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Thl-ough tb.Q yeus numiu1ous. teats<b.8.'f& Jl>t..iu ;dffit,ct 1!0 mtaau•· the ... 

Chtmleal d~·ab1U.ty or glass., Untdrtunateiy·,· ho~ve,,;, tlla t~-1t'1 have been · 

JO nutl$~0WJt a!id .. t~ methods . ~avt <t~lttd so '.~dely' that , the : retsult$ o~ot, 

' . be COlnJ<¢8d With any degree ot aocur,cy. ~~··,the laet tew Weara gla11s , > ·. 

, , Mnutacturers •. ,• te~hrlict~n•• eie.* ,rea:U.itng ···t~l Q.fiepl~~bl_, condittoii, '.•be~ · .. '•' ,·_ . . . . ', ·. - . " .. -- ' ' . '. ' . ,;· . ' 

, ... gall .. olam~riag, t<m . the . adoption ot stande~4 niet~d toit l'llOa~ing thtf ehemi• 

.• ca:t··a~a'b'.f.U.ty -~ appoint•«· 
' .. .: " . . . ' . .,-. -·. :, ; ' .'· •. _; -_, " ··, ; . " . '. 

· · at.id a si-eat a.ea.1 of stu~was si:'vin, tq .'the eoi~l:fltt.on _or 1abot,~tQ:ry tee'\. · 
. •thods • th ~~tienee uruler actual working corut'ttlons. 

·. Th~ "Sult' ot this• cooperative ~$.&arch has demon.st:tated.tlle'.util~tr 

.•e>f the method. tir~ propose'd by tl,.-G~ mu-c;n:$f tfhteh.i$.kn01tn as thei-,1~'.•· 

can•. Ceramic·· .soci~ty ~:ntative Meth6'1.~ • Al.tli<>u~ · tbia ~thod· ts :pne:rall:l • 

.accept~d as ·.a·. etantt~,. it ··.1 a stt1i:·,;oi· Wlthout tau is. ~d•.·w.~:re , a~• .~, · 
. . ' ' ' - ·, '' . ' : , .. -_ ' ' . -.. . ' . . .- - ' - .. _·. . ' . . t'. -· - . ·~ . ' 

·. i-eason~ ,to#.'···o.oub'!;f.nJ,i'VI etfecttvchos~ and practl<;abt:u.t,.·.'. 
Follo~ng, the acceptanC$ Qr ''tliis lllf$hod ,:r the Cllase l)i't1e16ii of . ·. 

Awu.•iQan Ottra.mic Societr •... apM ~t~od ot ;eatthg'Jheehomloat·d@ald,l.itr \ 
.• ot gla,$8 •as·• p~oi,o~•d bva. lf. l)()~~; ~di s~ Sell~l••· that •ttra~t.,· .. thtl ·.· . 
. · ~!ter•a attenti~n •• k~1toue1tn~ tes~ts:•re ob;a1~4:q~ a~tud.gla8$e8 t~. 

:p,:omott the us• ot th1-nieth<>d.,.ttwa$ ·t11t_,ite1•-,<o:piuton t!ult the. m1>thod '' . . :·, . : 'i .. ,:· . - - : . . .. ·. - ._, .._ .. - .. ' . . ·;. ' ' -,, ' . ' ' . '' - , ' ·. 

····•~e· fWldemeritllllr. eoun\!l; ·and .~t•' tw,;tltJ1:i1vest1:ptlon.~ 
. ,,~ 

3, o, <k Bllrllll, .... ~.).o~: ;; : !lOii;l; ~th~ t~ tb,l 1Mt•~21ioll 
· · ot · th• • Solub1l1 tr. ~t ao4a•1.imt ·. 01«aae1"· ,>»-l~ttn;A:n;,ei,1 can · Oe•iJJ ~ooltt;y., . n, 200,..~,., u.,Z4) • · · · · · · · ' · 

4.. lh ,. I)¢Nn, and s. lh Sdhblts. "~bllJ.ty ti Glai5a • ltt1JM.t1ng .· · ... 
t>issoJ.v$4 Alkali l)y ·pH J:HJttr.mtnationtt •. Journal.Ametioan Oe~ffllito SOo1ety, · 

,. !!t, 91-2, (1940). •. 





1s th& eliemi'lal., Jfu1ab1l.U~y ot glaalS thai. Zs~h~:r:5 in• · . 

. ol:uctei auoh .r&S1$i(UlCi .to·. QO~l'odtnj• •senei&s' :lrr his ·.a.etini t~on. or. {Wi,s •. '··, ,, 
. ·- : \ . ,' .. ; - . . ., .. 

pElr~1e4i. ttl'e · ott~n beoaWte :<>t, 1ihe$j i1t•biU ty t,) 'W1th.etan4 'cot.to- . ,, 
,< ,·. · •·. ,,. ·. · . , , ·.. ·!··;:, '"·.'·:·.:c'·· <ii. · , , ,· :., .. : , · .. 

, . $1on. . ,The 11ethodt: ot t1u1titng , gl.aiet : tor t\ll a ·»~~PJii11 ~lluis b~Comt" ot. ~unda• , 
'·•· •ntal intpo,rtanCQ,I! ': 

f~. . . . , 

Befo:r• QO.n$1del11ng . ~he 'bottln$ meth&li• tll~t M'V$ b(ttn -onip1ov•A aha 

those .that ate in use today,· It i~. $.mpo•rtan\s-th~t tlle rmtw1f ot 'the. dec01a-
1· ,•' . . ,,_,. _· .".:._, "• .: . . ,, . ; . ' 

position ot glass b,, water" ana atm(Jsphert"c' ·-~~()iCUI be const,del'ed •. , ' .. ' ,· .. · " 

'. A<tco~cUng to ®ho1-,s\ it 1s,:it~om~~:\Q:••peilk ot the 11olubil.ttt ot a.,'·•··•·•, 
· ·. .. · .. · ... · ' ... ,. · .··· ... • .·•··•··•• . · .... ·. . · l · ... · i. ·· .. ·. ·· · · ·· . · · . . 
glass as we ln)uld discuss tine: SQl•bU.;t ty ot a . $83.t. The act ton is or 

·(litt'U$iOiland,dis1ntegr~t1on and;'ot one•.ot,;w,· .solu'GiQn, :··'the', attack,,ot··· ,, 

water, U.p<>n glaaa i$ highly eezapi.\J, .an~ ce.ntlot'. te accurately set torth. . . , . ' . ( .. - ' - . ,. . •,, __ :,:,· --. .- . . - ' . . . . 

· When 1.110isture ,1,·.in>conta'et;\lfi'h glass, •. it is ,1,.,,11 .. ad80l"b$cl and . 

· , . absotbe4. x~ the soua•U.me eyst~, ~,,.. ,s~U~a.te tri 1each<t4 tr• the date~ · · 

·. Thi$ uri<lei'g¢ii$ by4rolysJ.s i-esulting'tn 'tb; lil>Eti'&.'tion Qf ·•odium ,hydto~it1& 

,· and ool.l0,1dal eilieic' ao14. ·, '.rh~: l<ict~- ~y~:dteJ.itu~rate4 by. 'h• hydl-ol.y~. - ' ' . . ' ' ' . ,_ ,·· ,-. . ' . . ' . ' . . .. 

si& becorJOS a fl~·· on· .t~~ :&W.-faoo ~i' the gl.•jt• . ~ai'bon dl,oxlde 1n 1ihll, ai• . 

llLOsph.et• then 1t•aots ·wi till' this •·· tilla to, to• $(>d.1._ c_Qbo1Utt• · 4$ .a. :1dlit• , . 

5,Za,<,ni-..~, ··1., tn. I»ette!r, '""•~dbuch 4•Jt_).U.ne1alehemS.e.-,. V<>i.·i• 
855, ··.ii. ste.inkoptf; u, Le1p~.1s; .· ltlB. . · · ·· 

. f)... a. R. Scl«>l••• .. Mo@im GlaeJs·Pt~~it'ce. 
Chicago, 1946; ~6•37.+ · · · · · 



ileposl.t. that dul.f$ the :ourtaco ot thG'. •--ip.der •t.ilt\:, cond~tlr>n.e, t>u:t 

. With th~ ~ot alkali••~ 'ihe$e reaot$o~e:~'\Je·.dt.\plic11tttt'·,o•a'•~Ql'~:.Pl't>• 
' . ' ' . 

:ttouhc,eJ dee:r•. 

SCbol•s7 •atutatna that be~\\$;•ot tlite.,insolilbtllt, ot:U.lie .. ~r lime . 

slUoatet 8J14 · the rs:l.3tS.ve 1uo1u1>i;tt1;7 tit fil;lc~· •. theft, matQ~lale .$Dtil 

a; pfotit<ttiYti aettoti wbJoh catl,.;# th$' 1:1ti1a;lit 'tb p~c.at4 m-h llO~ 
':, ._ 

. . . 

,.gQel ·Oll. 

