procedUl"tt m.~st be eetabl1*4·• lt 1a telt tha~ 

here is the ~ate.at need at p1'9sent tn studies ot this nature . Once tM.• 

1• ettected, it is also felt that the thod Will pl'OYe s&t1stactory tar 

commercial usage 1n eupplement1ne the kno•ledge alrea~ exteiing relat1Te 

to the n ture of the minetals being sold or used bl" th~ ceruic industry. , 
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II! 

A • . xauient 

r.o tu:r oee, aimi.lar but ot eza tl1 14entie l 1n des1 , wore oon-

stru.cted • showi in igUn 1 1 age 16a.. Th•• t~no.ces - re d• •lightly 

different tn order to teat that there ·I no ditforen 

between turnacea Q.a use in thia problem. ditf rent·ial s pl& block 

was chined trom 99 . pure h,ot- rolle4 niek l trom a spec n obtained 

trom th• lntom t1ont1l Nie l .C.o ;pany, w YoJ'k . ( • l) • 'l'ho <Utt• 

el'Ontie.l th rmocouplea wre de tro 22 ge Chroal- . 

1 t:..welded t h ti:pa by ua ot aott carbon ol ctrode connected ill 

•r1•• wl th an ao o ve.riabl.$ rheoatat o a llO TOlt o e.ource. 'Ihe &iz 

ot ·'the bea4 ('ormed a CO.liltt'Olle eo that th t ermocoupJ.e wo~d j t allele 

into the nickel block and 1nto th& SQple., ccord1ng to rkelh •l"24, h 

a1u and location . t th• thermocouple 'be d attecta t base ltne ch eter• 

U•cl in aerie a, t:b. model 60- "V'ar1ac• ( oeneral clio Co ratio " were 

used to control the tomperatu:re rate or at1ng in th• turnacea. 

611.,,_~.,.,,,,/ V ie w A 
.E1 ... ; f f"-'e,;J+ 
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a. 

land" norid e.olla. · re ng out 

ot he p ssinc his int 

T stin Unit. , r t e we:r. to d t loa of VOO lbs.• 850 l'b ., 

1000 lb • they N re · th vol d temined in 

•rcury volumeter ceor 1n o a 

then h 4 l/16• ol 4r11l.od to h c 

4 ~Y • The s pl.es 

potnt MU.UkftQ.Y be en 

the buses,. Th.1• hole s ju t und•X"-siz f<:tr th therN.Oaou bead, t us 

in nt1ma e ontac be 4 h · tte . couple . 

mod l bicon Co · 

any, Pb1lade+,ph1e, 

t oo ;(of" r 

d ht\Ytng tnte:rnal 1'$ tsta o or 2 o $ on4 a n 1\S.Vity 

11 o u:re the velo d or ditt• 

eftllt1 l the · couple. A ed o~hrup Po . o.bltt,., ubla .. ronge, o . 

65'1 o en iom&t•r tiee4 to tem.1 th8 ot tbe nt l blook. 

1 p1e e . 4 tn the dr1lle cu1 ty ot the nf 1 tes block and 

th..l!J di.ft ren,lal themoeoup1 1nMrte , one end in ~ toat spectaen, em.d th• 

other to cone•po 1118 int ot . n1o l block t iJlt,Jr tur th•~-

upl• s 1n rted in 1 bole J ltterent1al. b couple 

1n tb.e tc l bloc • 

to th potent! ter t ttterenttal th 

lcknOae ea th• wall su:r-

th ent1 as hly 

ote4 

ou ile lea.de connect through 

resistor to Spotlight lve.nometer. Each 25 0 

ot tb nt ha4 be n Yloualy Mi'O- ., d atenda. d1 
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Ch Develoent o:t the Rate or lfeatiy 

The desired t1me - rate cam was aligned on the •Cap 01 trol", the turnac 

ourrent djuated to 24 amperes with the r+v, ri c" , ~d the current turned on. 

By measuring t h tempera tu.re ot the nickel block w1 th the potentiometer and 

checking the temperatur.- t1me achedule , the r te ot heating ot th turnac 

was determined. An ettort wa.1 made to $11.0otb out thia rate by ad~ustmcmt ot 

the voltage to the low1t •e.lue Whioh would permit the rate ot heating dea1:re4 . 

Om.ca the heating was commenced, th• rate ot ria. w1u1 controlled by the "C&pa• 

oitrol . " By pre- setting the L N l?oDntiom.eter at 20°c. 1nterrale, commen• 

oing at ioo0 c., the till• at wh1oh the nickel test block reached the set val-

u and the galTan.ometer de~1•o.1:1on at \hat tiu coul.~ be dete,rmtned. Errors 

ln nadins• we.re found to be within ± 7 a.coiids tor any individual . An 

attempt' waa nte.4• to ~cord the enot temperature of 'he peak• ot the iteaotioae, 

but due to the rapid: mot'ement ot the galvanometer; especially with the exo.; 

thermic :reaction peaks upon mulll·Uzation ot the Als03 and s1o2, this was 

not as preo1a• a determ1natton as the other Ha.dings . For this reason the 

area ot the xoth•J"!llio re ctiona were not stud1•4. An eleotron1o cont1nu-

ous reoorde:> would be necease.l"Y' to accurately meaSUl'e theM reactions . 

Samples 11ade to 4en•1tiea ot 3 . 39 f!JM/oc , 3 . 6'1 a/cc . and 3 .96 /ct:J 

were analyzed 1n each turnao• ancl t \hAt n.'fl•• or £'GC/ltl1n •• ia0c/m1n. • lllltl 

l5°c/min. A complete repl1oatton ot ~ Jl'Oblelt was msde 1n order to secure 

valid error tor the teats ot a1gn1t}.oanoe in the ataUstioal analysis ot 

vu1ance . It should be noted. here 'hat tl:MI Yalu•• ot dens1ti.ea and rates ot 
' 

hee.t:t.ng ino:reaud in equal inorementa . '1'.beae •re established .1n this matt• 

ner to enable ana}J'ais to ht made ut1l1s1ng a tQ.bl~ ct orthogonal pol7Jiom1als 
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to dete1'lli:ne the aignitlcance ot any trends or :regreaa1ons that may haYe 

Atter the endothermic reactions had gone to com le·tioa , the leads ot 

th• 41tterent1al thermocouples we.re interchanged in ol'd.er that the entlre 

scale ot the WSpotligb.t~ Galvanomete~ might be JIB.de aYaila~le tor the 

reading ot the exo1h9%'111ic reaotion1 which deYeloped a.t llPJ)ro~tel7 980°0. 

In adcU'bion, a 10 ohm. Pl'•Clsion- wound rea1stor •• subati~utad tor the a5 ohm .. 
resistor used tor endotb.er.mio :reactio.na. In the oaeea when the •ndothe.rmtc 

reactions exc .. ded. 100 1111 scale detlecUon, the 50 obll .rea1e$o:r waa inser• , 

ted 1n place ot the 25 olm resistor to mo • the readings back W1 thin tbe 

limi te of' the 80ale t 100 1111) • .. Conftrl!liol'l to the 25 ohm resistor b 11• waa 
then mad• by !.l81ng tll.e calibratl.on curvea ehown t,n S8ctioJ1 v-. Re1t1it1. . . .·. ~ 

D. Plott1y ot the Cun"ea 

OurTes were plotted with the data obtailled uaing galvanollli9ter scale 

nadings Ts . temperature (0c. ). From the calibration cu.nes, 1.t ~be 

•en that the gu'tanometer ~etleot1ona vary 1n a linear manner 1r1tb the temp. 

e:rat·ure ditterentiala. The areas und•r the ondothel'lll1o peak• from point 

ot curvature to point ot tangency wre aeaeure4 by means of a planillleter. 

A series ot three Hading• were ad• "1~ the planillleter end the a.'Yerage 

Before any ot the A111Pl•• wn a.nalyzed the o1rou1 tw -through the d1fter• 
' , 

ential and 'eiaperature theJ'llOOo~p1•• 119re oh•ok•4 by a eeton Type 30 Ohmmete~. 

It was :tound to be most ditncult to locate a b.X'Okfu1 l.ead or thermocouple 
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·Eµl.d. it waa rurther noted: that any thermocouple that p&l!Jsed this teet 

did not bnak during tb.& pro8J1'6.·•• ot the analysts. 

In matntal,n.1113 the l'ietea ·of hea.ting 1 t> waa :toun4 that adjustment• 

ot the "Variac" to 1noreaee th• current 8lllp&r.ge, e.s temperatun tncl:'eaaa4. 

were nec•ssary in all ca.sea. No det1n1 te value or set't1ngs ot the "Vuie.c" 

can be .l1ste4 aa thi varied tl"olli rate to rate . This changing of the 

setting was necessary due to ~he increa"4 t"te:J. stance of the turnaoe wi.na.. 

inea upon haattng. From manutaetuer• s epec1tieatlona26 it could be seen 

that the reeistuo• <1hang•d 
1

rnal'kedl1 at e:ppro~inately eso ... ?5Q0c. and i,t was 

in this ioanse that the greatelt 4hali8~ \n the "V'ar1acf" aettings had .to be 

No explanation ot the ste:t.i4Ucal ana.lysie or :pHeentation ot the 

data will be Jllade here., b'1t the• prooed'Ur9S ·will be a,nalyset.\ an4 pre$$nte4 

in section v, Result•· 

7 . Th• $tatisU,c¥ De•i,e 

Dl 

fhe· de•1sn u.t111•4 .i n this •X.Perb11&nt ts known as a 2 x ! • $ tact"Orial. . 

It le repro4uce4 &chemetlcal.l.y below. The symbol• Fl and F2 r.te:r to the two 

twmae•• uaed; ni. D2, and D3 to ti. ·~ cten~1Ues . (Z.39, 3 .67, and 3.,96 

f!Jf.e/,cc respecttvelf}f end IU, .Ra, en;d. 18 to tb.$ three re.t•e ot heating (9 1 

12, and l.5°0/m.1.n l'eflPGCtiYel.J'}' . 

Fl J'2 
I I 

Rl R2 , RS Rl R2 R3 
I I I I 

D2 D3 Dl P2 D3 Dl D2 tl5 Dl D2 1)3 Dl ll2 D3 Dl l)2 t)3 
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Re:pl.io.atton a 
I 

n :r2 

JU B2 1t3 1U. R3 
I 

Dl I>2 D3 Dl D2 D3 m. D2 D3 DJ. D2 03 I)l D2 03 Dl D2 us 
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IV OBS3Rl'A'l.'I()NS · D Di 'l'A 

'l'h• :following te.blea ot data were Obtained during the co1.ll'ae ot 

this 1nYest1gat1on and :re ri&~QOueed. here W1 th all. comment being ' 

reaet"'red tor "Diecuaaton ot .Results." 



.ua·m l'"l(IJ .U.Ll'l!'~'!'.1.&. Tlil5W4AL . ALITS.lS OF "LAJ).ll, " KAOLIN 

Table fjl 

Replication l Rate l 

Furnace l Dens1ty l 

Time Temp. dR Ditt . Galv . Time. Temp. dH Diff. Galv. 
n.-Sec . oc . 0 c/mn. (mm. ) .Min .-see •. oo • O(;/Min . (mm.) 

000 100 - '1 
~ .. , 

49• 15 60 -6 
1- 20 20 - 7 50""45 00 .. 10 
3- 15 40 - 6 52- 15 500 9. 5 -14 
5-00 60 -6 54--00 20 ·16 
6-30 80 -5 55- 00 40 - 16 
e-oo 200 12 - 4 l57-30 60 -13 
9-45 20 - 4 59 ... 30 80 - e -ll-50 40 - 3 64-00 '700 9 . 3 - 5 ..... 