DUt to \ne · t'~c; :that · al)0ut ~r' t~s fJiij}1• pt!odttota: Mnutattured. ·. to~ · 
'. d,ay pre40?111nat, 11f d~a, llm+:t 11 sii1ea/ ali.Ut thai 11 l~aoba<l 't1!¢JA 

t~ sl.a$a .t>y watei-. t?r a\tniosp11,i-.tc · ~gen.;1,s ._1,, ~ir~aU,t >Otn$1de.red. t<>' be all 
· . aode.+ ... It ,ts upon .th.is, theo~ tiuit ~Y of the, d.w."al>lltty ttJeta ai'& bfltstd, · 

. '• '• .- . ' ' . .. ,· :·- ·.-,·····. - ' :- . ' ... - :-··1·- ,· .. , , 

arid ~eeulta are re;Ported as the Wtl:lglit ,it e~iit ot Na.20 ot N$01l l,ach~4 ·· 

trom. the gla$S. by the atta<lking ~~t; . . . . ' ..... ,. : ·. - ',-. - '., ,., 

Eutch8 sta.tt!Hl that the Jfll3thkd$.1n ~11•x-e.1 usj ,tor <lettminfLn~:the c~mt~ .•. ·. 

~l dut-e.bil.lty ~t glass may be. gro~ect; tn' tour cl1.U18'af . . 

(l): :d~tem1nati<>n or the aiij.1i •:ri~a~~~t\ by au aq_ut)~U,11 $Ol~tton tto•· 
a d.it:t.ntte $~tac• ar.a'i~, tlie''ti~i~d gla~$ iai"tlcle •.. 
'aet,:nu.nati()n ·ot thEf 1H:,t~1 •ta.ite.f .at.t.tt1olv,i ··t-:ca. a· A•tlnit• 

$\U':t.'e;~t at•i:6t tb.Q ,,.1,ijh.$4, ~1ilicl.o:b;r elblut!aQ· ot. we.to~; ... 

· ."/ ... s. ·a~· So,lJO:l.eti,·· M04tl"n. Olaas Ptaetice·.: · ·llat1lf,tt1.ai Fublicationet, 
· 194.th 257. 

e,f O • (h Bur.;,b,, ltfleitho<i.es for ~te~ntng tiii <lhiitr4c~i ~ability o:t Soda,-. . . turua GlaaS$$'', llt1ll~t1n Al'.!}a:r,ican qerwn1.o SOe1etr, !h l7i:S • . (l9$6l. . •·. · •· . 
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• t -

1ng .-t~ ·st~a~ ,;tte~ -_ext~c>tlon 1~: t~~c,~.;-.lJeoaue• ot. -the 41ff&tten~: delf~a 
-. ~t ~clita~1on_.Whic,~ dl't(~~•n~- 'sta;~~;::~-~:~it:~~~:::. . - -: --.. , , .. -

· • 9-.-- -·-• o.,- o.--hrori:~ /~tlioi~: tor·l1$t;~;~~,.-::;~. :Oh~~~i ;"~•1>lltt,-·:~ .. ~4'.~-\0·-•-·•-
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ot Stltoa wtth the ·Oxidus: ·9t·· Socl1\JI 'and Potu,1~•-" 3'ouar~l aoc1ety Gl;ats _ 
. ·Technology• !, • 14 .C 1920), , · · . · . _. '."·. · , · . . __ _ 
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· In l:922• ifurna:r11 publi$hed a':revie~ and ort.ttc1sm ~t the difte~ent 

iy:pes of. dUl'a~il1.ty te~ts then in·uaei . Rijgai-<li11g loss iii weight,, a3:.kal1 

~i•t&sol.ved, e·tc•'•' ·he stated tha~ tl}.·;t<u1s..;1Ji .... w1sli methods aree in~oo~ate 

owing to hydration of the glass; Car th~ .~lk~li ;xt:,-acted by ttater !$ in• 
. . . . - - ... · . . .. .· . ' ·. 

accurate o~ing .·to tb.e di:ttereac•• ot't~e tmll, ~(.)ttal alkali dis~olvef; •aria• 
·.· · (3) d$t&tmlnat1on of the •xtracted mate:dal 't~ the bei:Jt method, 'but the . - .. . 

' tim~ el.e~ent is t~o 'pe;at·~ ', 

Oonoerntng the· torm ot the ::gl~ae test$d., .he made the foll.owing stat~ ... 

ments: (1) 1t is neuly impossible to S$CllrEt glass vesaeis of the swne 
si:ze tinu ah~pe; . tl;le · ae.ti~ri of the ,vapor given ~tt by the contained 11qu1<1 · . 

. . . . .- - - ,; ... , ' . .,. . . ' 

also ,,:~;ies froin that et the, liquid' to1" ~1ttet-~nt sha~s ot oontai~c,ra;. 
- ~' . . . ; . . 

soni~ glasses• •xce;pt1onally.dura:bl~.·to hot wat~~ ~e· i~eri.o:c in .·the autQ•.· 

olave test a Md vi ~e versa; • ( 5} .. $~p).es ()t plate• tO'I: 1mme~slon are dift1 • .. 

cult. to prepare and a surface ohtUed by mo*~l d1fte~e h'om an ai~ chilled . . ,. '. . '.. . . - '. 

B\lttao&; and ( 4) in powdered gl.e.~~ th; s~tace ditte~enoes . dUe to O&lldtl, .·• • 

. etc.,;. a,:e · eltmtnaiedJ . the lengtla ()t: Jillle :nee4UJs~ty ~o ·'set .suttiei.ent att,~ck 

~ven · on geod g1&&$e$ $$ greatly ~educ•d .• Ptei plane sUr,f.ace methods • 
. ' . . . ' - ·, _. '. - . . . . 

. . , - . . . . . . 

l.l. ' Wt lh a. ~rnelt, ttortttcai ~nation ot ;lfeth~~s Callll\lOni:y JSQd tn' ' 
Det&m1ning Durab1ltty or Qlruas1t·• .Tournal society Gl&sa Technology-, 6, , 
30•45 ll922)~ ·. • · ,·,,,. ., ••. • •. , .• : < .····... · . ·.··• . .. · . -
12. V. Dimbleby a~d w.E~S. Turn~r, "Relati.onshl~ J!et~&Yl Ghemi'Je.1 ColU1os'1tt~n 
and Reststanee of Gla«!!s to the· Acttofl ot Ohemical R•agents: Part J, •t.ou:rnal 
Society Glass ·Technol.o@Y• . lO; 304 ... 158 (1926) • · · · 

• " • •••c' ' , • > •, • • ,....,...., ' •' •• • 



. . . . . 

. ®let ,subje¢ttd lOg~ samples oft tn.i 1las1 ·,o treatment e~ the b;illng \em- · .. 

pei-a:tn.u:e toi- one ... lJ.9v pe~tods wit).) liiat.,,.; •. e.014:, tUid:aUa1t, --· t11e&.auri.'ri1 
•.. ·· ·; ·. . . - ·, ._ -. . -: - ,.a· - .. ·'· .. - . .. .· 

the loss in •1s?1:t each· inatano$'.,:iim<l titratln$ the··alkalf.. leaelle4 tl'om the 

-gle.$S by water. . Tl)ey clal~ •thi a~vant€tge;' tor their l!lethod, tp b&, ( a) 
' .,_ . ·., 

a:. lai-galr e:x:posed surtace over · 
' . . . . . 

average condition ~t tija ~la~s. .< . . . , 

. . ·. lischer an~ 11'$pchllt, used a ~ek;l;, of ie'c:. of glass ot .· , . -. 
· o.1e·to .. _o.3oimn.; .·this was washed,wJ't;b,,\;,a~ttr':toitr • ., trolft <l1J.it, treat.ea '4,th· 

f>~. ¢0\ of• H;ao to~ a period or 3 ~ptd:s·•~t ee>6;.,·· and 25 cc~· or. the· filtrate 
' . . '• . . .. . . . . . . ,. - :·: ''-,.' ·- ·: . -: . ·, 

•· · wau ;tittritf.ld with N/100 aci4+. th.a ~vabillty was ftXpres.ae~ 1.us tol~ of . 

a.cid -· l"equtr~d. · 

En$sl4 use4' grairi$ of glast O,tf to i.oo . 'tn ,dia?Aetel" and aubje\1~Gd .. 
' - .. :., ,. -:· . _- . . ' . '.' : ', :' ; .· . . ·,. . .·_ .. ". . " ,, 

an·l8•s• .sampl~ of e;laos to tretlt!{leht with 100cc. otwate~-to'l:e&Y•nhoutaJ 

at · 100°~~ ·. the ;Uq~1a was tH:te~l'~rt/•ft.l'Oret(fd .·. to 4~,ru,as, 'ad· tll$ .. 

restd~e wa$ ~?u1ly:ttt4 •· .· Ho · to~ti that ,. tiree.'tment, t<Jir: · 11ev,en ho\U'll a\, 95<>0_. 
. . - '•' ' ' ,- - - . ' .·' . . . . ' ' . . : ~' .,..,~ : . . . . . ' ', ' . . .. " ·-.. .- ' . . . -'' . 

gave. · 3f>;$ ltil$ ~tilact . that · ~o~s: ai J.QO~c~ . ~tt ~haj a .. 1 l/ 2..-ho~ 

1tt•ea1ilae~t·~atl®0c •. gilT~-.2~ 1~.;:~~~~clt tba~ ,~Ve# h~s·a~.- th,··•s.ame .t~~---
perat~.-- Be al•o· c.1atmea.-•tliat•'the(ae~eil ot·wui•alins et ~he· glass haa·· no 

' - . ' ' . ,- .· ' ' ·. ' . . .. ", - : ;:_··; , - . . .. ,-~. ' . . ' ' ,. . ' •' . - ' 

·otf~ct• Ott ; •• t,· ol>te1~•4 bf S. 'pi~ao~_-_ lnl)th.~} bt1t· d~4 •. ·. fdtee\, 

t~1ne4 on e.. :ttn1anedbottie. 