13- 30 60 2 72-00 20 5 
()) ... - -15-45 ao -l 76-00 40 -4 

19-00 500 10.5 0 78-15 60 •4 
22·30 20 - l 80-00· 80 -4 
27-00 40 - - 1 81- 30 800 8 . 6 - 4 
30- 30 60 - l 85-00 20 - 3 
33- 15, 80 - 2 64-30 40 - 3 
55-45 400 e.e ·- 2 86..00 so - 5 
38-00 20 -2 87-00 80 ... :3 
39-45 40 -2 88-30 900 9 - 3 
41- 50 60 .. 3 20 
43- 15 80 -5 40 
45-00 500 e.9 ... 3 94-30 60 - 2 
46..00 20 - 4 95- 30- 65 62 
48-00 40 - 5 97- 30 1000 9 . 2 0 



Re.pl1cat1.on l Ratel 

Furnace 1 Density 2 

'lime Temp . dH Ditf' . Ga.lv. Tim& T&m]' . fill Di :ft. Galv . 
Min.:-§!e. 09. oc/Min. (mm.) Min.-Sec . oc. OC/Min. {mm. ) 

000 ' 100 9 .:.· · 52-00 60 - 24 .. 
2-15 20 -11 54-00 80 - 34 
4- 30 40 -u 56 .. 15 500 8.9 -.51 
6-40 ' 60 -10 58 -30 20 -09 
9-00 80 -9 ' G0-45 40 -.54 

11-00 200 9 .1 -s 62-45 60 -38 
13- 00 20 -a 64-30 80 - 21 
15- 15 40 -8 66-00 700 9,1 -14 -17- 1!> 60 -a 67- 30 20 •13 ~ 

Cl;) 

19-15 80 'I 69-00 40 -ll --21-30 300 9 . 3 - 7 70-00 60 -ll 
25-45 20 -6 71:-30 80 - 9 
26...00 40 -6 73-15 800 9 . 6 - 8 
28-45 60 -6 75.-45 20 -5 
31 ... 50 80 -6 79-15 40 -5 
34-30 400 8 . 7 - ? 81-30 60 - 6 
37- 20 20 - 9 83-30 80 - 6 
39-45 40 -10 65-00 900 9.4 - 6 
42-00 60 -ll 20' 
44-00 00 - 12 40 
46-00 500 a • .,, -14 89- 15 60 0 
48-00· 20 -15 90-00 70 1.30 
o-oo 40 -17 91.00 00 12 

94-00 1000 9 .5 0 



Table #3 

Replication 1 Rate 1 

Fu.mace l Density 3 

Time Temp. dli. Ditr. Galv. Time Temp . dH Diff . Galv . 
in.•Seca oc. 6 c/JA1Qa (JrJn •) MiS··S!o. oc. 0 c/Ml.n. {mm. ) 

000 100 - 21 51•30 600 9.7 -80 
2-30 20 •24 $4-30 20 .,.94 
S....00 40 - 25. . ~ · .. 57-15 40 -76 
7- 15 60 - 24 59- 30 GO .-4,3 
9-45 80 - 24 61-30 ao ... 30 

ll-'5 200 8 . 5 - 23- 63-15 700 9 . 5 -28 
l.ft-00 20 - 22 65-00 20 -~ 
16-10 40 ... 21 57-30 40 - 20 
18-30 60 -19 71-00 60 -1e 
21-00 80 ... 17 73- 4'5 eo - 20 
24-00 500 75--45 -8 . 4 •l'l aoo 9 . 2 -21 ~ .27-30 20 - 21 77- 30 20 -22 -30-00 40 -24 79-lf) 40 -19 
31-45 60 -27 80-30 60 -18 
33-30 80 - 31 82-45 80 - 14 
35-00 400 S. 6 -34 88-00 900 9 . l -11 
36-30 20 - 35 20 .. 
38-00 40 ...35 40 
39•15 60 ... 36 95-00 60 -70 
40-30 80 -3? 95-45 70 160 
42-00 500 9 ,e - 38 96- 3.0 80 62 
43-30 20 -39 98-50 1000 9.l 0 
45-00 40 -41 
47-00 60 -46 
49- 15 80 -60 



Table #4 

Replication l Ra:te 2 

Furnace 1 Density 1 

'i'ime Temp. dB Dift. Galv . Time Temp . dB Dirt. Galv. 
Min . -Sec , oo. 0 c/!!1n. (mm~} - Mi:n,-s;,c . oc. oc/mn. tmm.) . 

000 100 .. 7 41-30 600 12 -1e 
2-00 20 -9 ~ .. , 44-00 20 -32 
3-45 40 - 7 46-15 40 -44 
5-15 60 - 7 48-30 60 -26 
6-46 80 .. 6 50-00 80 -15 
8-15 200 12. 2 .. 5 51-30 100 11.7 -14 

10..00 20 - 5 52 ... 45 20 -1:3 
11 ... 50 40 ... 4 54-00 40 ..:13 
13-00 60 -3 55-15 60 .:.12 
14-45 ao ·- 2 56-15 80 ·10 -
17..00 500 11 .. a - l 57 ... so 800 12. l -8 ~ -19-ZO 20 0 58-45 · 20 ... 5 
21-45 40 -l 60-00 40 - 3 
24-00 6{) - l 62-00 60 - 4 
25-46 80 - 2 64"'"'5 so ... 4 
27-30 400 10 .. 9 .. 2 67-15 900 12 .. 4 
29-00 20 ..... 2 20 
50 ... 30 40 .... 3 40 
51-45 GO - !3 11 ... 45 60 - 5 
33-00 80 -3 ?2-30 '10 0 
34-15 500 11.'1 - 4 75 64 
55 ... 50 20 - 4 73-15 80 4 
36""45 40 - 4 74-40 1000 12 .0 0 
re ... 15 60 - 4 
59-00 80 - 6 



Table #fJ 

eplication 1 Rate 2 

Furnace l Density 2 

Time Temp. dH Di:ff . Galv . 'l'illie Temp. dH Di:f'f . Galv . 
M1h.=Sec. oc. 0 ct"1n. (mm. } in,.•8."3C • •. oc . 0c/Min . (mm . ) 

000 100 - 9 . ~ .. ; 
43- 15 600 11.6 -57 

1-45 20 - 12 45- 15 - 20 - 65 
4-00 40 - 12 30 - 6 
5 - 30 60 - 12 47- 30 40 - 61' 
7-15 80 - 11 49- 15 60 -4:5 
9-00 200 11.l - ll 51-00 80 - 24 
lQ ... 30 20 - 10 52-30 700 11 . 4 - 17 
12-00 40 -10 54- 00 20 -15 -13-45 60 - 10 55- 15 40 -14 ~ 

to 
15- 15 0 - 10 56- 30 60 - 14 -
17-00 309 11.B - 10 57-45 80 - 13 
18- :30 20 - 10 - 59-00 800 11 . ~-13 
20-45 40 - 10 60-15 20 - 12 
22-00 60 - 10 61- 15 40 - 11 
2:3-15 80 - 11 62-30 60 -10 
24-45 400 12. l - 12 63- 45 80 - 9 
26- 30 20 - 12 66- 30 900 12. 2 - 5 
28-00 40 - 13 20 
29-30 60 - 13 40 
31•15 80 - 14 '7 ~~-45 60 - 3 
33-00 500 .12 .1 - 15 73-30 70 0 
34-45 20 - 15 74- 15 80 90 
36- 30 40 - 18 75- !30 1000 11. 9 0 
38-45 60 - 24 
41-00 80 - 39 



Table #6 
Replication 1 Rate 3 

Yurnace l Densi t y 3 

Ti me Temp. dH Diff . Galv .: Tl tr.a Temp. dlI Diff . Galv .• 
c . oc . 0 c&1n. {mm) . oc oc/ ~1n. (mm. ) -

000 100 - 21 32- 00 600 15 . 6 - 65 
1-00 20 - 24 . , :34- 00 20 - 76 
2- 30 40 - 29 30 - 77 
4- 0 60 - 26 36- 50 40 - 70 
5- l.S 80. · 24 3 30 60 -5? 
6-4 200 14 ... e - 23 40-00 80 - 40 
8 -15 20 - 23 41- 15 700 14 . 6 - 26 
9 ~15 40 - 23 42.-45 20 - 21 -10- 30 60 - 22 44-15 40 - 19 ti 11 80 - 21 45- 30 60 - 19 -1.3-15 500 15 . l - 20 46- 45 80 - 18 

14- 30 20 - 18 48- 00 800 14 .. 6 - 17 
16- 0 40 - l 'l 49-15 20 - - 16 
l?-45 60 ·- 19 50-!30 40 - 16 
19-0 80 - 20 51-30 60 - 16 
20- 3 400 14. 6 - 22 52- 30 80 - 16 
21-45 ' 20 - 23 5 45 900 l . 9 - 15 
22-4 40 - 25 20 
2:3- 4 60 - 28 40 
25- 0 ao - 28 ,57 ... 30 60 ... 5 
26-15 500 15 . 2 - 29 513- 00 70 - 3 
27- 15 20 - 31 5 - 45 80 94 
28 ... 1 40 - 34 90 0 
29-30 60 - 37 60-00 1000 15 . 0 0 
30- 30 80 -48 



Ta bl #7 

Replication l Rate 3 

Furnace l Density l 

T e mp. dil D1tt. Galv .. Ti me Temp . dli Diff . Calv. 
oc . OC/.Min . ( ) . in . -;:;ee . oc . oc/ in . (xnm . ) 

00 l 0 
1- 2 20 - 4 

- ~ · . ' 36- 00 600 13 . 9 - 64 
2 .. 30 40 - l 37- 15 20 5 
3-45 60 - 2 38- 30 40 - 90 
4-4b 80 - 2 45 -10~ 
5 _ 0 2 0 1$ . 3 - 3 40-00 60 !'!; 

"' 6-45 20 ... 3 41-00 80 -7~ 
7-45 40 - 3 42-00 700 14. 5 - 47 
8-45 60 - 3 43- 15 20 - 2G -

10- 00 80 - 7 44'-30 40 - 20 ~ -ll- 30 300 19 . 0 -10 45-30 60 -17 
12-41'.; 20 - 12 46- 45 80 - 15 
14-l!i 40 - 13 47-00 BOO 14 .9 -14 
16-lo 60 :..14 48- 15 20 -1::3 
18-45 80 - 14 50- 30 40 - 13 
21-1!'5 , 400 14.4 -14 52-00 60 - 12 
25-30 20 - 15 53- 15 80 -12 
2 ·15 40 - 17 54-50 900 14. 7 - 11 
a?~oo 60 - 17 .. 5 20 
28-30 80 -19 40 
30-00 500 13 . 3 - 21 58-00 60 0 
31-00 20 - 23 59-00 no 150 
32-15 40 - 27 60- 00 1000 15 .0 0 
53-30 60 - 3 
34- 45 80 -45 



Table #8 
Repli o ti on l Rate 3 

Furnace l Density 2 

ime Temp . dH Diff. Galv . Time Temp. fill Diff . Galv. 
Min.-See . oc .. 0 c/Min. {nun.) Min.-Sec. oC °C/J, in . ( . ) 

000 100 -4 3S-45 600 14.9 - 51 . , 

l-30 20 - 9 55- 00 20 - 62 
3- 0 40 -11 36-15 40 - 66 
4-30 60 - ll 50 - 66 
6-00 80 - lO 3?- 0 60 -64 
7 .. 15 200 14 .. 0 - 9 38- 30 80 - 56 
8-30 20 - 9 39- 0 700 15 . 2 -45 
9-45 40 - 9 40-:30 20 - 29 -10- 45 60 - 9 41-30 40 - 19 ti 

ll-45 80 - 10 42- <:>0 60 - 15 -
12- 45 300 15 . 7 -10 43-:30 80 - 12 
14-00 20 - 10 44-30 800 15.7 - 10 
15-00 0 - ll 45-45 20 - 9 
16-00 60 - 12 47- 5 40 - 7 
1'7- 00 80 -13 49-00 60 - 6 
18- lb 4.-00 16. 5 - 15 51- 00 eo - 6 
19- 30 20 - 13 53-00 900 15.0 - 6 
21-00 40 -12 20 

' 22- 5 60 ... 12 40 
24-50 80 - 12 57-00 60 0 
26- 15 500 15 . 3 -12 70 110 
28- 00 20 -14 58- 00 80 21 
29- 30 40 -17 95 0 
31-00 60 - 21 1000 15.1 0 
32• 30 80 - 54 



Table 19 
Replication 1 Rate 2 

l'urnaca 1 Density 3 

Time Temp . dliI Dif'f' . Galv . Tl.m.e Temp. dH Ditf' . G6lv. 
Hin , -Seo. oc. 0 e/Min. ( . ), Min.-Sec. oe • OC/Jl.in . (mm. ) 

000 40 - 28 . ~ .. , .o-f.5. 600 11.3 -91 
1-40 60 - 28 42-00 20 -84 
3-SO ·-ao - 27 -45-15 40 - 97 
5- 15 200 l2 .0 - 27 55 - 100 
7-00 ' 20 - 26 "-4.S 60 - 96 
8-30 -40 -26 45-45 80 - 70 
10-10 , 60 -26 47-15 '100 ll.8 - 28 
ll~ 80 -25 49..QO 20 -22 
13-30 500 ll. '9 -u 5.1-00 40 - 18 -11'.o 
15- 20 20 - 22 53- 15 60 -17 CJ') ·-17- 15 40 - 20 55-00 80 -17 
i9-4.5 60 -19 56-50 000 11. 7 -18 
22-00 90 - 19 58-00 20 -18 
24-45 ;f.00 l0 . 6 -20 59- 50 40 -18 
26-'5 ' 20 -22 6o-.30 so -1'1 
28-45 40 ... 24 61-45 80 - 15 
30-30 60 --~ 65- 15 900 12. 0 - 12 
32•15 ao ~ ao 
3.fr..00 500 10.6 • 31 4.0 
35-50 20 - 3' '10-00 60 (50 0 s} - 4 
36-45 40 -59 70 0 
38• 10 60 -48 75 77 
39- 3.0 so - 64 7'2-00 80 15 