13 •. _ E.11.sche;e Md w.· fep0hl, ttpetei-1nt.nlition ot theSel~bleAlkalt:J,1\ .· •. _ .. •_·., ___ .· ... _. 
Gxiound Glass"• Glastech .• Ber •• 4 {4l l.37••~ (1926h Q,eram. Abs.,, ij (7), 2a9 
[1927). · ·. · .. · ._·. ·. ', · _·· Ji ·: > .•, •· .··. ·. i i ~'- . . i ·. 

14. · 1. Enss1 .· RRele.tioneh.1:P 'et theR~lat1n Watetl' Stability of G).afi•• to • 
Chemical· Oompo$1 tion:11 •· Olasteoh. Ber,. 5. ( 10). :Q9~76 (1928) 1 0$rall. A.b•• * .·· · . ! (10) ?>.1:9.(l928h. ·. . . ·.. . .,. - . . .. , ·. . ... · .. • . . -·. ·. . .. 



At a joiijt meet ins· ot the OQrtttall an.d llh'.t~ish ·Ola.si, ,societies $n 192$ .· 

. · a compromise ,metho~l.5 , 1all1ng tor thl ,a, ot. lQg .. ot or~he<l glass ot · · 

o.s~t~ 0~49•m.· .. id.ze•azld'.treatment fJ;'fi've bour$ "1th·· . .,;ter a.t· 100°0. ,with . 

iubsequent determination c,f tne· d,tt:tsei:ved ~ater1al1 ,•was proposed:. . . . 

. · ,· ·. Fischer·~d Te.pohl.16 tritd tntfltleth~d,·.•.eV.J!Otating.·75 cc. ·Q~·tne .. fil.• 

trate ·to dley'ness>to obtain th& extraet~d ~at,rtal, '.attd. found. results eQnS1$• . 
. . . - . . . ' ·., :. ·. .- .. -~- ... ·-;. -. . ' .. , 

. tent with thosEt 1rne1 obtfiinet t~ eti.iijiJ.' e~~:UEir method.• . 

··. ·. 'sotvinken and ~ehil&'t1 tehl.~ uset. ~;i.~ ~f gla~s ,.ot·detbilte ~aln ..... 
' . , : ·.· , . -, ' . .". -'.> . '.· .. -. ·- ,·., ..... , ' . -'· . :_ .·' ,_,.., ,.-.· .- . 

·. det:trµte tem;petat~$8 tor specift~a p~iiode•·~r"t1 •• • Tl:let found t.htl~· lRh•. 
. . had very, little . attect on the de~~ tir .~1ta;1£ b~i. that (OR .. ) 

. ., . . . .,· •,, '. ' . ··--,- , . - .· . .. . , .. 

attecte~ the ~OUllt o:f eerrosicm;,: 
.· ... · .·. MQlJ,-er r:md . Z~ch1nvner18use<t tp; d~te~m1n1ng alll:al.1 • 

. solved. They llad the, gla11s. to~d; at5 ro<\11, '1/ima,, 'u iiwaeter en.d.125 a. 
· 1n length, ·~n4 $tt!!~nded tht•a& J~·wat~r tq1: .,~-• hours at 9$<>¢., 

. 15. ·. "Proposed StaI1dards tpr Mtt~~tll'ing the .~ibility ot}Jl.asatt~ 
.·. Glas$ 'l'eeh. 1 .M,, .87 · (l~28h 

·.1s •. E. :Wisener ·'atltt w. Tepohl, ·.tt~l.ubtlity o:r <Uasa.s ln Watet", G~steC?-••. 
Ber., i ( 9 ). 5zz..,39 (1~28); ce:i-am., A'be<•• & fl)' e,i· {1929h · . · ··.· .. ·.. · 

. ·.. 17 • ·. 0. ~tvinken .and A. wanoh1l.ev-1t¢~. ttt)(¼p,ncl~nee .of 4l,kal1rte and ··A<:id, ... 
·· oondition ot Gla1=1s, on >.Etdl1ogen~ton ·. C~nc;entratioJJ.s•,; z. ~org. al:.lsern. ·Oh.em.• • · .·. ltis, 35e~60 (l.928JJiCeram. Aha,,,!{~.) G4/1·(l,~9l.•>· · · · 

18 •. W, Moller and !,. Zlijhi~ri 0Sot AllfoJ.:l.ne Solub1l 
Poli ehe4 . JSodtum..-U,me..S111ca Gl.a$Sf.8 aaJ. J:iim:cticn ot th~ 

. Sp i · .. · · · .·· · ·. • · . · · · •· · •l6. (l.92 • .. , · . · · · ·. · .... ·• .. ·. ·. . · ·· · · . 



'; ' ' ·.· •. - ·, -'· .. -•. ' ' - • ' • ', < _·_··. ' .· -.. ' 

. -· suttic1ent. rods that l co!! of ~t•?' ·wa, :Ptiaent for $&eh squart).:Ctilltimeter 

o.t glass eUl'taoe ijxpos$d •. The alka:if ~isaolved. \98.$ tbtn ti,trated. ldth ·.·_ · 

.... N/lOQ -HCl. ·• 1'Jlis method• WQuld~ pr<ibablt gl-va eonsf.~ent 'resul.ts -bu1t the 

','neceasity ot,dra.-ing 'the ,,gla•a$:tn't.o .:r.-odtJ lllak;Q,$ it. •~9_,what · 1a.bOJ"i¢ll8.' 
< ',' 19 ' ' ; •.. · .· • ,, ' > ' ··. -. · __ .,.·_ ,''' < ' ' ' -·. ',. ' . , •. -.'· '.,, '. '' . 

. Schnud · · · studl$d , the·· durability i,,t, s+a.s111n wte;r as t,. fi,motipn>ot · 

time and tet'l1)$1"8.tUNl l)y a. ¢PlldU.titlti l)le'ttl,()dr '.tthe gltU\Jli was lMi:d$ i~. f)h9 

torm or. oyllndrl.ca.l contall'l$t8 . ot defln:1t~ $haps, mid Volume• The 'eilnt,el:ne,rs ' ' ·. _._ ' :· ' ·-, . -_ . . ,.,,· .,·-.. · .;: ,_ ''. ,·' . ' ', ' . .•.•-·: . ; ·-·. ... 'i" . ·, i .- --,_.- ·. 

tainod- at.constau,.t tempe»at~ 'to,,idltint~i ·P@J'1t>difot ti.M, th~ c~rutuctf~ ... ,, . 

tty bei~ •e,u1\U'8il at 1~,e~~$. -•· · _ · . ·,· · • . ·. .·. , __ , _ .. · -
:tn lt30 Re~r2Q. mat~' a Clt1tie£~ of <i~J~tlity iaetllOdli 'then in use.• •4:. ·-·. , . 

I • • , • , • ' •.- ·• ,., -.:·,•._ : .•-•. , ''• •• -• :• ·, • , ' ', •" ,•• :• 

· gen&~el · htll -· stat~cl that ( 1) ~1th ,fui: indreas:tne; i-atto of ve1Ulfle to surta~ -

.. ,_ area* ~od glasstUJ suttet- lets at.t~ot, i,oo~ g~sd,'a ~at,,,, ~ttaek; 
. " ' ... : _. . . • .. , . . ._: ' .... '._,; •'' "'. ,·.' ' ..... · •'_' ' - .'. ·. . . _, . . . 

' ( 21' l•h~ gaets tntl,ul~ce , the (tueJ+tl'e~ ~, l.la\ure Jt ~terial' ll;lt~ae~edl 
;- ·,.·:, ;'·· . ' • , I . ·;,.',.' :·· , . .•: ·,:_ ..•. · .·• '. . . . "-. 

:: .·_' ,·. '. . _',. .,-, -'. : ,- .-_- ·. ·_ ·_. ·,_ :,_ . ,->;•-:_: .. ·-"_._,_·::·. ·__ · __ -:._,;-_-;.--,,- ,,_ ... ·-_.-:.- .. : · __ ' __ ·. ·._ .. t·= '. 
~nd ( 3 l the ma.nnei' ot btomng 9f e()1t'tit,;:L11.e~t1 :na, (ill. tntl~ncef ·on th~ 

durability .. > -

' .. -·. Flt~~ · and l11$2l otter•« . a teat 
·' . ., . '. ' '.. '' 

"·, ... ' ·,: .. '-i'," 

'1he:r:eby' 'bQttJ.$,!a-tfJe:t'~, lillf:icl 

. -·. • 19, c. Sebnud, "Etteet ot Wi,n.·anli Temperature r>n SQl.ub1lf.ty ot Bottle . 
. -, GlaIJs·•' 1n· Watei,in, sSp:re()bss.al, . .§!, · 71>9 {1930)J' ~:r~, AJJB•~·.J.! ft) ·,25 __ (lg3J.)•· 

zo. ' E_.·. Re~o,.-, '"Critic~l. 1n1estigation qtMethoda ,,t0_1'_the Dotetminatio11 ot'. 
Gla.$~Vu.ra.bili.tyn• Keram. rtundttcbau,-!,L. 0e, (193Q);. Ge:tam. AbtJ,. ',!9. (7)·· 
~1 ( .. l.931) ~r ,· . _ .· ._ .. · · .. • ·· -··.· < , . · _ ·••'.. ··•-. ' .. 
21. · ... i't c •. , •111nt and A~ ~.~·· t:rl••· "rrest .•tQ•i-. Qlitel!lf.•ctal·. &eat.stance -. of -<¼:La$$.· .... 
. contelnett"., lmll-. Amer. (?ermn .• , soe. 11 _ll,_·(:10). 29$~~9 ·(l.903l•-·· · 

.·-'. ;_ ,.~• -· .. . _- ', ' ' '. '·:.. ", . . 



.. J>N8$tlr(t of 35 lb~· .• !)el' Sq¥ in •• ' a~ the: on4 ()f \llhieh ,e~16d altall 

leaohea' from the.• ,au;rfa¢e ,vme l•temined 'b,:'tttrtation·wtth~. standard· 

acti l/JOlutton•• 

. . Jt llla1 b~ aeen ttotn the ab()'f; !'li$tQry 'tfult th& metho4s :ot t•et•tng 
., ·,. ' . ',. .- ., . . . .... , ' . 

t:a;-ted. so "1d.el.y that :reeult1t1 could no~ be> <i~ntP:~•d ·W$th ttes,ee or / 
ac~e.cy. ' The .. ·Aaottean : O.tlUUiC. so~tetr~nt~tiJe ~,noa •. flrst. ;~o~.s~d : • 

· .· .··. > ' 2fi / .. ····.· ... · · ... " ... · .... ·. ii ··> > ··.. i> . .. . . < 
. by Juiteh . • .a,. tllo :result qf 1'(4. Q()~perati Ye. lt!6$fl$l'Chi' 

··cons148Nd to •be ith6stant1ar<t.meth~<ftor·.iJ11a$llrlfig .. ··the,·~,.,1ataJtee·Pfil.~ss . '. -.;. ' -···. -- . ' ·,· . ·- ·, '' _,., .·. - '. . ' . _.' ._ . ·, 

'to . w~;t8l'· or, a1lute &ftlids. ~i B ~s{ ]nay b~, ,tui•awi•~$d l>t-i~,fj.y 8.1 ~°'lloti(U ' 

ifhe gl~-- 1$ .cruelled 1Xl a h&r<l•i1•4 ~,-~l. taort~ hl.\Vlag !( pe.tle 4t 
' 1 '3/4··1noh ·dlemeje~., • 'l'b;$ .. pt,c4Utt-l!!i,sc1-fH)nitl.td··•ptss 40-sn.$h and>tob• 
' . '. - .. · -_ _' '•· '' ,· .. -:.; :·---,·.-: . ·- ··. • .. _ '.' . '. : .. ' ·, .·-' ;: ' ··. 

• ~etatned 011 50.me,ni aq~eh. t:ron::11~~10:t•.i a~e ·~emove4 ·of a.i111agntt. ·.Th~· 
·, ·.' _, ' . ,, . ' ' " ·.:· .·, - __ ._, _;_ :, . ':i-- • . . • . . ·. 

pe:,t:lclea.· a»• washed tn ~i~<>ho1:1:;,fe#lov~·:t$nffsana ar.t.a.at 110°a. A 

10 .. ~- sample is M;1gh•d into i:@q~.eci ~;l~lltttlYet flJ$lt: ~it e:sta.ctl.y 
. · .. ·$0 cc, of N/50 B2S04 is adde4.t >~ / tlaak Oti oloeel ;t,1tb.. a. on~-hol.e · i,tb\Ot . 

atop~r. i~et l.n .a tn.~rm6st~il• ·.~'.~at•et'to-qt- '.hQ~i, ai 9rl'.o. ·. ·~•· tlast. 
• I • ~• • ', 

11 th9n Ctol.•4· U$1:ng a st,tam :(;f W~t~~--aml jhl': s~111fit1I1 f.lJ ,1,~at$d, w!th 

. ·. _• .... N/60 N~li with •~h•nol ~<1, biQm .. plie~ol.'.-bl•T:,i-· othR euttab~• ·,na~catwt · 
.··.th$ to&ult.a ait• e~l')ul,at~~ tti ptr cent Na,2¢0~/ or !)el ~ent NattO dia41o1vt4. 

fhtt use .of .~~ti 1nstead ot· watet ~$. the tttgtietttng •dtum eliJUb.at•• the . . .. . ' ' ' .. . ·, : ' - ... ·, ·'' "· . . . '... . . " - . ,' . . . ' --, _, 

' ' 

. '· vartable. tl'ti'eet ot ca11sttb }iydr6l;rsis en tbi .de¢9ttlpOSitlon ot the glass.~ . 

·. 22. o~ o •. a~en,."t~·. ~vel.oprie~t ot a llol.~l>i•••thotttor tne -t•~~•t~on 
ot. the Solup$.:L1 t;v- ot ,aoaa. ... ;u,me GlasMit',> hlJ., · Alae:r. Gi,rg,, · aoc.i •·A!· · · 
200-04 {l.934 )., . . . 



CEU'l.l· taken. to.·,11miri.atftllo. p~sanoe. o:t? 002•·•.tbe ·enfl'.:PQint·•ot· the .. ti,ttfitien 

.. · is dU'tt~ult ··to fiit4.·aeouratelf because 'of ·the high dilution· ot .the :l'ea~~~te•.:•···· 
' , _. I - : ,, _. • ·,· _._ . - • ,,- ' • .'. •.S:: . ._.. . . , . • ,. , ' 

fhey :then 8.Q.VOf.lated a lll$'t¥O~ fQ~ ei;t1xnati~f$ the diiso+ved ~lkali •bY p~ 

. dE1terminations1 . Thi.s .. me'th9d 111a;r·oe.•summartz•d.as ·roUowi. 
Th~·. glass sampl,e·· .. is:greparia ~4:.·i1ge$ted1 .~l\.-a.etly. as .. 1n· th~ Ame;f~an 

·c.x-amic Soo1ety .. '11ontati1re· :b1ethoct .•• and·pR··l'!lf.lasu.rementa a:re ma<l.e· ot\the. cti~$t•·•·· 
.· ing m&diUill petpre and JtvJr digea~i,on~ The; pli vaj.ues at-e, ocinv~rt~d 111tri . . 

.·• th& t1yiirogon•ion .. ~once1"tratlo~·. ,····. ~he c,hange\1U .. 1)K! and consequantly·.tha 

. loweripg Qf the hydrogen~ion CQllCe~tratiQn ~~e~en~e. the entran¢~ of alkali 

into tllt; soltition• . 1l'hi s change. ti1' con¢entitat1on ts tiien converted in g,t-ams 
,·,:..,-· 

ot~a20 ;J.eached trom the· 

· fhis ·.PK metlioci several. &Q~aiitaJ~s 'i;var the ~:clean O~r<;1.1iq '$bo1;~ty . 
. 'l'ant1.1ti.ve. Method. One e.'dve.ntage is s_pe.ea.' iteadtnsir'on the pH meter may be 

' •· .·· ' ", .. ' ··. ' . -_.-,-- '·;_:· --,- ' ·, --, _, ·.' . . . ' ' ' ' . 

taken mu.c,tt mo:r:e · ra»iclly than :titrati<lttS can };)~ m~cle / An0th.er 0;(lvantiage is 
.. the 8limi11ation <>:f the N&OB aolµt16n whf.eb. is,ditticult t.6 k•ep t:t:t~. fl1Q11J ' 

OC;j2;. A thirdadvs.nt~(f 1~that 'the t~st·:t~lnQt deatru.etive •• 'l'hat ta; th$,· 

tested solution .may b~ :~~pla()ed in tlia flask:; ~rid<till'ther tasts may be ma~e· ... 
·, . .·· " . · .. ,-' · .. · 

at longe:r intertale of M,me • • 

/lS, ll ,. Jr, Doran and S, ll, 6Qholes, · ~biUtY ot C1lass~;llt~ti11/l·.···· n. lesol~•d' · 
Alkalt b;I' pH lmte:rininatio:p/',, J'oui'n. !\met'• Ceram, Sae • ., .. ~.J 91 (J.940) .... 