73-00 1000 l.l .8 0 



Table f/10· 

Replicatiou l Rate l 

Furnace 2 Dansiv l 

Time Temp. d.B D1tt . Galv . T1lll8 'l'em.p. dH Diff . Galv. M&p,--Qtc. 0 :oC/Kin. (m.) Min.-s&c: og, o:;/m.u. (mm.) ' c . 
000 100 -14 ~ · .. 55- 15 600 9 . 0 -4a 2-30 20 -16 57-00 20 -55 4-30 ··40 -17 58-45 40 -56 
6-45 60 -16 ·6()...30. 60 -49 
9-00 ' oo -16 62-45 eo - 21 ll-15 200 8 .9 -14 66...00 700 9.1 - 5 13-4.5 , 20 -u 69-30 20 - - 4 

16- 30 40 - 9 72-00 40 - 4 19-45 60 ... 9 14:-30 60 - 6 -22-30 eo - 9 76.-3() 80 - 7 to 
~ 25-00 300 e.o -10 78-00 800 9 .0 -a -27- 30 20 -11 79-45 20 - 7 29-45 40 ... 12 81-SO '° - 6 31•45 60 - 14 83-30 60 - & 

33•30 ' 00 - 16 85-00 so - 6 3445 400 e.7 - 17 87-00 900 9 .2 .. ' 36- 15 20 -16 20 
37-46 40 ·-15 40 
39•30 60 - is 9o-50 60 ' 41-45 00 -10 98-00 '10 83 44 .. 30 500 9 .0 - a 98- 30 80 10 
47•15 20 - 10 100-00 1000 9 . 0 0 
49-~ 40· -14 
51-45 ao -20 
53 ... 30 80 -31 



Table ill 
Replicatioll · l Rate l 

Furn.ace 2 Density 2 

Tiae Temp . dli D11"t . 08.lY. Tbae Temp. -dB Ditt. Galv. 
Min ... 319 . !_ ~Oc; , oc1 1n, Lmm•l PlA·,41aS!.c • og , 0 cjJun. . (mm.} 

000 l.00 -13 5S•l5 600 8.6 -59 
2-00 20 - 1'7 . ~ - .. 60-20 20 - 76 
4...()() 40 -20 62-l.5 40 - 75 
6-00 60 - 19 64-00 60 -55 
7-15 ;80 - 18 65 ... 15 80 -1 
9-00 200 u .1 - 16 66.30 700 9.1 - 22 

ll-00 20 -14 68-00 20 - 18 
13-15 ' 40 - 11 69-30 "° -15 
15- 50 60 - 9 'll•l5 60 - ll -18- 15 eo - · 8 ~ 80 - 5 ~ -21-15 300 9 . 4 . ... 9 77~ 000 9.0 - 2 
2'-15 20 - 9 eo-oo 00 - 3· 
26•45 40 -10 62-10 "° - 4 
29- 15 60 - ll 84-30 GO -· 31-30 80 -14 86""45 80 _, 
33-30 400 9.o - l.5 BS-45 900 9.00 - 5 
35-15 2Q •17 20 
37..00 40 -la "° 58-45 60 -1a 94-15 60 -3 
40 .. 15 80 -1a 95 .. 15 70 150 
42-30 500 9 . 4 -10 98-15 80 52 
44-50 20 -18 100- 15 1000 9 . 0 0 
47-15 40 -17 
52-00 60 - 21 
55-45 80 .... 35 



Table #12 

Beplication l Batel 

Furnace 2 Density 3 

Tim& Temp . 4R Ditt . Gal.T. Time Temp. dR Dirt. Galv. 110 ,-s.c. oc. Ogf!1n, (mm. ) Min,-§ec , oc. CC./!1n. (mm,} 

000 100 - 17 56..00 600 a.s -Mc 
2-10 20 - 20 - ~ .. " 5 30 20 -51 
4-15 40 ~21 30 ...Ol 
6- 15 .. 60 - 20 61-00 40 -44 
8- 15 80 .. 19 63-00 60 -30 \ 

l0-00 200 10.0 - 18 6-4.-45 ao -16 . 
ll-30 20 -17 66· 15 '100 9 . 0 -12 
l~-15 \ "° -16 GS-00 20 -10 
15-00 60 - 15 69-45 40 - 8 -ft 17-00 80 •ll 71-*5 60 - 6 -19-45 300 .10 .. 1 - 8 '1'3-45 eo ... ..., 
22- 30 20 - '1 76-15 800 9 .1 - 2 
25-15 40 - 7 'n-15 20 - l. 
28-15 60 - a 82-4.5 40 - 2 
3o-4t5 00 - 9 85-30 60 - 2 33- 15 "'°° 9.G - 10 87-45 eo - 3 
3~ 20 -u 89- 50 900 9 .0 - 3 
37- 15 '° -u 20 
39-00 60 -u ,4() 
41-30 80 : .. 11 95-30 60 0 
43-45 500 9 . 1 -12 96..-30 70 10 
'6-00 20 - 12 7~ 120 
49 ... 15 '° · 15 97- 30 60 a 
51-00 60 - 21 99- !ID 1000 8 .9 0 
53-45 80 -31 



Table #12> 
Replication l Rate 2 

Furnace 2 Density l 

Time Temp • . dR DJ.ff • . Galv • . Time Temp • . Qcr~n. P1tf. G-alv . 
n.-seo. oc. Oc/ n. (rom. ) 1n.-sec . oc . " (mm.) 

000 100 -11 · ': ·· · fl-45 600 12•0 -25 
1-30 20 - 13 43-30 20 - 28 
3 ... 20 ' -"° - 14 45-30 40 - 27 
4-45 60 - 13 t7-15 60 - 22 
6-00 ' 80 - ll '8- 45 80 -15 
8-00 ·200 12.5 - 10 50- lS 700 11.9 - 6 9.00 20 .. 6 51-45 20 -" ' ll- 15 40 _, 53-00 40 .. 3 -13-15 GO - 3 54-'QO 60 - 5 g 

15-15 80 - 3 55- 15 00 - 2 -17- 15 300 U . 6 - 2 5 800 12. 6 -2 
19 20 - 2 5745 20 -2 
21-30 40 - 2 59-15 40 - l 23•15 60 ... 3 60...30 60 0 
24r-t5 •, 80 .. 4 62 .. 30 80 - 2 26- 15 " 400 11.4 ... 5 65-15 '900 12 .2 - 2 
27-45 20 .. 6 20 
29-00 40 ... 6 40 
30- 15 60 - 6 73-00 60 -3 
31-45 00 - 6 74--00 70 76 
33-00 500 12. l - 7 75-00 eo l2 
34-30 20 ... 7 '76.00 1000 11.9 0 
36- 15 40 - a 
38-0-0 6() -10 
40-00 80 · 16 



l' l• #lft. 

plic tipn l ta 2 

ce 2 Densit7 2 

Tille P• dH D1:tt ., Gel • • nme i>• l'>i!"f . Cel.T • 
oc . 'Cc/llin •. ( .) oo. 0 . ( . ) n.-s.c. O./Jfin. 

000 100 -21 . , Q.. ... 15 600 12. l -46 
l-00 20 - 24- 43-30 00 ""55 
3-t.5 ··'° -~ 65-15 40 
5-30 60 -26 • ., ... 15 60 -49 
'l• JJS , 90 -26 48-30· 80 -58 
8-15 aoo l.l. 4: -25 5o-oo VOO l1l.O -22 

lo-30 20 -25 51-30 20 -16 -11-65 ' 40 -- 62-45 40 -14 t.'l ..... 
13-00 60 -2' 54-lS 60 -10 -
14-20 so .. - 22 65-30 eo - 9 
15-65 500 12.6 ... 2() 57 ... 15 eoo 12. 2 - e 
17-00 00 · lS 58-45 .. 6 
19- 15 40 ·15 6()-45 40 - 5 
21- 15 60 .. 13 62 60 - .5 
23-15 ao •13 ·~ 00 - 5 

15 400 - - U .. i -13 66· 15 00 12..0 - 5 
21- J.5 20 -14 20 
29..00 4:0 -1• 40 
3G-4.5 60 -16 110-45 60 - 5 
3.2.-30 so ... 17 ?l- 30 70 -a 
·34-00 500 u .e - 19 ?Z-15 80 1!0 
35-00 20 -20 90 52 
S0-'5 40 - 22 7$-30 -1000 12. 2 0 
58-00 50 - 25 
39- 30 so -52 



T ble 15 

Replication 1 Rate 2 

lurnace 2 Densi ty 3 

j Ttme Temp. Dift . Galv. 'l'ime 'l'elr;.p • Di1':f' . Oalv. 
1Un,-Sec. oq. O<}/ n. .(mm.) oc oc./ .in . ( .; ) , 

000 100 •17 ·> ' •l· l5 600 12.l -so 
l-40 20 -20 42-15 20 -100 
3-fiO . • 40 - 21 '3-30 40 - 120 . 
5-30 60 - 20 '4-4:) 60 -120 
7- 16 ' 00 ... 19 "6- 00 80 -86 
8-50 "'200 ll.8 ~l.9 47- 30 -.,00. 12. 6 -36 

10· :50 . 20 -19 50-00 20 -16 ·r; 
12-00 40 -19 55- 0 40 - 14 N 
13- 30 60 -19 5S-15 60 . , -13 -
l~-00 80 •19 59 ... :30 80 - 15 
16-40 500 12 .0 -19 60- 00 800 ll.7 -16 
18-15 20 -19 61- 20 20 -la 
19-45 40 -18 62- 3-0 40 - 18 
21-45 60 -16 53-40 60 - 19 
24- 30 ' 80 .. 15 64-45 so - 19 
26-00 \ . 4:00 -1s 65-45 900 12. l -18 
28-00 20 - 16 20 
30-00 40 -18 40 
31 ... 50· 60 - 20 59 ... 30 60 - 5 
33-30 80 - 22 70- 45 70 115 , 

35-00 500 11.4 - 26 . '12..30 80 4'1 
36- 20 20 -29 74-15 1000 12. l 0 
37......0 40 ... 33 
35.,,.50 60 -42 
40--00 80 -56 



Table IJ.6 

Replication l Rate 3 

Furnace 2 D&.na1t;y l 

Time 'fem.p. dlJ Dlff. 0alT,. 'l'Ule 'l'emp. dlI Dttt . CkilT. 
ldill 1-&Ga o"• 0~llh hllllh} l&s1•ae, oc. ocLJiiin. ! -· l 

000 l.00 -3 35-00 600 14.l -42 
1-15 20 -s . ~ .. , 

~ 20 -55 
l-30 40 -11 37-"5 "° l 
3-45 60 ~12 39-00 6() - 61 
5-00 ,eo -u 4.0-00 80 - 58 
6·15 200 ,lG.2 ~11 41.-00 700 14'96 ;;.s2 
7-15 20 -u ·" 4tl. .... 5 ' 20· -39 
a-15 ' 40 - 11 42-4.5 40 • 31 -9-15 60 - 11 43-45 60 -23 ~ ).0-15 80 - ll 4"-30 80 - 20 -11-30 300 111.5 •ll 4.5..50 aoo l.5 . 3 -19 

12-45 20 - 10 46-30 20 -1~ 
l+-00 40 -10 4'1-30 "° ~1'7 
10.30 60 - 9 48.;;.oo 60 -16 
17-30 ao - 9 . 4S~ so - 16 
19•15 ~ llOO 15.5 ' - a S0.30 900 15.8 -15 
21-50 20 - a 20 
~30 40 -10 40 
25- 15 GO ~12 ·5~ 60 - 6 
27...00 80 - 12· VO 58 
28-45 500 14.0 - 14 56-15 80 
30•15 20 - 15 58~ 1000 15. 3 0 
31-30 40 .;,.17 .. 

55...()() 60 • 21 
34-15 80 - 28 



1 te& 

2 s1ty 2 

,. Dltt. y • dB ,Dltt,. b Oc OcJatn ( >: oc. oC/ltlft (m) 

100 -17 33-00 600 15.1 -46 
- ': ·· · 3'-15 00 

«> - M 40 
.60 3?-lfl 
80 -'8 

15. 3 ..0-15- voo 1t.; 
20 41-30 20 
4D '2-e 40 
6o ~ 60 -eo -18 "4>'' ~ -15. - 1& 45-50 eoo 15.S 

-13 l!S 20 -17 
-U 49~ -16 

6 -11 '8-oo 60 -15 eo -13 .f.9-15 ao -14 
4.00 14..3 -1• Sl 9 15 -,, ao -1& 20 -23-e 40 -16 .a -.. aes-oo 60 -18 60 0 

26•15 80 -19 '° ,. 
2'/-30 800 lf..S - 21 56-00 eo 0 ao - 58-oo 1000 15.6 

40 -2& 

eo .. 