· '.Part 

·.·An··. InV$st1gat1on oi th~ fh;oi'ot ~te\rlninil'lg the ~abtltty r,t 
" i• ' ' .. ·.' . : -,, . . . ' _ _.. ·._ :- : -. ' . ' ' . .. • : • . '... :· .• . 

' ' ' 

Glass .·by·.·. pl{ Measurements,. 

·. A$ mentionet1 in t;,, R~-ritw :d:f 'iitl)~~;~e t l)~ai1 and 3Qhol&$24 :i,o.- · 
·. eated a .tit method t~r 4eterm:tn1t1i th' :t•ab.t.lJt;r ot ··~a•••·: flie thett1+7; 

behb1d thet~ lllefnod •s ~hat the: 'i~ j,11 o:f tlle dig;,,ti~ 11edtwa '. ·•• 
th., lo1ffl?"ing ot 'the Jl1t\:tosttn..,.lJJi cc,noen~fet1oti owing to tlfo 

, ' . ' ,·, . ',,. ', ·-·. ,·-- .-_· .- -, : ',·,,.,. _., :" -, .. ·. ' •' .,_. ·, ,., ,- . 

. entrtmce ct •a)J{*i'- · into . tb&. a~l.t1,1dil.· . 1/tre.2e~~;e~a1oa 9t tht.s Vfilue. ~t Q . · 

amount ct Na,2<f -tifltaf1~e4 tro~ Jhe g;J.flij$• .,as. tlltJ?1 eip1itruil~ as :t'oll.owsi . . . ' ' . '' _. .. '•• .. _.. . -·" •' ;.· •,-'. ' . 

,!he pH 'Yal.\lf;J8 WOt'e tirttt0 
• 40,~v,11t•tl 1-~to tha qQJ1QttJlt~at1on YtilQ.«18 

Which they l'$f>l'BB~nt,ed; ;mid, th•i.r J1tt'ate~<?·•· $h~tr$4 the'Ch.~ 

· 1n ···.,eidlty··o.r enttoanoc!i.,ot• lliltal.f,,}rlit,;: ditt~t-e~ef;•a.sezt:pr~seeil ·es tti:•··· 
· · g1:ams ·• or S -r c.r1ang,) pet liter. •. 

~oatt$$ the volttr,1.et.J t:t' bl.~~ mxd i.'lig•.~i(on st>lutie>ns were malnta~n•4 .. 
·a\ t)O·_·. ec •.. or l./20. liti~·, •-·antl t~ .~qui:Yalent,;elgnt q:f' ·.·lj~~.• ls 51,f tht.~bfl• 

veisten taetor to~ the: weight. ot.,!T~~o ,ti-om t~e, eoncentratitJn ot the hyit~fus«n .· · 
". .: . :•. . .- : 

. · ion be~Qll1$S 51/tao · ()3,'.' l~a,. 
· the accu~ac,y ot · thls j,etiiod wa:s l)l.aiuQC,. tcr be o:r ,ht. <>:rd 

tn 'pa, cortespondt~gtoo.00()1• 31111• -·~·~· the u~l d.~t~r~.tlllt!en •.•. 

2, •.. n. ,. Do:ran and $.· ;Ri Scholel, "~ablltty ot Glas~ ·~ EiJtimattnl 
. 0:1sJ()l"ff4 Alkali by: .. :pH l)et,tmtna.tt~n", •Journ.,· ~e~,;-~ 06:l'SJtt • 
. (1940). . . 



• 15 .... 

!h:ta.··mathod .. stemed·· tunda.mental.3¥ sound up toth~ ·-p61ttt at ··.co.nve~ti~g 
·. ' ' .•... · + .· .. ·· ... ·, '. ' •. ' •.· ... · .. · ... ··· .. ·· < > ·· .. ,·.· > . ,· 

the grams ' l!)t B ' Jl$l' 11 ter · .. 1,Q gJ'.'aMS of NaaQ •• ', J[Q~ •• · hOWQV$2;" '.t th$ . m"S.t•~ 

' ciuestione4 tho l!latbod. $'he aimJ,l.e 4-lXP$d1ent ~t ~tU.t1Jly1ng the grams.of · · 

. R + Chang& pel" . liter by" the const~-0 :,i.55 ne;e.;iiatc,a• st~a1ght line .,,, ... 
' ' . -·. . ,' . ..· ,,,·. . . - ' :,_ '.-·, .. · . - -.:,. . . -- .. ·.. ' ' .. 

· lat1on1thip between li1 ·end£9."Mlll, p; NaJ30 ,a:d~i::'lio ·the digesting •cttu · 
(N/50 :S2$04 ) • .. 

From a num~e~ C1t •itrati~n c'tu:'.f .·· .... • .... · a toun~ . ·: -- . , - _- ' .· ,. -·, ~- '? :·., ··:-,: -_,'.. ' . 

. . · eho.ed s;ob , a ~l.at1~n1$hlp. In ~ll.~ case•• 1~/was• to~d tb~t · a · sharp 1118' : 

· OCCUi!'i'ecl in the ,eu.r'feS •hen tb& enf points ot the U tr~t1ona •re ~aoho4. •,_ . (. , . ' ·-,' . . ' ."· ', : '. '. ·_ :' __ >· ... · '' ' ,. . '. ·.. . ' . ;, .-· ' '. '' ., ·, 

.·: ···xt waa b.e.l1ev~<l that to,:· <the.hisllly di~\lte·ac14._u.eed· theremtght•be. a 
· straight line relation tor a 11ml ted 'tJt this curr&.. . Some m,entton . 

' . . '; . -· .. _- ':. ··.- , .. -. __ , . ' . ' : . - ' ' ,. . . . 

ho•v•:t>• · this was not · eiv-atlable ,to tllif au,til~:r at 'the · time.· o.t .· thi $1 •tt!ng,. . 

. ±t was ~n,:ra·tore the write:t;i•,s .objf<,t:·1;0,obtatn ~~rlW:e,ntally an·, . 
. ·••Nae().i••.RJaS04 .t1trat1on.· .. cut-Ve••··tQ••aetermi;e\1?·suoh a·•~lat1on._·4t,d ·&xist·· tn· .•. 

·. ·· th~ l<>nr · section oi the 

,. ,'it~¢~d~ L' 
'. 

· Because ot the 'imposs1bllity <>t ut:rati~~ .with Na20, · i:t was', d$dd~4 ·t~. ·.· · 

use ·Naon•wn!ch·· could. beoonv~i-te~/tti·~~s. $~µlY-a1eilifotNaao, BetQie pre• 
·•·paring<th8. soluti~nft; tor tt.'liratton.ie; was fl~st ·ne<,etsar; .to aet .UP .titx-a--· · 
ting e.~pafatus tllat would keep tl>.e NaOB eol.utton t~«. ttQm 002• .·• 

tus was · set up as · $1101111.' in 'Fi~~ 





t po,clc,J:ed 'nKCaff404 1'a'1 woi~a4J, 
•~te~'. ., . &ddtd te>:,m~,: e~~f1f·•()Q:o~f 

. , · · .... • •.. · · ... ·.. llf!~oxi~o:~ ptc,~~•t . ·. · .... ·•.••· <JiaO~ ioo ·. $• ... · .. ·.·.·· .·. . . , · .. · .·• . . • · .... ·. 

111100 cc; •.. of <U.$-bille(l. •tc,rCa.iitl tr;nster:j~4/.to a•l$0•~4i pyrex t•t1t . ' " '. ' .~ ' . ' . ' . . . .. ·; ' . •.•, . - _'. . ·,:, . -_ · .. -. : . - -.. ' ..... ' .-. . '-·. . -'.: . . . ' . ; ' ; . _._ ' ,' _,' . ' ._, .- . . . '•' . . ,, .. _... ' 

toil and all.<>""4 t¢ s:i~a. 111. a >v•:rttoa1 pci.d,tie>~ ~t:ti. th& ~u:pei~lia~t.Ult, .· · . ,• ,. . . ... . . . ,.-. . - .. - " ., 

·•liq.u1d·· .. •1fla•tJ•···o~ar. •.•· ~~<it1;,/l~3 ~-·•o:t':t#ci'il4¥ so4-ut19~~e.•. cait.tullt' 
lfithd·raw. ln '•a·· -a~urins PiP'tt•·· ·~d' t1•1t-v~r•a·1n~cr tbe ·. ·~1a~u1 •. ·· bo,ttle. 

·. •: . . ,. . . ' ' . . " " . - '• ... , "·' '· ,-·; .. '.::,;,_:·'. .. ' ' - - . . -, . 