'!'able #18 

Replication l Rate 3 

Furnace 2 Density 3 

1?1.me 'l'emp . cUl Ditt. Galv. 'fble 'l'elllp . dH Ditt . GalY. 
n-see . oo .. · 0 cL,Min. --~-} llin .... Sec· • oo. oo/lrttn. ( ) 

0-00 100 -17 . ~ · . , 33-tili 600 14.8 -49 
1- 30 20 - 22 35-00 ao -65 
3-00 . - 40 ... 26 36,- 30 40 - 7-0 
4-50 60 - 26 50 -71 
5-30 so - 25 37,.30 60 - 66 
6-46 200 14.8 - 24 38-45 eo -58 
e-oo \ 20 ..-23 4.0-00 '100 15. 0 - '5 
9...00 40 - 23 -0,..00 20 • 26 ~ 
l~ 60 - 22 "2...00 "° ·16 
ll-00 80 - 22 43-15 60 -13 

·12-l.5 300 16.3 -21 44-.15 00 ... ~1 
13-lS 20 - 20 "5• 30 800 15.3 ·10 
14-15 4,0 ..;.1e 47....00 20 - 9 
15 0 60 -17 48-30 40 ,. 9 
16- 30 ' 80 -16 50-00 50 , ... ,, 
17- 45 400 16 .0 ... 15 ~ 51•15 00 - 6 
19-15 20 -u 52'-45 900 15. l ~s 
21-00 40 .:..10 20 . 
22• 30 60 -10 4() 
24 ... 30 so - 10 5?-45 60 0 
26-1~ 500 15 . 2 ~ll 58- 30 70 125 
21-45 20 -12 59...00 00 0 
29- 30 40 - 16 60- 30 1000 14. 9 0 
31-00 60 - 21 
32-30 00 -29 



'?abl.8' #19 

Repl1 cation 2 Rate l 

Furnace l Den•ltl' l 

TU. Temp. dH n1tt. Galv .. Ti• Temp. d1l l>it:t. Gel.v . 
Kin. -sec •. oc. . 0 0f!!in. t l 14111.-s.o • oc. 0 c1t11n . ( ?!llll} 

. ~ -. , 
0...00 100 - l5 55..,.50 600 9 .0 
2- 10 ... ... 20 • 16 57-45 20 - !52 
4-20 40 - 17 30 ... 54 
6- 30 ; 60 - 17 59-45 40 -50 
e-30 . eo - 16 61~ 60 - u 

10-40 200 9 .4 ...15 64-00 60 - 25 
12-45 20 .• 14 66-J.5 700 9.0 - 7 
14-00 '° .• ll 68-l~ 20 ... 6 ~ 

.l6-l5 60 · lO 71- 00 40 -5 ·~ -18• 15 so -- 9 75·1~ 60 - 5 
20- 30 300 9 .S - 7 75 ...... ~ 00 - s 
22-45 20 .. 6 77- 30 aoo 9.0 - 5 
25• 15 -M). -6 79-45- 20 ... 4 

"'2?• 45 60 ... 5 82- 00 40 -4 
30-oo \ 80 -. 84- l.5 6-0 - 5 

' !32~15 400 9.3 · • . 2 8~-45 80 - 5 . 
34-45 20 - 2 89-00 900 9 . 0 - 4 
37• 1.S "° • 4 20 
39· 60 - ?) 40 
42•15 eo ... 1 96-15 ~ 50 ohms 0 
44-30 500 9 .. 2 - 9 97- 15 7-0 80 
45._45 20 - 12 98- 30 eo 5 
49- 00 '° -14 100-45 1000 s.9 () 
5:i ... 15 60 - 21. 
53 .. 30 , ao -28 



Table #ZJ 

Replication 2 Rate l 

Furnace l Density 2 

Tim.a Temp. Dltt. Galv. 1'tle Temp. dH D1tt. Ge.lv. 
in .-Sec. oc. 0 c/M1n. ( ) Min.-sec. oo. °C/ in. (mm) 

0-00 100 -15 ~ .... 55-15 600 9 . 0 •5ti 
2- 15 20 -12 5'1-4.5 20 . - 68 
4-30 ··-'° -12 30 -70 
&-45 60 -u · 5~-45 40 - 68 
9-00 \ 80 -u 6.l-30 6() -42 

ll-15 ·200 a.9 - 10 ' 63•.30 00 -25 
13-30 \ 20 -10 65-45 voo 9. l -1s 
16- 45 40 -10 68-()0 20 -17 -CA lS-00 60 -10 V0-15 40 -16 -4 -20-00 ao - 11 72-30 60 -16 
22-00 300 9.1 - ll 74-45 00 -16 
24-15 20 -11 77-00 800 9.1 -15 
26- 30 40 -u 79-15 20 -13 
28-45 60 -11 81-30 '° - 11 
31-00 ' 80 -11 84-00 60 - 7 
33-15 \ .f.00 9.o -11 86-30 eo - 7 
35-30 20 -12 . 88-45 too 9 . 0 -., 
37- 45 40 -13 20. 
40-15 60 -14 40: 
42•45 80 - 15 95-.15 60 0 
~...00 500 8 . 9 -16 96-15 70 12.5 
47- 1.5 20 -18 91-15 80 15 . 
49 ... 30 40 - 20 99-15 1000 9 .1 0 
51-45 6-0 ;..z7 
55-45 ao -37 



#fable #21 

Repl.1cat1on 2 Rate l 

Furnace l Density 3 

'rlm& Temp. QB Qif't . G&lv. Time T~. dll Pitt . Galv. 
IU.n • - §! o • G oaf . n. (lp!) Jg.n.-sec . oc .• 0 c{Lg.n. (mm:) -c., 

0-00 100 •14 ~ ' • I 55: 600 B. -S4 
2-30 20 • 16 58-45 20 .;-.16 
5-00 . - "° -17 30 - 76 
7- 15 \ 60 -17 . 61-00 40 -58 
9- 30 80 - 17 63-00 60 - 25 

11-45 200 e .. 5 •16 65-00 ao • 12' 
14...00 ' 20 - 15 67-00 '100 9 . 0 ..;.10 

69•15 20 -16-15 "° · 14 - 7 ~ 18- 30 60 -13 71• :50 40 - 3 -20-45 00 - 12 7$45 60 - 3 
25--00 300 a.'1 -12 76-00 ao - 3 
25-00 20 - 15 ? 1$ 800 9 .0 -3 
27-00 40 ... 14 30-45 20 - 4 
29-00 so. - 14 83- 15 40 -' 31•15 ' 80 - 15 85•30 60 - ·3 
33-30 400 a.9 - 15 8'1-45 ao _, 
35-45 20 -15 . 90-00 900 S.9 - 5 3S.OO 40 -is eo 
4()..15 60 ~is 40 
42-50 so - 18 96 .- 60 0 
45 ... 00 500 e.9 - 20 98-00 70 156 
47- 30 20 -22 99 - 80 50 
49-45 40 ... 24 l.Ol-00 1000 a.9 0 
52...00 60 .... 29 
5+.15 eo -44 



Attention Patron: 

Page 39 omitted from 

numbering 



Tab1e /122 

Replication 2 te 2 

Furnaee 1 Density 1 

Tia !'emp. Mt Ditt. Ge.lv . Time ~mp. dR Dirt. Calv. 
1n.•Sec ., oc . 0 c/JJ.tn-. {mm) Jl1n. c. <>c. ·0 af!tn. ( ) 
0-00 100 - ll . , 41-30 600 12. 0· -38 
Z-00 20 -14 45-00 20 -46 
4-00 , .. ,.. 40 - l.S 30 _,,,, 
5-t.5 60 - 15 ·~ 40 -45 
?- 30 \ 80 -14 46-...~ 60 -38 
9-00 . 200 ll .ol . -14 : 48-00 80 -24 

10- 15 00 - 13 49-45 ·700 12. 0 - ·s 
12--00 .a - 12 51-30 20 - 2 -1!5- 30 60 -11 . 53 ... ~ 40 - l g -15-00 80 · ll 55-45- 6() 0 
lS-15 300 12 • .3 -u 5745 80 ·o 
17-45 20 .. 9 59-45 eoo 11.a ·o 
19.;;15 40 -- 7 61·'"50 20 ·o 
21- 15 60 - '5 63-()() 40 0 
~ 80 - 5 64-30 60 0 
25--00 400 la.o 65-45 ao 0 
27- 15 20 .... 5 ~ 6.7-00 900 11 .9 0 
29..00 40 - 6 20 
30-50 60 - 6 40 
32-30 80 .,: 7 J.- li) ·60 0 
U-15 !SOO ii.a - 8 72-00 70 50 -0 75 
35-4S 20 -10 72-45 eo 35 
37~1.5 40 - 12 74-30 1000 12.1 0 
38 60- - 16 
40~15 eo - 26 



'fable #24 

Repli~ t1<m. 2\ Rate 2 

Furnace l Dene1foy 3 

'rime Temp •. dH D1f't' • Gal T,. 'l'ime Temp. dH. Ditt . Galv. 
in.-Seo . . oc. 0c,hun. (mml n.•See . oc • OC/l.!in. {mm) 

0-00 lOO ~1.5 ~ · .. 43-30 600 ll . 5 -'12 
l-50 20 - 19 -'5...00 20 ":'9S 
3-45 ·-- 40 .;.22 46- 15 40 - 106 
5-30 60 - 22 ' 47- 50 60 ... 100 
7- 00 eo - 21 48-45 80 - 78 e-45 200 ll .. 4: - 20 50.:15 700 ll .9 - 38 
lO- lQ ' 20 - 20· 51-50 20 -24 
ll-~ - 40 - 20 53-00 ,0 -1e 
15-00 . 60 - 20 54- 30 60 -15 -~ 
14---30 80 - 19 56-00 so -12 ..... 
15--40 300 12. 7 ... 19 57-45 800 12. l - 9 17-15 20 -10 60-00 20 - 7 
18-45 40 -16 62-00 4() - - 6 20- 15 60 - 16 64-00 60 - 6 21-45 ' 80 - 16 66 ... 15 80 - 6 234-30 ,_ 400 12 . '7 - 14 68...00 900 11. a - a 25 ... 30 20 - 12 20 
27-30 40 -12 40 \ 

·30- 30 60 _ - 11 72-00 60 50 ohu - 3 32-30 so - 12 72- 30 70 0 
35-00 500 ll .4 - 15 75- 15 80 112 
37 ... 00 20 - 18 74-00 1000 10 
38-45 40 - 2:3 
40•15 60 - 30 
42-00 80 -4'1 



Table #2fJ 
Repl1 catioll 2 te 3 

Furnace l l)en.111.ty l 

Ttae Temp. cm l>!tt . Gal.T . Tine. '.?emp •. dfl Dt.tt. Ga.lv. Mtn.-Sec .. oc. 0cl!in. 'mml n .·-S!~. oc. 0 cf..mn. i l 
0-00 100 - ll 33-oo 600 15.l -52 2-00 20 -1• · ". ·· · 

M-45 ao 8 4--00- 4r0 -16 36-30 ·'° - 75 5-30 ... .... 
60 -16 '5 - 75 '1-00 

' 80 - 17 38-00 60 -70 e-30 . 200 11. 8 -17 ' 39-45 80 - 51 10-15 20 - 17 41-15 ?00 14 .. 6 - 27 11-00 \ '° -17 4&-30 20 ·-20 12· 15 60 -17 . 43-45 '° -la l 80 - 17 "5-00 60 -15 -00 • 14-45: 300 15.6 -17 f,6-oQ so -1$ (\) -16-00 20 -1'1 47-00 800 14.9 -14 17-00 40 -16 .S-00 20 - 13 18-l 60 ..,19 49-15 40 -11 19-15 80 - 19 5<>-30 60 -10 20-30 ' 400 1-l. 6 - 20 51-45 00 - 9 21-30 50 - 20 53-00 900 15.l - 7 22-45 40 -- .21 20 
25-45 60 - 21 '° 25-00 80 - 21 57-15 60 - 4. 26-00 500 15. 4 - 22 5&- 15 70 50 ohms 122 27-15 20 - 22 59- 30 00 52 28- 15 40 - 2' 90 12 
29--45 60 - 28 60-415 1-000 14. S 0 31-15 80 - 36 



'r'able {/26 

Replic tion 2 Rate 3 

Furnace 1 Density 2 

Time 'l'emp. dR Dift .. Gelv. 'f1me ~m.p. 4R Dift. Ge.lv. 
LUn , -sec . 0 0cfl41n. Cm> 111n. -sec. oc. 0 o/M1n. (mm} C·· 

0-00 100 -19 . ; .. . 37-00 600 13.5 -66 
1- 30 20 -23 38- 30 20 -Sl 
3-00 ·-- 40 ~.26 40-00 40 ,..95 
4-30 60 - 26 . 41-20 60 ;;.76 
6- '6 ' 80 ... 25 42-45 80 - 57 
7-00 . 200 14. 3 -24 ; '4i-OO 700 13 .. 6 - 36 e-20 20 - 22 4?5- 15 20 - 22 -9- 30 40 - 22 46- 30 40 -19 tA 10-45 60 -22 47-45 60 - 16 -ll-t5 00 ~Jll. 49-00 80 - 15 

13-00 300 15.3 -20 50-15 800 15.9 - 13 
14· 15 20 -19 5-1~ 20 - 12 
15-30 40 · 18 55-00 40 -10 io-e 60 • 18 ~o 60 -10 
18-00 .. 80 ~19 56-00 ao - 10 
19• 15 t 400 1.5 . 6 - 20 57- 2.0 900 · 14. 0 ..;.10 
2().30 20 ~20 20 
22""'5 '° ~19 40 
25..00 60: - 18 61-00 60 50 olnne - 5 
24-30 80 - l.5 61-45 70 0 
26-45 500 15 .. 0 -15 62-15 80 - 0 
29-00 20 •16 90 l.00 
31• 15 40 -19 63-00 1000 14.. 3 0 
3:S.30 60 - .28 
35 ... 15 80 -'3 



~able ff 27 

plication a Rate 3 

Fu:rnace l Density a 

Time p. dH mtt. Ge.lT .. Time Temp •. <>c&n. iDitt·. Galv . Min,-sec. <>c . 0 g/Jun, <•> s1n. :§!g . oQ , (mm} .. 

0-00 100 - 26 
~ · .. 35-15 600 14.2 -eo 

l-15 20 - 29 36- 30 20 - 101 
2-30 . - 40 -3' 37~5 40 -111 
4-00 60 · 33 50 -111 5 ... 15 I ao -32 38-00 60 -1oe 6-30 . 200 15. 4 -31 ; 40- 15 80 -ea 
7-45 .20 ... 30 (l-~ 700 14. 5 - 55 
8-45 \ 40 -29 42•30 20 ·.-45 -1.()...0() 60 -29 . 43-30 40 - !36 t 11-00 80 - 29 44:-45 60 - 31 -12-15 300 16. 3 - 27 ~--45 SQ -50 

13-30 20 -P:l 46-45 800 15 .0 -37 
14-45 4r.O - 86 4.8-00 20 -25 15-45 60 - 26 49• 30 .fs() -21 
l '1a.OO BO - 2!! tU•&> 60 - 19 
is-10 ~ ' 4tOO l~.5 - 2'1 53-15 80 ... 30 

' 19 ... 30 20 -86 : 54-4;5 900 14. 6 - 22 
21-00 40 - 25 ' 20 
22•30 60 .. 24 40 
U•30 80 ·-22 58-30 60 50 ohms -11 
2&-30 500 15+0 "'!3 59-00 70 -10 . 28-30 20 -25 59-30 80 118 
30 ... ~ 40 -3i 90 35 
32·30 60 - 43 6()-3() 1000 14.9 0 
34-00 80 -58 



1'ab~ #28 

liepl1 cation 2 Rate l 

Furnace 2 Density 1 

Time . 're1ap. aB Diff .. G'alY. Ti.Jne . Temp. Dttt'. Galv . 
c. oc. oc/lUn. (mm) Ktn.-seo .. oc. 0 c/llln. . ~ } 

o-oo 100 - .-2() 
. ~ .. ~ 55-30 600 9 . 9 -ea 

2- 15 20 -24 58-00 20 50 ohms - ?O 
4 - 30 • . i,.. 40 ~ 30 - 72 
6-45 60 ... 24 . &0- 30 '° - 69 
9-00 \ 80 - 2S 63...00 60 -52 

11-00 . 200 9-.l - 23 ; 64-45 80 . 34 
13-00 20 - 23 65- 15 ?00 9. l .-31 -15-00 \ 40 - 22 67~ 20 - 30 t; 
1'7-00 60 - 22 . 69- 30 40 - 26 -
19-00 80 - 19 71-15 60 -21 

-21-30 300 9.a - 18 VS-30 80· .. 15 
24-00 20 "'!"16 18...00 soo 9 . 0 . -13 
27-00 4() · 15 e9-so 20 . ·17 
30...00 80 • 16 82-30 40 . - 2() 
32-30 ao - is 83-45 60 •21 
35 ... 15 , 400 8 . 5 . - 20 85-l5 80 - 21 
3? ... 20 20 • 22 86- 30 900 9 . 2 -20 
39....00 40 -~ 20 50 ohms 
41-00 50 - - 24 40 
4S-15 80 .... 20 93-00 60 -- 3 
45-00 500 8 . 9 - .... 29 65 0 
47-00 20 ..... 31 95-30 10 81 
49...00 40 • 35 9?- 30 00 0 
51...00 60 -u 99- 30 1000 9 ~0 0 
55-00 80 - 56 



T'ab1e #29 

.Replication 2 Rate 1 

Yum ce 2 Dens.tty 2 

1lD8 ~I>· o cm Ditt. Oalv. Time «femp. dR Ditf . Galv. 
lin.::Se\C. e .. . C/Min, _,_) 

M1n.-sec . oe. 0 c(mn . .... (•) 

0...00 100 - 15 > · 55-45 600 8 . 9 -62 
2• 30 20 - 18 68--00 20 - 78 
4-<l5 . - 40 -21 60• lf> 40 -79 
7-00 . 60 - 21 . 62- 15 60 · 7 
9 ... 15 60 - 20 64- 15 eo - 34 i1 .. 30 200 8 . 7 • l7 66·15 1100 9 •. 1 - 24 

l 45 \ 20 •lo 68·15 20 - 20 
l~ 40 - 15 70,-30 40 - l.9 ....... 
17-45 GO ~12 -n-~ 60 ... 15 t 
19-45 80 - ll ?s..-00 80 -14 -
21- 45 soo 9. 2 -12 ,,_30 800 9 .0 - 9 24-00 20 ... 14, 80-00 20 - 9 26- 15 4.0 ... 16 82- 15 20 - 9 28-30 60 •17 84- 3(} 60 ... a 
31-00 00 ... 19 86- 45 80 - 7 
33-30 400 9.o , • 19 89-00 900 9 .Q - 6 36-00 00 ·· 19 20· 
38-15 "° • 19 40 
40.,.30 60 ·19 95-'5 60 0 
42""45 80 • 19' 70 130 
~ 500 9.0 - 20 98-00 80 .55 
46-45 ao - 21 100-15 1000 a.a 0 
49-00 40 - 22 

·51• 15 60 - 24 
53-30 ao -38 



Table 30 

Replic.at.ion 2 Rate 1 

Furnace 2 Density 3 

1me Temp. dR .n1rt •. Gal.,.. ''I'S. Temp •. dH DU':r • Oa.lv • 
n-..-sec •. oc. . OC/'#1..in+ {nm) llin. -'Sec. oc. 0c/!Jj.n. (mm} 

0...00 100 • 15 > · *OCl 600 9 .1 -42 
2-15 20 -16 ·57-30 20 - 94 
' 0 ·-- "° -18 30 -95 6-45 • 60 -18 . 60-00 40 -'! 
8-45 80 -le 62..-30· 60 - 28 lO 200 9 . 3 -18 ~ 80 -13 

J.3...00 ' 20 ... 15 67...00 '100 s_.o - ll -15-15 '° -15 69-15 2.0 ·10 t 117- 0 60 -14 '11-50 '° - 8 
20-00 80 -~3 '13-45 60 - 8 
22-30 300 8 .. 9 - 10 16-00 80 
24-45 20 - 10 78-15 000 S . 9 ..: e 
27--00 40 - 10 00.00 20 -~ ? 

29-15 60 •10 82-4.5 '° - 6 31-SO 80 - 10 ~ 60 --s 
33-30 ' ·~ 9.0 - 9 86-45 80 _. s 
35-45 20 - 9 . 88-45 900 9 . 0 - -5 
38.-00 40 ... 9 20 
40• 15 60 ~ 9 40 
4-2- 15 00 - -9 95- 30 60 0 
44- 15 500 ·9.0 -to 96-00 70 125 
46-15 20 - 11 97-45 80 19 
49-15 40 -13 100-00 l-000 9 .0 0 
60- 30 60 - 19 
!':>2-45 80 ·28 



Table /}31 

Replication 2 Rate 2 

Furnace 2 Density 1 

Ti:lµe Temp. 
: 0c~n. D11'.f. Galv •. Time T~p . oo'1itn. DU:f~r-~· :td1 D .-&u: • 004 !mm) Min.-S.e:. !h 

0-00 100 - 22 >· 44-15 600 u.s 6 
l-45 20 - B7 45-00 20 - 90 
3-00 . - 40 -29 4&-46 40 - 95 
5· 15 · 60 - 29 ' 48-30 60 - 75 
7-00 ' 80 .. ?..a 50- 00 eo 6 e-zo . 

200 u .a · 27 51- 50 7-00 U .7 - 22 
10-00 \ 20 c.1& 53-00 zo · .18 -ll- 00 40 - 26 54- 50 40 • l.? ~ 
13-00 60 ~ . 66·00 GO -17 -
14:;30 eo - 23 57-~0 80 • 15 
16- 00 ,300 12. 5 - 22 S8-t5 aoo 1-l..,9 ~13 
17-30 00 - 21 0 ... 30 20 -ll 
19--00 ~ -19 62-00 40 -lO 
21...00 60 - 17 65 0 60 -9 
22- '5 · .8() - 11 65-30 80 - a 25-00 ' '°-0 i2.o. - 19 67.-30 900 11.8 - 7 27...00 20 al7 '20 
28•45 40 -17 40: 
50-45 60 ... 1e 73 .. zo 60 50 ohms -5 
32•SO 80 -19 v4 ... 15 70 0 
~4...:30 500 ll. 6 -21 74-45 00 a.a 
36-15 20 - 22 90 0 
38-00 40 - 25 76-00 1000 11 ~9 0 
39-45 6-0 •31 
41~0 80 -44 



!able 1/-32 

Ra-plication .2 R te. 2 

Furnace 2: Density 2 

T1 Tenm .. dB D1ff. Oal1' . Time Temp .. 0 dR 1)1 ft,. Ge.IV., 
lJin.-.fdttg , , Oc , . ocmw .. (.p) oc,, c./Mip. (I;tU) 

0-00 100 -2? . ~ · .. 42-00 600 U.9 -86 
2-00 20 - 32 44--00 20 ... 111 
3-45 . - 40 - 56 46..()() 40 -11 
5,_50 60 ... 35 . 48.-00 60 -104 
7-15 ' 80 -54 49-45 ao - 52 
9...00 . 200 11.l - 4 ! 51-30 7-00 11 .1 - 33 

10-30 20 -33 53- 15 20 ... 29 
12-oo \ 40 -33 54-'5 40 - 28 -1!5-30 .60 ,..33 56- 15 60 ... 27 ·~ 
15...00 ao - 32 '57-45 eo - 2"1 -
16- 50 300 12. l 2 59- 15 800 11 .• a -27 
18 0 20 - 31 60-50 20 -26 
19•30 40 -30 61...00 40 - 25 
21-00 60 - 50 62-45 60 •22 
22•15 eo 1 6 15 80 -18 
24-00~- 400 12 .5 ""50 66-00 900 12. 1 ... 16 
25 ... 30 20 -~o 20 
27•15 4,0 ... 27 40 
29-00 60 · 28 72-00 60 0 
30""45 80 •28 ?5 106 
55-00 .500 12.1 - 29 73-00 eo 55 
35'-45 20 - 32 95 0 
37-00 ~ - 36 74·1-5 1000 l .2 . l 0 
38•50 60 - 44 
40-15 80 - 60 



' ' 

Table 33 

plication 2 Rate 2 

Furnace z Density 3 

'l'iaJ T$mp . dR D1f:t' . Oa.lv . Time Te111;>. dH Ditf . G lv. 
y~n . -sesc . cg. : o~/¥lns t;nml n . -Sec 1 oc ~ .o9L in. (. ~ 

0-00. 100 - 2? . -:.-• 41-15 600 12.1 -82 
1- 20 2 ... 31 44-00 20 - 94 
2-45 40 - 3G so - 97 
4- 00 ' 60 46-40 40 - 95 
5- 20 80 -ZS ' 48-15 60 
6-45 200 49 ... 30 80 -62 
C:-45 \ 20 50-45 '700 u .• a - 32 -lC-45 40 on-oo 20 - 10 g 

13- 30 60 5!-15 40 - e -lo-oo 00 54 ... 00 60 .... 6 
16-00 300 55-15 80 ... 5 
10• 45 20 56-SO $00 12. S - 4 
2;.--45 40 51J- OO 20 - 4 
2Z...y) 60 61- 30 40 - 3 
24-00~, ' 80 63-A5 GO - 3 
25- 15 400 . 11.9 65-00 80 - 3 
2ci.40 20 .. 59 . 6&- 15 900 12. l .. 3 .20..._oo 40 - 39 20 
SO• OO 60 - 59 40 
31- 45 .ao .. 5a 70-00 60 50 ·Ohms - 3 
3345 5 0 i1 .e - 39' ?l 70 0 
s -30 20 -42 75 80 
36-45 40 . 6 15- 30 80 17 
38-00 60 .51 75- 15 1000 12. 0 0 
39• 15, 80 • 63 



1.'able fl'!A 
Beplication 2 Raw 3 

Furnace 2 Density l 

'I'S.. 'l'emp .• 4R Ditt. llelT. fl1lle TeJap .• 4!l Ditt. Galv. 
81ns- S!c, oo , 0 lM. ~mm) in.-sec. oe. °C/!1n. . (•) : C~in · 