. ahown. in rt~ •.. ·.· 1~: An, •ia••• of ~oi · •a ·,t~xt a4!lt>d .t~ ~o:v-•· ani cioa .. 
. ~.-

· .· !her N-Ol .-e •1u:lllda~ti/•4 .. .,in~~- ,the, ~/$<>· $t~i~,: by nitana · i,f ai . 
:su,,niet ItleQi~o~et);-1c '?t~Jtt•t•t•f:: ;~~. 'Ri!t0,4 -.• :·~ t~ •y;m.4a~f.1•4 ~gai1t~~ 
the •NflOR· by ttttating· 50 t10~ ct tli•: ;~,~ wti~ ·5 <3.~p, 01 a 0.1~ sol\lti.en .,,.f 

· ' pli,entil; J:'ec\~ tne alkal:t •• aaaea urlttl ,the eoltitton t~nedi ptn1c,: ~nd tli•xt · . ' . ' ' .' . ··, . . ' . ' ,·, ,. .' .:- . •.: ·. ·>". •'. ;: : . __ , . -·· .• ..... - -· ·,. _. _, 

· llflv• 04'8iL dosii-ablo t<f. ~dj,l;lt\t th(t ~iuttqrlsi·•o th~t . ;tnoY :we~ , eia.ctily · 

equtve:l,entl·· hOW.'VO:t"f 'this is ... dtt:f'1eµ:t.t, :~~· in th{$ •x~rime~t· ,tll.•Y 
- ·,' -, .. ·.· ·, ."· ~--. j ·::· ,_,_·:·:-.·'·.",··:,_c.-,->~·,.:··. ·'._";,, ::._-::·>_:::·· .. ;,"'·':_·:_;_··><_:.-:· . ..',-, . .'·.'_.~,:-'·'. ',._·. ·:' 

-~··mao,e.a$ neariy tqui,r~l•n:tffisfls·•·PQ•stbl~,.,•\dtho~t ¢on~ng·.·tM) ~~oh 
• ,-- ' .•, •• ,' ••• '. •,• • •.'. . •· • ; ,· '-.•.----· . .,• .• - ,:.• ·• • .",." :•.•.' .c••;.•' • ••,.•••• ,'••,,-.,;·•_ • ) ' ' ' :, .,_-, •,•., • - '•,,: • 

. t.uili and -~ll$lt exa~t· nQ1'lllaUti111'vie~e: ~f!eo;~.,r 



.· ·•·· ..... ,. !kffJJ.ec~---· .,.r.:·tftg~:;I) ··•:u•4 tor·tete~nt•g· all ,,;: ._:. 
mta~~ntento •. tfh~-~~,f~r-st. ~jua~f~ aii~-, .. ~4a,dtut·a,a1net·~:.~·~• .. · 
•Ol\ll~~OA;; 'l'll8 ]!'I! Cit> cl,4 m ~~:j;,/i/\ ,: . . .. 

. · ·· ·• . _.,~17 ~•. ~;« · tbii Jt ~!~. ·.#ea th!, 168li.f · .. 
into .a 1oo··_eo. ;~It bede,.i .. ~.,1;·ii~~-:~.-- -~,- the a1.k~11·.~ •. th•~·--. ,. 

, ; . -· ,.·:··;i··: _..~_:::;~..::-: . . ;: ·,··.: _-._;, ."-'/'.:.~.-· . . ., ., ,·' :,\ ~-; ' 
' . 

. ·. · eloot1t0t•• ot·•th•.· t,R. lletct:r •• -~lt.~•d t1t0:r9u•i7:.,tUi,f ·t~••-.:·Pzio:o..a• •·•-· 
· , . •· ... JIM.t.i•Jd,'lh~f.A-i~.ao,41~4 # ~ll~•' ; \ ·•··• •• ; . 

· •· xn~ns · t4• a~tni .. 11 w · ot · ih•i(a~.t1;' ~h$ co •. · _;i,1: Na61t:•i•· .oon~~•• to<.·_ 

~, aa£lz!!l~; £~i·t:'t~r · 
- . . · .1~1-. •,.¥ft., ,ft.OH· , . · : , . . 

.,.·• .. ,'- .·-



··. _·1'he. tee~ I$ ta-om th.ts.· p:ro<:$d.\lt't •,:e/~eio;ri,t,,f tn·, :t 
. these <r•lllult• tlraphs I and lI. we~e, 11lott~ch 

• . '. ·, ' ,__ ·,-.: .. -, . ·;-.::.- ' .·.- '.,<··, _,'_) ·., ·, 

. aeve~al. •· 4ay41, latet .tb" no.r#tltti,; '.~t _1?9tli. solu1ii~ns were foU,I;<l. iio:,, • 
·. . be (l)itterent t;rb#t 'wha-t , they •• ~e. ;Q:d:gin~ll.Y,;, Uat~ t:hc••· solut1ontf : · 

' another titration ourve -~' obtatn•«i- Owttia,'to th~ ;ell~-· in concent:r~tion' 
. •' ·, .. . . ; . ,,. ,· .. ··'.'1. -. • . '·. • . ,.,, .... ,, '.•,. . ' ; 

· of the .. eei_d, its ·. pft ?t~d :al.so. ~hanged,.,,;,$~'f,f• '~Y'i'ng tb:tr e~& . ·1'•: allghtly ·_.· 

• · d:tft$re,n t. l!l.te~o•pt :t It : •• . notlc•d ;till~'#'. ·;"<tUtt'Q-.J· w•~ · .e,pp~dJAAteiy ·-
. ~~ltl i;n lllEJ lo•~:•.po~tion\i~1r:,~t>;~ii~;i~;,· ,t),~pe:t- · t.,gtoa••· i, .. tbiit ..• _.-. ·• 

'' '' ·_•sugget\tttd•· tba1. tor tli&~ J.ower,'.~e,~cttpn ~)i$;r$ -~t be iam:tl:vot CQ?v•s-
' . Titrat:$.O;t c~~s :-l"8< th .. ll .~l>t~init!.,. ;1,n' tlle)iaanJl,&l:t: l)JEtYioui;l,y- des .. . 

ortit>-,4,. tor an:abi4. ~Q• wataiS~J~~ii, :3.~•i, an~,an' aotti Who-- _pn, · ·· 
'' ,, . ' -· eUglltly. blgber' than tm, 00:riallial ~014~: iie. '$iira:tiot1s,wl"e oi>;l,.y.' ' 

' ' , : - , - ;I. ', , . .,•,.• .' ' . ' ,, .- , ,••.-• .. , ,' ' • : . •.·•_ .. " •. - , . .,· .. .,•' .•, •, . , . " . • , j. _,'.: •. 

eei»~t•4. tt,, a. pc>iU:I 'up .. •o· whieh iih• our••·'--" bei1.•••o. · .. tc,•·b~ parille1 •. 
"· · · > .· · •.. ·.·-•···_. · · · -.· ·· - ·· • Ii •·ht 
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• • .. ••••• ,'::; ,_;,: £ • 

::;u/i:~; ;~: =~~;:2>:~:~~~ :: ::4~ 
, apprt>n$iteq· ,JOO· l~•rl~g ditt•n~i ,:1ttiital 'P1i''41 SEl'f't. eui-ves vew ~1.y· \· . _. .. . . ,.,-•'; . . . · ... ,..... . .... ,• ,, . " '••.,: ... ·•. '·• ... . 

· ~~el~·. 'it),s,.$hf wat•,•a_ ,<>P1n1Qp~:th.i~,::;t:o~\:8.nY a.~ld,~lioq· n~liy-:> i 

'""J .not varr -t~o tu tro• N/5~~ ·.1t,/111~~:10~ ,CUl'V!I. eo~d -b~ · 0~~14e~4 . _: 

10· be parall•l t~ t~o,;. s:ti.own 1n ai-~~-}1;::·~~: tte ta~g$- .shown,· . , 

· 1o .·.·•:•r:-1-'~'4~~.~~;;;~~,~~~~~n~· .. •·. 
• · .· · ~- •·; . • 20 'by 1'~• IM.11.sn •irt.~~., ·-.d. :Jonii,ar,, tl).$8(1 .v-3.ua _.S, 't)h tb• . \ 

•, • ,,••• -,_'.,•',.:•,•• •,•'• ••.,••••,•, ., T'."•• .• ••·":.•:••,~••,~••·,.,~.;•,,••~••,.',,0 •;•::.,•'":••.•.:.•••~ -~•:1:,: •'',•-••.••.• ,,• ,,, •, 

.. ::::t::•:;4~;:~11-~~;:;~tt::u=t.~•· 
malned aonatant I 1'the~as, 6lij'l8l'!lne~~1; ·.11:\~s \i1tttt~n~' .tor each --- . ', .. · ' , . . ' .. 
· .•• ,.~nat1.•on. · .:~.- ... - . --· . ::-.,-''.;i·<), .' .-, . '· - . · · - ·. _. . . . . : 

···,/\.'·;,.-'_.:;··J:; .' -; ·,,:, ' ...... ·r ,.'· <·,-,"··: ·~ . . :, . ,· - ' .. .. '_:·. . . . . . 