0-00 1.00 -25 . ~ ·· . 3J.-OO 600 16 . 0 ... 74 
l - 15 20 -tea ~15 .20 -83 
2- 30 40 -52 ~-"5 40 ·96 

' 60 50 -97 
. 80 35io-OQ 60 -94 

200 l:S .. 5 36-30 00 - 75 
20 36-15 70Q. 15. 7 ~ QI 

~ 

7-30 "° -50 40- 15 20 -28 -
8-30 50 -41 '8-oo 40 -25 
9-30 80 -42 43- "5 60 ... 25 

lC>-45 300 18 ... 4 """° 45-oo 80 -25 
12-00 20 -35 46- J.:5 600 15. l - 26 
13-30 40 -51 47- 30 20 -26 
15-30 60 -30 '8-45 40 -26 
17-00 ' 80 - 29 50-00 60 - 2'1 " 18-~ 400 16. 0 - 31 51-00 00 -2'1 
20-00 20 - 32 5~15 900 15.4. - 26 
21.•l.5 40 - - M 20 
2a""*l 60 .. 36 40 
.2S-45 ao -38 56-45 60 50 ohma -10 
25-00 500 16. 0 -41 57""'5 70 0 
26•15 20 -'3 58-45 80 125 
29 ... so 40 -4'1 95 0 
28-45 60 -M 59-45 1000 15,0 0 
30-oo 80 -6S 



'?abl• {/35 

Beplicatton 2 Rate 3 

:tuna.ca 2 Density 2 

~ Tille 'l'emp. dB Ditt . Ge.lv. 'l'lme 'rem.p . 411 Ditt . Gal.v. 
M!n. - Sec . 0:g . : 0 cLmn. (m) in.-sec • oe. 0 .c/Jrin. . ( ) 

. ~ ·· . 0.00 100 ~ 35-46 600 .14. 0 
1- 30 20 -{58 37...00 20 •90 
3-30 40 -" 58-30 40 -101 
4-30 i 60 -43 39-15 50 -102 5-45 . eo -60 39•45 60 - 99 
7-00 200 14. 3 - 3'1 ~ 80 -89 

15 20 ... 35 42-QO 'ZOO 14. 3 - 67 (n 
'9• 30 '° -M .43-0() 20 -56 !'¢ 

10-45 60 .. 51 44-15 «> - 26 
12--00 eo - 29 45- 15 60 . 

- 22 
15-15 300 15 . l -2"1 46- 15 80 -20 
14-30 ao -25 47- 15 . 800 14.8 -19 
16-00 4-0 - - 23 ~-l.5 ro - 18 
l? ... 30 60 -22 t.9-15 "° -17 
19-50 60 -22 5()...30 60 .. 

- 15 
21-00 400 14 .. S - 20 51~ 80 -.14 
22 ... 30 20 -19 52-30 900 15. 2 - -13 
24-00 40 .. 19 20 -
26,.00 60 -19 40· 50 ohms 
27-30 80 - l.9 56-30 60 - 5 
29·!30 500 15.o - 21 52-15 70 0 
30-45 20 -24 75 95 
52-00 40 -Z? 58- 00 80 l3 
~15 60 -34 60-00 1000 0 
34""40 80 -46 



Table #36 

Replication 2 Rate 3 

Furnace. 2 Density 3 

Time Te11.p. dH l>itt. Galv. Tia& Temp . 4R Ditt . Galv. 
in.-sec·. oo. 0c/m.n. (mm) 1n • ...Sec.; oc. 0 c/Min. (mm} 

. ~ .. , 

0-00 100 -34 33-00 600 15 . l ... s7 
i ..;20 .. 20 -4l 34-30 20 · 91 
2- 45 40 -48 35 0 '° - 109 
.-00 ' 60 -4.9 50 - 104 
5-20 80 -46 37. 15 60 - 100 
6-40 200 15.0 -45 38-ftS 80 - 90 
7- 00 20 -40 40-00 900 15.0 ..-66 -a ... 30 40 - 39 41-15 20 .54 (.11 

ti! 
9- 45 ao 6 42-45 40 .. 25 

11-00 eo - 34 44-00 60 ·- 21 
12-20 300 l.5. 4 -32 45-15 80 -19 
iz ... 40 20 - 28 46-45 800 14.9 -18 
15--00 40 - 23 '8;...oo 20 -18 
16- 30 60 - 22 4.9- 15 40 ·-17 
17-45 t • 80 -2.e 50-45 60 ... 15 
18- 15 400 l G. $ -2.2 52-00 80 -15 
19-45 20 ... 20 53---15 . ,00 15. 0 -14 
21- 15 40 ... 20 20 
22-41'> 60 -19 . '° 
23 ... 30 .I 80 •19 56- 15 &O 50 ohms - 3 
25-00 500 16. 0 - 20 5?-15 70 0 
26-30 20 - 25 75 97 
28-15 40 - 26 58-15 80 12 
29-45 60 -35 59-45 1000 14. 9 0 
31- :'.\0 - ' 80 ..-47 



I 

TalJle #31 

Data on Denai ty ~ S.plee 

~ Wgt. Air· Factor 1fat .. _Rg. Yao tor Vol . (ces} Densi~ 

Fl. Dl, lU 1.00 .03042 68 . 0 o.5025z - 0 .53 3 . 40 
. ; ... 

1n. lll. R2 l. '18 . 03008 67.5 0 . 4-9883 0 .53 '5.36 

Fl , Dl. BS i .ao 
\ 

.03042 ue.e 0 .. 50252 0 . 53 3. 40 
Rep . I 

1'2.-
. 
Dl., ill i .el .03059 '<>a.-o o .• 50252 0.53 3.42 -tn 

J'2 ,, Dl , B2 1 •. 80 . 03042 67 .0 0.4S513 0 .53 3 . 4:0 ~ 

r2, Dl , B3 1.,78 . 0500$ $? .o 0.49513 0. 53 3 . 36 

Fl , Dl • Rl. 1.80 . 03042 67 .5 0 . 49583 0 .53 3 . 40 
'f, 

\ . 
Fl , 0l>l . B2 1.81 .;03059 oa.-o '0. 50252 0 .55 3 . 42 

Fl, Dl , l3 l.·81 . 0!5059 :68 . 0 0 . 50252 0 . 65 3-. 42 

:a.p. 11 v2. l)l , lU l . 80 . 03043 6? . 0 0.49513. 0 .53 3 .40 .. 

F2, :DJ., R2 i .. eo . 05042 66 .0 . 487?4. 0 . 53 3 . 40 

1'2, tu. , R3 i.so . 03042 61 .0 . ~9-515 o •. os 3 .40 

Dl Awrap D&n.s1ty 3.39 f!}fts/cc 



Table #37 {Continued) 

Data. on De.nsi ty of Samples 

Qode, Wgt. Air Factor '.!lat .. Hg. Factor Vol .. Ceca) Den.sit.'.'( -
n, D2, Rl 1.80 .03042 61 ~0 O. j5.079 0.48 3.75 

n, 1>2, R2 l.80 .03042 
: 62.0 0.4.5818 0.49 3.68 

. -n. D2, ~ . 1.n .03025 -- P2 .. 0 o.4.5818 o . -t..9 3.66 -
Rep. I \ 

1'2., ·Da, Rl l.'18 .o.3008 '62.0 o.a.e1a 0 . '9 3 .6~ 

:ra 
• • l>2, B2 l.80 .03042 s2·.o o.4.5818 0 . '9 s.&e -g 
n , na, B5 l.80 .03042 ·52.0 o •. '6818 o.G 3.68 -
n, D2, Rl 1.'19 . 03025 62 . 0 o .~ 0.69· 3.66 

n, .. J>2, i2 1.a1 . 03059 65.0 o.•6567 0.50 3 . 62 
' , . 

l'l, D2 , 1l3 .l.79 • :03025 :62. 0 o .45818 o.•9 S .66 
B.ep. Il 12, D2, Rl 1.80 . 03042 62 .S 0 . '6188 0 . 49 3 . 68 

\ 12, D2, B2 l . 80 .. 05042 62. 0 o . 45818 0 . 49 3 . 68 

n , 02, R.'5· l .79 . 03025 62.0 0 . 45818 0 . 49 3.66 

D2 A.vera Density 



I 

Air Ba eoa. fla,! • . Ab· he tor llgt . liA· ra~tor Vbl. (aoa) J)lmaitz - " 
n, us •. B2 .1.78 o.03008 5'1.t..0 0.421!5 G. '6 $,.96 

J<l , DI, B2 l .79 0 . 030$ 58.0 0 . 42862 o • ..u 3~89 
·-· .. 

n , De,_ RS 1 . 179 0. 00025 5e.o O. UB62 0.-.4.$ 3~89 

I 
\ -p . 12, ·1)3, 1U 1.79 O.o5025• '57 •<> 0 •42123 0. 45 5 .9'8 
\ 

J'2 • - DS, R2 l.. 00 0 . 03042 57.0 o.42125 o.e 4. 00 

F3, IX3 , RS l.?9 o.-.03025 ·ss.o 0 .. 42002 o·.'6 5.89 
' -. ./ .., 

, n . ll!l, JU i .eo 0 . 03042 5'7 .9 o. •• ~ 0 . 45 4.00 

.r1 .. J>5,, Ba i .. :79 o.03025 ,., 5'1 .9 -0.42.123 o .. ~ 5.98 
>- , . 

n , 1>3,, 113 1.99 ·0. 0302$ ):s1.9 0 . 421-33 0.45 3.aa 
Be}). II ' !2, .OS,, Bl. l.81 Q. 0305' 5'1.5 o.~s 0.4-5 4~02 

" 

ft. D:5, l .vt 0.030!5 5'1.0 o.~ o.46 3 . e 
'12 , ns, Ba 1 .. ao 0 .05025 5"/.5 o.~n 0.45 4.0C 

. ' 



(57) 

Table #SS 

Calibration ot the Ohromel•Alumel D1tterent1al 1hel'lil0oouplt n 

with Spotlight #2'01 Ge.l:vanometer 

Ret. Tag. oR_11 Ba'h '.r p. oo . Tt 0 c. ) a.iv. Defl . 

0 .. • 9 

0 13 l.3 45 

0 19 19 69 

0 20 , . 20 74 

6 25 ms 87 

0 30 so 100 

2. With 50 ohms External Resistance 

.. 0: Rtt1 -1tJJUh . P• !!!th Temp. 00 . f{ oo. ) 08.lv. Detl. 

0 lJ5 15 39 

0 23 23 6'1 

Q 30 30 68 

0 3 5 35 '19 

0 ·'4 '*' < 
92 



(00} 

V RESUL11'S 

A. Gene.ral 

The c~'f'es on the toUowing p~s were plotted trot11 tbe data tables 

in the preceding section . The ourv•a re a result of the beat titting 

line through th~ plotted points . These curves , lettered according to 

the symbolism ado1>t•d tor this· atu4y',. were u.•d tor the de~eminatlon 

ot the ~as aa :repo~ted in Table 39 ot Reeulta . 





























Den.ettf' 1 

Denatt.y z 
X>eut\7 ) 

Deuli1' l 

Denal\7 2 

De»t '1' :3 

(72} 

4na• Under the lndothe•lo Peake ot *'Lak•lend" 
Jl.orids. Iaol1n at Debnslned by llU'terenUal fhtl"lllal ~ai.1 

hplicauon 1• 

hTD&O• t l'V.mao• 2 

Jakl ..... 2 .,. ' (ot&l.• It.'• 1 ·~· 2 
.lat• ' !oW. 

12. 1 20. 1 ~9. 6 92.0 '1.. 0 1.S. 7 44.8 91.5 

31.8 :J5. 4 48. 8 U6. 0 41. 2 38. 5 '6 • .s 116. 2 

'7·' 8'. 4 55.8 1so.e !8. 4 1$. 4 52.S i56. 1 

100 .• 6 129. 6 1:n.e '64. o 

JleplloaUon total • 752. 8 

IQllcaUoi.a. 2 

JllUonaO• 1 ~·2 

Jrat• l lat• 2 .. ,. ' to\t.1• lat• 1 I&~• 2 late l fo\alt 

:n.1 Jl. 6 ''·' 96..0 45. 5 44. l 4). 6 13,. 2 

,2. 8 lQ. 4 46.o 109. 2 )9. 4 51. s 61. 9 1.53. l 

41. 6 74. 2 74. o 189. 8 4J. 2 ,9. 1 71. 0 17). 9 

128. l. ' 155. 6 116. 5 ""°· 2 

• 1608. 0 



('13) 

V USUL.!S (Continued) 

B. §~IUtUstl ... iw!lt!O»fl AMitz:a•• 
The following etatl•Ueal e.ompv.tatloaa are pr•e•ated. tn detail f'or 

eimpU.c1 ty in tollovlx.g through th• anal.7'1• ·Of the da$a ob\9,1ned floom 

mei:ll anal.7J•4. 1'o di•ou•tlon •• •e \hf.!! •tepa taken 'dll be mad•, wt 
.det..S.led oal.culation• vill mad.• b -.oh itep. The theot7 'hbind &11 Roh 

Caloul*-Uone •&1' 'be fouad 111 ~he \extbook by G. V. Sucleool",. 9 St&t1•"1oa1 

Methoda" , the Iowa State Qolleg• Pr8-t., ..Aln••• Jo . · , 1946. All celau.1.,.. 

tiona i ·n the •'aU•Uoal breakdown. of the da~a weJ"• bued on 'lal>le h9, 
page· 72. 

total. SS • 12. 12 + 20. 32 + ••••••• 'll. o2 - C • 82, 2.S4. S ... 71, 824. 0 • 10,4:30. S 

fu.rnaoee SS • (U1 )
2 + (81'2)2 - C • 

1B 
78,. a! + 624. 22 

18 
-o,. 

latte SS • (81. 5 + l00. 6 + 10.S.5 + l.28. 1)2 + &i2 • ~2 - 0 

• 415.~ + ;64 • .s2 + 621. s2 - o • 73,.Soo. o - 71 , 824 • 1976. o 
12 



' 

("14) 

nendtl.•• ss • ~96. o + 1'~~ 2 + 92. 0 ~ 9l.. ~)2 + 'JJ2
2 +; _'!i, _0 • 12 

41 12 + 494. , 2 + 100. a2 
~o. 75, 497. 7 - o. , , 673. 7 

12 

b 'l'abl• 1 - · D•t•nlnaU-on of Iateractiona 
iUt'12A091 * lla\ea 

: I~ 1 Total.• 

l 18? •. 0 228. '1 41S. 'I 

: 2 279. ) 2s.s.2 s64.s 

' l'3..e s ,.0.1 ~z. s 

Total• '18,. 8 Sa4. 2 16oa.o 

4/.1' 

1 

b•t•• 2 

Ju.rne.o•• x Rate• lntM"act.1on {by Di1'1. ) 2 -
Total ~-

•• 
45. :3 

1976. o 

io6. a 
2128. l 



( '7.5) 

SU.b fable 2 - De••Ntc.e.Uon ot Interaction ot 
ra.rnacet x Denatttee 

· 1 2 

l 188. 0 224. 7 

2 !~S. 2 269. :J 

) '10. 6 )30. 2 .. 

'rota.1.• 78,. 8 824. 2 

4/'t 

~·· l 

2 

2 fiJ.l"Da.C•• ~ Den•1tl•s ln~tractlon 
(Diff. ) -

5 

= 15, 908. o - 71,.624. o • 40S4. o 

'lo'\.ala 

412. 7 

494. S 
1100. e 

1608.0 

••• 
4.S. 3 

J67J. 7 

36.5. 0 

4084. o 



(76) 

Sub '~ble ) - Det•rm1:na.t1on of the lnte~a~tions ot 
Be.~es ~ D•ti•iti•• 

l 

1 119. 'I 

2 14,S. 2 

'.3 iso.s 
1'ota1• 4~. ? 

Sub \'e.'ble An.aly•h ot Var1a.nc• 

Bate• 

Dentit~et 

111. 7 

1_56. l 

296. 7 

56 .s 

b.tee· x l')en•i tl•• lnte:taoUQn (~ :ot:tr. )· 

181. , 

19). 2 

d/f 

2 

2 

4 -

25'·' 
621. e 

SUb Total. SS • · 119. ' 2 + ••••• 2.$.3. _f ··- ,_ '4 ·- .-.\ c : - a • 7521. e -

To tale 

412.7 

494. S 

700. S 

1608. 0 

•• 
1976. o 

)673. 7 

1872. l 

7521. S 



(77) 

~·· n 
bt•• :D3 m. m P2 . 

ln 4'.3. 2 64. 6 79. 2 76.; 
12 51. 9 65.a 161. 6 s .a 
JO 92. 9 94. S 129';8 88. 4 - •• ~ 3 ·- -To tale 188. 1 225. 2 :;10. 6 224. 1 

nenet t.l•• 

h~•• x Deneitiea In.teruUon 

Furnaces x .· tee X DendUe· Inter tion 

n 
D2 1>3 

ao.6 71.6 

' 90. '.) 1.).S. 1 

9S. 4 1aJ. 5 -269. 3 ::t~o. 2 

,(/f 

1 

2 

4 - · 

'total• 

4lJ. 6 

564. 6 

627. 8 

i6oa.o 

•• 
4$. 3 

1976. o 

367). ? 

1872.l 

106.S 
)65. 0 

l9B. l 

8237. () 

Sub !ote.l SS• ;~J,Z2,t 6!t,,62,t ,..,, t2~,;52 - 0 • 80,061. 0 ... 71,824. 0 • 8 ., 237. 0 
! 2 



Souroe• 

Repl t.ca tiona 

~oee· 

llatet 

Denet tie• 

'.rU.rnBOH· :x late• lnte~Uon 

(?8) 

'?able f~ 

d/t 

1-

l. 

,2 

~ 

a 
~e• x Dena1Ues tnteTaotion 2 

26tet s Denli tl•• JnhJ>aoUon· 4 

J\tl"l.l&Q•• :x lbit.tew: x J:)en1l·tl••· 4 
tnteraction 

Experl.a@ta.l Enar (D1f'f. ) 17 -
'fo.tal.• )5 

te.gelld:.::· - ot Si.gniflout 

SS 

291., 

4.$. ) 

1976.0 

3613. 1 

106. 8 

365.0 
18?2. l 

199. ·~ 

190·2. 2 

10430. , 

x $tgnif1oant., .r • 0 •. 05 level 
a Highlt Sipif'ioant. 1' • · o. 01 level 

MS ' Slgnit'1cance 

291.3 2. 60 

~5. , -
988. o 8. 84 .n 

1836. 9 16. 41 D 

.SJ. 4 

1)2.S l . 17 

· 468. o 4. 18 x 
49. $ 

111. 9 -



(79) 

tee 

De:ns1tiet Bl 82 aJ 

in 119. 7 111. 'I lBl. J 
n2 14.5. t is6. 1 193. 2 

l>3 1.so.s 296. ? 2,53. 3 
,· ' - ;1 • · 

'lo\&1• 41,5. "1 ;64. 5 627. 8 

A. hCtH ion o-f the .Jtatff 

Rn.\•• 9°0/Mi ti. .12°'.0/Mln. 

,tum of Rate• .ill D'• 41.5. 7 ,564. 5 

Linear !re:nd.1 + 0 

~n.iiO 'l':tende +. - 2 

SS due le U.near ~.eO'••• ioh • ( 41,. 7 ... . O + 621. 8 )2 
2 x 12 

ssi, • 1874. 4 

$S due to qµa.d:ra.t1o :t~gl"e&aiotta· (41:.S. 7 - 2(564. :S) + 627.8)2 
·. tt ,. ! . t 6 ... 

1
_
2 

,;_· { ~ t Ir 

S$i, • 1874. 4 
~ SSq . .; 101. 6 

'lot-al• 

412.~ 

494. $ 

700. 8 

1608. 0 

1S~O/Mtn. 
627. 8 

$02 

+2 so2 

'l'otal • 1976. o • SS Jr.ate• t determined 1n 
Sub 'fable :3 

• 2 

.. 6 
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:a. Reg:tudon of the D&nei Uet 

Dtmt1\1ea 

Sums ot De•1U•• (All 

Li.near 11'.rencll 

quadn\to fl'•~ 

1 

Rat••} 41~. 7 

• .. 

as Ltn•at" • 34.58. 4 

SS ~:ratlO • 21.5 • .3 

2 ' 494.s 703. 8 

G 

- ! + 

l'JtoW • J67). 7 • ss for lhm.ett1•• 

trottt ~'b fabl• ' 
' 

so2 • i 

so2 
• ' ' 



Sub !abltt 6 
hterm1nation o-f the Begreteion Equ.a.tlons f(f?" Rea.Ung Bat.•• - Method .of llee:et S ante 

llearrangemen.t of the Data 'f~'J! S1mpl1c1 t7 ot Qalau.l tion 

lleplloatlo~ 1 
1u.rtl8.Ca .l ~· 2 

l>1 1>2· ~ m ll2 D.3 ( 
lat• Area Rat-e Area lat• ... ·~· -- Ba.te. Ana Bat• Jr• 

9 l 1 9 ;1.a 9 J7. 6 9 ~LO 9' 41. Z 9 28. 4 

12 20. ' 1.2 ).S.4 12 87. 4 12 15. 1 12 38. S 12 75. 4 

' 15 59.6 1,5 48. 8 l.5 ss~e 15 h4. S 15 ,6.S l.S 52.S -· -~ ~ 
_,... - -------~ - - - ~ - - -3' 36 36 36 156. 3 

Q), 

~tels '6 92. 0 116. 0 ,6 'lBo.e 91.S 116. 2 .... -
Bepllcat1on JI 

hrtmee l Fa::rnace 2 
\ . 

Dl D2 D) DJ. D2 11; 

Bate kte"a Bate .Area Rate Ar• Jla.te Are .. ,. Area Rate Are 

9 31.l 9 32.8 9 41. 6 9 45.5 ' 39. 4 9 4,.t 
12 :n. 6 l2 30. 4 l.2 74. 2 l..2 44.1 12 Sl.8 12 59. ? 
15 :33. , l.5 46. 0 lS 74. o lS 43. 6 15 61. 9 lS 11. 0 - - - ............... - - - - - - :--- -

fatale )6 96.Q :36 109. 2 ')6 l.89. 8 36 133. 2 '6 lSJ.1 ~ 173!'9 
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l'l•term1n.at1Qn O·f the Conetants 1n :the liegl"estion E~t:ton 

T • i • '.b(:s ... i} hei-. 

T • &.ttf calcula.t..d. v-alu• of ~ea wlilet' the. oune 
J • th• mean of' all &Ha.e, at all ratee, all d.eri•1 Ue•, 

and all tu.~•• ( b4. ? •q. cm. ) 
b • ~ regre11ton C6efflotn• 
x • 4'1J:f value Qt baatlng rate 
S *' ~e mean heattn,c rate (12°0/mln.) 

' I 

llo'l'ree\lon fene s c% • <o:>2 • 4)2! II=: 5184. 0 
tr. ''"')6" 

Cq t= iW 11~!1.l • <~1g} pQo.§1 • 19,296. o 

' iegl'•••t.on 1'o\el•i sx2 • S400 · ... $184 • 216. 0 
S_J:( • (9)(12. 1) + (12) (20. 3) ~ ... ,..(15)('7t. o) - OX1'. 

• 19,932. , - 19,296. o. 636. 3 

Jlegre .. 1on. Dile to 'lrea.tm•'u s:i:2 * 36i 2 + 3622 ...... :36i,22 

' • 5184. o - 5184.o. o. o 

Slf • (?6)(92. 0) +. (36)(u~'·o) + •.•• (J6H173. 9) ... c~ • . . l . . . 

=r 19,.!96 - 19, 296 ~ o. () 
S1nc• ther; ie no regr•11Siou ot treatiun1i1., no corr•ction ts neoe••arr therefor $.114. 

b it !~ lit filW ~ 2. 95 
tX 2f5:0 



S'o.b Table ? 
Delerminatton of th• bgl'6nlon Equation ~or Den.al ties - Method of Lo&aet Scri-ree 

Replieat.ion -1 

B2 . It) 

...... ~. .lr Dene. Attea Dens. Area t>.e:no. Area i>enu. Area :Dem. .Area 

' :J.'.39 12.l l.:39 20. J ~39 .59.6 j . :39 ::n.o '·" 15.7 3. 39 LJ4.a· 
. 3. 67 31.8 3. 6'7 15. 4 3.67 4£'.,S , . 6? 41. 2 :J. 67 38.s 3.67 '6.5 

) . 96 ·52. 5 ' - ' - - · a>· 
\....\ 

11. 02 13)• 8 -
\ '.'3.96 j?. 6 3. 96 87. 4 3. 96 55. 8 :3. 96 28. 4 3-96 l'/:S. 4 

~ '·' - -- - - - - · ~ ~ - - · !otal• u . 02 81 • .5 11.04 ll:J.l 11 •. 02 164.2 11 .• 02 i oo.6 l1. t>2 129•6 

hplie&tion 11 

~:i ll'u.rnae• 2 

11 B2 ., Il 112 JO 

hn•• Al"ea D•ua• J:rea Dens .. A1"ea Den-. Area Dens. Area Den•• ......... 
3,39 31.l ,.'9 '.31. 6 3. )9 33.) '·11 45.5 3.J 9 1.~4.l J•3 4,. 6 
3.67 '32.8 :3.6? 30.4 3. 61 46.o J.67 39. 4 3.67 .s1.e ;.67 61.9 
3,96 41:. 6 3. 96 74. 2 J.96 74. o 3•96 l.i.J . 2 J.96 59.7 3. 96 171. 0 - - - - - - ·- ~ 

,_ 
. ......__... -... ... -Total~ ll. 02 105. 5 11. 02 1,,6. '2 ll. 02 1.5'.3.J 11.02 128.l 11. 02 155. 6 11. 02 13:;.a 
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J)e\en1nat1ol'l ot the Qonatanta in the Regrest1on l!lqu.Uon 

T • 1' + b(x ... I) wlleH 

., 
T • a~ cal.Ctl.'.1.ated value of area lliad.er tht C'IU"'r• 
f • the mean ot all a:r•aa, at all i-ate • 

and &11 ~·• '( 44. 7 ·•\\· cm. ) 
b • tlle regre••lon co•:tf:tcient 
x • U1' Tal ue of denat. '7 
i • mean dene1tr (4. 49 l!Jja/co) 

all den..S. tie• 

2 ,· 
· Oon•otion '!•••~ '°- • (BX) ·• 132. 2~ • ~$ e 

n ' '3'6 . • . 
c . • '~'2 <u2 ·<i61. 64> <16oe. o> ,..,. n .. )6 • S9o6. ? 