', 

-talneG, than by' t.h•. eal~i2let1~~$-a(l~cat$4 ... by llo~;.: ?t ·was·theb d•etaea 
' • ., 0 'O O • :.-', ·:~,:•·•_:; :•_. I , •• .,: •:• ,•,_:::• '. •, ;, ', • , • I• •.. ' ' ;:;:a-::4t,~l~4J:~1tr ~;~·.~~;{~blt·> 



Part·Il 
A· Oompa~ison of Methc;>.<ls for ia:easuring the: Dur~blljity of Soda-Lime Glaes ,.· .. ' . .-· ; ,: '.· . ' ·:'. . . .· ·.:.· .·.• . · .. -· ' ,,,_ .. ,, ... --- ... · 

- . .·-' ,. . . 
• • ·,.· ·:, •• ., •• • < ·.·_: 

the prima~ •object .ot this tllt$1$ 1'$s Jo .tpves1;igate. 
'meat.H.tring .the durability or g1asSEl8>CQlllpa.t'•d to the ~rtean Oerrun1¢. society 
Te~tati ve Method~.. 11'~&. investigation thU.tl :tal.",, lltUJ. led the writer t.o ~$ltev-e 

· that the :pH m.ethod>eouli:i be impl'oYed. ta,PQti b;r: W3tng a dit'tere11t. matho,d for 
' • ' - ·-• ·-· •,_ • ' ._ .. ; ,-,_' ' :- ' '·.',·; , -o ,. • - ' •••· .::-' 

eonTertb1g. pH cllang$S into gtWlS••Of Na.26. . . 

. · lt was therefor~ the object ;t \hie p~t of the· in\'estigation to 

a comparrison ottne tb~e,methodsbt.•ans<>t>actual te~te, 

( l.}.. Th& .A.o.s~: Tentati..-e Metllod 

J2) · Tl\e Doran M~thod • coaveriinJ pa; ch~ges ill~() .gms. . . by cal¢u;atlons ·. . . 
: ' , ·. . _, . ·. ·.·, .· .. :· ... ,::"'.' ..... ·- ' ·.. .:_~ -__ ----_,.:':~::i -___ : ' . _.: ,' .\ :- .. :· ',. .· ' . ·. ,_, . _-.-'.' . . . _·· '._:- .-

... (3). . ,;'he EX;Pe:rimental M:ethed ~· coriTet'.ti;Jig pll chan#Ps into 
· · ;. -\Na20·-···b1."~.itJ."ation .. ··.·Qurv .. s. 

'-·,' • -. • • ·, • ' ··: ;,,, ,, --, ' • • • ;_ < ' • 

· To•· make a- true, comparlson 91°·:~he ·'lfi11ith0,~s 1t ~s deeidetf to 

·· statistical. analysis to the res~it·s to'd&i~rtnin~Lif the"'~ •s a, 
. . 

. cant dttterenee betwe,n pr Wi t:un the 

a •.. ·· 
, Ourabilitytestswere made>u 

Glaas A• containerglassfW 
. Glass B ... Flat gla~e . ( Wind~~i pane) . 

. . . . ' . . . 

Glass C • container gla~s Jlrr 
I • -• • ' '. •,' •.•, • . ;: ',.'.' 

Th$• glasa .·· sa!ripl&s ;,ere. . . \ . . . 



. - "', -

Crushing: Tile glass was bJ:Qkt:in bY,ia :n.ainmer f:n~o pi'-'c~s approximately :one 

inch .in size~. The• br6ken glassi wa~ d:tvided into. batches of ilbout J.50 gnu, ••..•. 

··• 20•30_ gm~. was :placed in a hardene~ stlil~:!. morta1/11aving .a pestle ot. l 3/4 

inch d._tameter. The.pea,1~wai tneerted.an~ a'tir~~l! sharply_witba.ham,rlle~· 

. 3 or 4 titnes •. 1.l'11e sample _was e?llptled·1n~o t!;' tl.$8\ Qt 20. ~o.: and 50-mesb. sieves. 
, ,; • , •• > : ' •• 

T:bls p;ro9edure· was· continued unt,ti .. a.ll.o.t a,lfSO g~>batch. ~as oxr ihe. sci.e;n.s• ·. 

'the· screensWEtre placed on a me~h~fo~lY1~:t'e.tor.anclv1brated:t'oJ;" seve:ral· 

minutes. The. glass remaining OD;'the 20.;alld 4Q niesh •Sie'Ve$ was remo;ed •. 

.rec.rushed and aie~etl ae betore. :Thls was ~&!)$~tad: until. none of the 9rtg1 .. . . .. ,· ... , . - . . . ... ' 

Sievin§t: · The glas$. ret81,ned on\t~~;-~O~~,~h screen· wa~ ~1b~ated. to~ 

·. minu~~s, remov~d· and shake~ bY:h;n~};.,;f~ ;she~t .. ot,pap~r.·•· .. ~hi~. pfoeess• 

was repeated until r~w/ it any, pai-ttcl'~s pa.seed through the 50~mesh sieve.·._ .. ·. 

tn tive $econds.· .. The. ··tisual.portf(}n\ .• emat~t°;g_on··the 50 .. mesh.:sieve didnot •. 
' .. ' . ' ·. . . "'• ,, '' ',, .-. ':. . . . ' .· - . .· ·. - . . •, .'' ., 

weigh .over 2Q g; ·xr ,1twetghed" #brtf,tb~n this it was d1V1ded 'into 
. portions and resieved•for five m.i11ute£J;: \. · 

This ·Whole proce4ttre <>t ~rualii~@''~nd ... ~i'eving·w~.~ ~peate,d. until app;rox:1 ..... . . . . -:- . ~- '. 

mately 70 g. of'eacitype, glass *S;#,~bjalnea;, 

Cleaning an(} WaahiM: ·· !a(;h al~ss ·sampie was spread on a p1eQe et ~lean pe. .... 

. per an~ a magnet · \ilaS paesed through· it to :rEimove · any. trBlT!p ·. iron• . 'l'he . ,· '. . '. ' "·'', ·••, ' . ' - ' '' .· '·, -, 

·sru;iple' was transferred to copper ~stl ba$kets equipped Wit~ a. ban<lle.et 

copper. wire. Th~ mesh was a tr.lt"le fin~i than 50,: an~ .a small e:nougll amount ·.· 

ot 



' ' ' 
.- ·• .• :.· ,. ' 

move freely and net pack togethe:t- during washing. The samples wer.e wa.sl',ied 

by agi ta1;ing the ba$et s by hand for ~boui l: m:t.~ute, :first in a beaker 

of distill~d. water, and 'then in ~achof t'II0°beake,:ra ot ~eut~al,alcohol~ 

Drying and storing: 'l'h~ washed $f.Ullpleis' w~n .. dried by: placing the Sat!lple~( 

in a driet- at 110°0 • tor one b.our .•• , .. Attar drying ,the SW'lll)l.8$ were. removed 

from th& baskets an.d allowed to eooi ;{i} a de.atccatol" contdn1ng a.ctiitattd 
• • • - ' • • • ' <. • ~. • • • ' • • • ' •• , • , .: _; • 

alumina, *llere,. they were kept m>.tli',reat.11: tat the dlge,stion operation.·· 

Pisestion: .Sb: 200 co •. 'EJ:"lenmeye;r flask~ we:r,'.digeated with ~ppro~iln~teiY 

N/5o'a:2S04 to; tour houraat ~0°6. ~tteJ,' Whicll,tb.e ~~id-W~S pou;ed out.arid 
' . . . ,,. . ' 

the tlask:s allow~d to dry;. Tile e:iact no$al.(ty md<pB· of the H~04, pre•.·· · 

pared j:n Part ;i;,· -·was determin~d and exaeti,· 50 cc • . was •. aqded to .. ea;h ;flask~ 

From the preVi()USly prepared glass to be tested 10.,000() g. samples •re .· 

placed into five of th: flasks One sixtll flask w~s ~sed ~s ti blank) ·t and 

the flasks were atoppered with' one-hQle (3/16") rubber stoppers. Allsix,. 
. . . . . 

flasks were plaoed 1n: an .oven (Fig~ 4) whose temperatlU'~ Wa$ c<mtroll.•d. at<, 

90°:t 2°0. and heated tor exactly tour hours •..•. -··· 



'Testtns: At the 'end, ot. tour .hQurs'the. ti~IS1c$~·were i-emovadt'romthe oven 

'' and ~ool.ed quickly under watf.)r .. ·. Each ti~sk:·•v,a$ ear.atully ,rotated to take 

· 1nto $0l.Ution a141·. drops·•around the edg~ •• : 'lµpro:itimtet;Y.3 .mi. •ere 
. from tbe rlaeks into the small l>ea~:: .. Q/;'tlle, 'Beclanan •pl! ma·iar ana pH· re,ad.~ 