Jlegi-e•don. !o tab ; s'lf • :3. '92 • :3. 672 ·+ ••••• ). 962 _ ct • 
• 487. 1 .- 48;. s •. l . 9 

srt' • : tJ. '9 ) {12. 1) +t~. 6?) tJ1. s>* ····•·:·(:J.96) (11. 0) - c~ • 

• $989. l - S906. 7 =- sz. 4 

llegr-•••ion ~ to Ti-ea\m8xih : S~ • C;~~, 02!2 (l,.iJ - Ix • ~,5. B ... LJ85. 8 • o. o 

m ·• u.1, 02U§. i~ 2 "'.: <\\. pilp4J. Jali•uu t&1.1ozH1JJ.§) .. t;q • 

• 59o6. 7 - $9o6. ? .. o.o 
Sino• th•r• u no r•sr•••1on. o! 't-eatmmt1, no cornction le neoH•art 
\herefor, m1d. : 





( ) 

blfJ 

Final lyala ot Van 

SOU!' 

Ropl1oat1ons 

Furnaces 

ta• 

( ) I. r n4 

(b) 4rat1c Trend 

nen11 lea 

( } LiMu Tn · 

(b) 'tic TnDA 
Into e'ion 

1\lrnacea x Danat tie 

te J; tlen.81 t1tUI 

c• x na~•• x na1 te 

F4Tor 

'rot l 

s • ot Slgnlfioant 
x &16llit1cant t 5~ l•vel 

u s1 itlcant t l , lenl 

/t 

l 

l 

(2) 

l 

1 

( ) 

l 

1 

2 

s 
.,, 
4 

17 -

"'" Si 

S9l.3 291.3 2.eo .. 
.e 45.3 -

187'6>.4 1874 •• l&. D. 

101.6 101.e '"' -

·' ... , 90 D 

2l.tl.3 . 3 1 .92 ... 
1oa.e 55 •• .. 
365.0 l.32.6 l .17 .. 

1872 ... l 400.0 4 . x: 

196.1 .f.9.5 -
iooa.a lll. 9 

10430.5 
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rI DISCUSSIOli OF WU1il'S 

TM.a sec 1on will b ~evoted lt:trgaly to the tntel'pret t1on ot the 

atatiat1oal analysis o vari ee. 011 thie anal.181• h s been oe.loult\ted 

tc'tiona or \ea hJl,>othe •· In thi st t l t r 111 b con ta.ti-ed 

1,..... tor th x ot 4. t 

Jor •tteot• ....,_... 4 to ditt J:itnce1 1n dens!tte .rut r tes ot ha tng. 

Thia t ct 4 beeit ~ov.n by all reaeo.rch&re tn tbie field. HO'lifever, the 

b:re down ot tbeise ettecta shows o trend t vtoualy 

d1·8CUAM4 in the. Utt ,ture s rev1ew4; th• 111) uity or non•l1 ~tty . •·. , 

4• in he 

opt lllll aenai ty an4 r t or h o.tine 
' 

~r e ,pa 1ecn ot thi. t y 1 t t it al• 

low us to eoide 1dth comparit:tvely 18h precision as to whether the 

plotted po1n a 11 on a curv or on et:ro.i. ht line ., It ar.iet bo borne 
,subject 

to c rt in 'Y'ari tions d to t ult7 teohniQ;\18 and due to th rand 

error which ta lnhe:re t wh ev r moa ure - t or , temin tion ot wi.y 

ty i de. Thi is pro bly one ot the ost d1tt1cult ooncep1u1 tn 

not aubj&ot to error. Thia 1s a poor ss ptt 

on hie p t and a re ult, uch val ble t e · " 



in xpe~nt tion 1n atte ing to got roBUlta lfhioh e ctly 4u.p11ca 

e que atlon will 

vl'll!"t ti.on I 1U be allow betore thi 'ftl'l tton ts ron 

ta ratio 

ot t e . sq~ or he ettect being st di. d .to th ittMn 

e.ou.H ot 

ot t . ~ ot 

tt ots or t 

by t t t tmont and 1 :oot . va:datton d clone 1;P .t'ando •rror 1n 

the ana.l)faia., 

ther inv~H.'I i tic of the bn ow ot of the ajor _tt cts 

th vie• to "u4y1 ther a q, · rn•1c or hip!' 

order CUl"le will best .ti a • he.re then are only t 

points plotted., 1t 18 possible to q b tic curve . As 

pir1oal qua.t1on tur the lotted polnta that st1" 1 ht u.ne. to the best 

t1tt1ng curve 'll'ail ble . l1n would 4 by 

th t'ltt ot · 'US.4r ti •oul.4 b ne611 ibl .. " re a n the 

analyai ot nr1anc 

ct ioa ao to what ty ot CUJ'ft to dm aa th 

mw..ues t h.i dcci 1011 tor him. 
' 

other t·~lanmtal con 

n l yzt 
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lat1on. Statistical analysis by its ve17 natlWO works on a probability 

ba.s1s. It 1 poes1ble to draw a sample tro normal :po~ulat1on ot 

kno varitweo ( ·er .t } and known mean {y) nd upon esting find, t t 

ccord1ng to statist1eal an lys1 • t his :as ot the ease. '1'h1a 1 to 

th t a bad s Pl• 1 bo drawn ~o a goo population. S1m11 rly• 

b d saniple l'D.f:\Y y1 ld gooc\ te$\llte. no . ver • t hi _ revertJ&d st tua1i1on 

will occur onl7 tn 1- or 6~ ot t.tll cu1etus d•.PEtnd1ng upon the l .evel ot 

probability use when 

familiar witb ~ttatio will 1 i tol.1 say et he need. not e cb 

his oxpori ent a and th t sul a or his s ·ple are used 

a& predictions tor asults that would be obtained. in slmilu dotorminattona 

upon a l.ars ~ mnoun~. of th populs:ti10ll. Re -gain he ill failing te rec-

ogn12.e e ei tua.tton which actually extsts 1n-eepect1ve ot wl:uJther or not 

st tist1cs is amployo4 in the analyai ot the problem. 

1th thi t ct in • 1 y readily b en thttt JJlO rel1able 

results 8:1' 'be obtained by using eeniral samples; t.e. llW.ke ~plicc.tio s ' 

ot the .xp$riment th d1tterent eampl • to 1nimize ruw ohence ot tlaklna 

a . rediction fro 6. n~n-repreaenta~ive le~ 

B. Di cu sion ot t Interactions or the ~ttecto 

An 1ntel'1)retat1on of the 1ntel'aot1one ot an •xP9r1ment depends largely 

on the nature ot the ,lyeis being pertonied._ Eepeo1a.ll.y tn the tiold 

or ch sto- 0'1" 1.m.y f"ield een the add1 ti on ot eever:al su'b tance are ' , 

de ind pa;n4en~ly an4 Jointly w m o:ften find th t a. a1 1t1cant 
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tnter ction occurs, whtre tlle independent tre · nta re non-etfectual . 

'l'his that this ao bi.u.ation ot the teri la ves t beli (or 

worst) r eult • ,ln th1s xperiment wbero rate and densities both gs: 

h1Gll1Y igni:rioant etteets. the eign1tieance of 'tthe ntu 6iUJci t7 1n~er­

action 1nd1catf)s that it wa ceued y tb.e t ct that th lope or the 

regrea ion ltn tor rate nd deneitiea is d1tt rentt Tiz., 2.95 tor 

r es and 3,3 tor d ns1t1es. _d th~ ett'•cte ot r tee and denaities 

siwiltica.nt. A 'rl,sual stUdy at tl10 two-way table ot ·re.tea and denat ties 

will ahow tbe analyst whether th1 lnteract:i.on Will develop in the cal.cu-

l tione. 

!n thi -: par icUlo.r problo one th tnter c~ion etreet s tJW:ul to · 

be 1gnificant,. the des1rab1llt~f at matdne a regression a.naly-s1& 1s .even 

c. General Coneidera ions 

In thi study one sou.~ce of ve.ri \ion in t~ expe~en al prooedu.re 

s foWtd and f'ter di eoveey could not be c<;11"l'ected due to uns:fll1lab1l1 ty 

or t&J.-1al, Th t lJ.Qkn s . (5/16") or the fll.undUl!l u.ttlo in th tunuwes 

e so gr at that a lag occurred. ln tho ~rm1srn1aeto11 or beat f~ the i'u.r-

naoe w1nd1~s to · th niokel to et e ct en hol »"• Thf.s ceu d the rate 

ot he \1n to toll.ow surging colU' rather than one t Yery unifotm. 

e . It is rec nde4 th t rum.ace ot th type ~ oribed by epe1128 
! ~ 

b u d tn the tudy o dt:tte ntt th • l anal.fat • The only dU'torenee 
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1n the de or1bed f"u.rnaoe and the cne u 4 tn this e~r\llent 1• that the 

torillElr t interior und. This chan would lead w a much mer& :rapid 

di si t1on ot the he t by t • lo . nte d re ~ pid ab r tton by t 

ntc l te t spec n bolder. The ~op on h1G spec n hold r Will pre-

vent irect radiation onto the wrtace or the 

ftC cit:tol• 11 utt1o1•ntl¥: ns1t1 to oo trol t he tins rat to a 

v ey clo 4 sre•• It a lt by·~• w:rttor that tb1s ohan S.n the 

aqu.tp nt would r nder h more con ia ·nt ul:ta. that 1 s, Mduc t 

an qUt.tr& or xpe 

en Uon ( T';;') • h1s. in turn, ould 

con quently e at d :rd 

the ourres ot th endo-

tb.oi-mio us 1;o foll~w a. uoh more . Ul'lito ttarn d quenc ~ 

en d.1 ac l'"ded. s 

s no o 

40 ln this thee1.s1 had u . not be to11 the pplioation 
.. ' 

ta would have 

leas. H.o v i-, st ti~ical alysie prove . that th 

could b xpoct d due to the inb t"ent rand 

&l"l'or er an xpe:t1 nt of this type . A further c ncluston h'om the . tat• 

1.st1cal atl4lysis would proY th t l"UPlleatiol\ ot the .oxperbt&nt la not ex.it! . ly: 

cessary. ~ither is tbs tt ot two turnaaes requ1red in ana)¥2.1ng sam• 

na anot r could conside 1Y o;rt ne b aed upoa 
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VII OOMMAJlY 

B Gd on the :renults ot this axperi ant t follon tat nts . y 

de in B tio s 

l. In analyzing sample tor o partson to tho ple her ln ennl.yzed• 

a replication or the oxi;ierit11&nt is l'lQt ec ssary. 

2 . The :ple c'Ould b• analyzed in o1 thar at both furnace ind! pend•, 

entlf• Tho two changes (l and 2) .could. ·eons1d8"rably sh@ten 

SUbsequeni study along' these llnes. 

3. to qui:pm nt ot d1fterent 11tuisltivtt1 'being used by ost 

&xperimenter , no r•al cort'elation o81'l be obtained t present. 

In attempting orrelat1on, the s ple s1ze• density. r te ot 

h& t1ngt rutd sens1t1Vi\y of th elvanc eteJ!' and thermocouple 

d must all be apooitied. 

• Th ttect due to d neity d rat or heating were Un ar. d 

an opUm: temporat or densi s not reae! ed 1n th scope 

ot thi thea1s • 

5 , The empirical quatioM tor d atty ana rata ot heat big oould be 

used in a tuture tudy tor oorrelat1on ot dat '11th thnt obtained 

here . 

611 ste.tlstical. exper ontal design 

m.oro into . u .on was ·obta1ne4 f 

most us tul in this • ucty a 

the dat than would h ff been 

possible ha4 'this d.esit.-n not been \U:led. The experiment was aa1d 

to be tticient 1n that' resPtet• 

7 . St t1 tic l analyst showed that th ec.:_ontrici ty ot h~ res.ul e 

no more than tbat due ·to rando rrol' which is 1Dhe~ent in 



(93) 

a.ey experiment, surement • or 4ete1'1Unation. 

a. Due to the con isteney ot th result • the method is to b 

co of q 11 t t1 '1 11. and by v1rtQe ot 

work all:& ~ ono laeWhere, a s ot qwm 1 tt. analysi 

1n d.etel'!U1ni the rcent • ot lxt • ot ~l'al ot the 

olq mini la . 
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