·- ' . ' ,. ,,, ,.; ·.· . . . 

lne;s -~e taken tor the solut,bnt, \n. •ach flask •. · Tllct 3 ml. of 

we.a· th&n returned tO• itS l'&Speetiv~:tl~1z1k •. ·•.·· 

... ·.·. To each 9t the tive flask$ containing gl~s.s (tampl:as five drops ot the .. 
_·. ,·-·._- ,' .· ·-:· ·,··- ,- .-,• ·- ' , ·, ' ' . ·- .: 

. . pheno:1.· red ind1cator'was llt\d&cl • . j~l.,u.tioh, in tlach'ta1k'e:r,e· then ittra-

·;ed with Naoa. Wl~ose exaet norm~ii,,·.as,~n,own,. untii .. about I .cc. ri~ adtet·' 
• ' . • •• _,. '.·._, _.c-, ·: --,-•·' · .. , .•. , ... ---,. . •• ' . •.· ••. , • 

- .. ·:.···.' 
- ... 

in Jig. l was used. · The •a~ tllell lit,ne<.li&tel.y tit.rated with a2so4,. 
. . . ,' ·, "• - ._' . . ,' ,'... ·. .· '' .. _. ''' · .. ··~·' ·'-·. . ,·.-- _: •, : . ." .,- . ' ' ' . '. ~' .::.:.- ,. ' 

whoso ~:xact no:rmality'wis ~Qwn, unt.~l. o*~{~f~p: aau~d. th~ ~olo~ to change · 
from pink. to yeU.o•. ''Thfl exact ·'eJJrotmt or'' Naon. e.u(l R2S04 used was recorded. 

Thti blank sqlutic,n. was ·then ~a$®Od \<> ·'d.&tarmine . its exact volume• • 

!ta diftG:rence lri volume trom tn.e>~~i,g~n~f: ij(): 09 ii · .was cbns£dete<l to be Jost 
due to· evaporation in the ov~n •• !1iiJ• vtlI't\lJle. was c9ns1.4ertd ·t() .• be, re,p .... 

resttnta:tive ,o:t· th,e otber $Olutio~a'and -.$'it~~d in de;a:rmlningthe 
. . .. . •' ' 

· amount. of. aJt(). used •. 

· .. Results ot th~ee test.a )ter, t~;n~:calcta~ei irit:.:grams ot:Na20 

. .from. the•· glass by th~ three methods: p:revtO~~iJ . n~d: Results. were ~oor!iiod .·. . ' ' . - .· .. ·.. . ' ; ',. ·/.<;-- ..... · ,··. ·;.;. ,· -, .. .., .. · -·,· . -.. ·. ' . ' :_ " .'·_ .. , . 



' ' 

.· Ta\llt; IV 
Data 

' ' 

~at>11;11;z: _lJ&termtnatio~s·· 
' ' ' . . . , 

•t.1a,s A• A.c.s. 'ritratj.o~,Method 
Fl.ask · , 'total · Total · 
· No. , · cc. ·· 

N/Q.0197 R~04 , 
N/0.0205 · NaOH · 

· NaOH · 

1.95· 

1;97 ,' 

l.95 

. o.ao6et? 
,()~00593 ·, .. 
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·Data •.. · 
IJ.'e.b~· .v•· 

.. ~bi.11 tz ~tend.na~1ona 

. . 

Flask • Total 'l'ot~l . 
No. · eo. 

;a:2004 

· .. oi9 .o 
.. 49.l: 

. ' . 

5 .. ·· 42 .. () .· 

N/O.Q220B2SQ4. 
N/0,.0236NaOH 

Gltlss B.., pH Method 

ila.sk pH. 

. ce • . H8SO• .. 
44.? .· 

4:4.,5.·. 
c" •,,.',' 

·,44.7.···· 

No.. l3etortt Atter 
Digestion. D.tgesti(.Hl 

2 

1.eo·· 

. . · .1.eo:·. 



;.;, 34.;.; 

· · ·· vata : 
. :·•.· ... -; . ··/..,_ .. -.-. 

'?able 11 · .. · 
Ourabili.v Ott•· .&r. .. --,b. 

Flaek '· : io,u . ·-• ~otU . <1~. · ec/.. o-o.-
:il2$(>4 -·_• Na0a·'.. 

< ·1 .·. . 491.0· · 31.2 

. a, . ,~.a a1.1 

-:-a- · .,48.$·· ·11.a 
.. 4 .. · ...• 9:4. :_ .~1~3 

· .. -; -.-.· 

49.-4_ • .. 32,8 

·..•.• N/O~o_:o.a. ll2'Q4,· 
.. N/0·.0226 NaOH .. 

. . . 

· oiase :c • ·pB Meth~, 

.· . J'lao; ,. · : pH· ·: • :. 
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Betwee.n >A.etho<'J.s 
GlatJ8$1.J x.MQthods 

· Within A.c.s, -thod 
· Gius A. 
·. · .. Glass B ·· 

Ola$s a . · 
Within Doran Method 

Glass A 
· Ila.as a 
. · Olaes O · 

. Wi ';h1n, Jxp. ¥e'liho4 
Glass AG .. ·· 
Glaas··a 
Glas$ Q · 

12 
, .. (4).···. 

.· ··.(41'· 
(4). 

12 

l 

(4). 
;,(.) 
. (4) 

,-- . ' . . . 

,l,924.963 

16.(;)4.2 
(l.60'10) . 

·.c ··. 024) · 
. (19648) 

. 4301) 
26525) . 
.6829) 

( ... fJ843) 
{19888) .. 

64430)' 

?'7.()56 
'615.734 
4$1,241 
> 3,004 

(4018) 
81) 

. (4912) 

(1l6l) 
(49?2). 
(l6·,l08) 

_ '?he smallest mean aquare •. of the \f1thiri' variables ( iJthin A.C .s. Method : 

3004) was used as .• the e'rr~r ter11 •in testing the .othe~ wt thin variable a, .· 

··:, = ... ~,4'71 -~~15 ... 
· 3.004 ,_: .·.· .• ,= .. ,,sll.3. i 
~,004 

. The allowable "l'" :t.n both 0~$0$ \'te.S 2·.s9 Ats. thet'• was no sign1:tieant 

. 41ttere·nce -.1$ht~ any pt the tllretl matholi,, t'4~se Yarianee,s were "pooled" to 
. . , . 

·. form a Valid 8l'Y<>:t> te.rm as fQl,lows r 
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. . !rht• «mr,,, • p~~,-~~Q•f ot·var~e.tloi,. . 
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. ·•af(i ·i.,11 .. l\ ci,••:•• -· ~--· 
•ti·.M••~a.,;:.··.··-., .••. ,.6~~c4··••·.·•··~: 

· .' , . _ -,.·· . -. $ .6:; . . -:i: • . ii 
. 'Wh•· .,# ..••• j~ 26f •.. -tl\•:r•t~j!e;• 'tb•~-· .-.... hlcbl.r. •1gn1t1cut - . __ -

,;! ,-.-•,, .• < 

b~tvt;tn ••lbodtf ' -~ ·,.,,_;b,ogtaf it>mp~~-~:l\ _ 'llf'.$11 _ ~•et to 4..-' .. 

'b,, • ..,,n. wl)tc~ ••t~dl th;~. ••• tli•· ~r~••••t a,J,.,~a)l¢«. i x. ; '. ,. '• .. -- .- . _·, ,· .',, . ' .. ·. , '' '• '' ' .- . ' ·. . . . . 
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ss <•..:..c •• .. ··'•.' •.···· -~-.. ' -_ .. _,,-., 

· ._. < .~ - . 99t) • l.57) +. ao + · 1 9 • 4k200 +·· .. 60. • -.. a .1 'o: + 2 otv+ 174' ·. ·2 •• 1.-1,25 :,79 . 
. .. . . . - . . . . · .. · . t . . . - . 

.' ' ' _·•, ' 

·. · · .. · •·. s.s. J v~. II ,o:i. \ · · i ! ":. •-' ·· ·• · • ) • $'1l,;l20 · .. · · 
. . ' . . . . ' . . 

S.S. (!+O) . . . 

•·;E~19B;2• 2 oi. + J. L l + ~z.ll!) <'(2!6~).. \%... ,, .. ~zOl] 2 .66o,ll>'1· 
. .. . . ·•. . '' 

.; ' ,. . ·. 

· · '!he ..... ~oled. • < er:t-o~ term p;te;lo••:Lr ft>11tii vas. :lts~~ to test tor · 
·:-•····· 

. ·. ,tgn.itiQWJO._ • - -•-. 

A.O.$. Me\hod "*• l>ota.11 Xa.~at , '<• ·.· .. ·,.;,i..,~~.,w. 
,,:, -~.. . ) 

. ··. ~$ -.tiowabl.e ,.,. lit ••¢h CJ•l\lt VB.I 4.1.lt ~~r•t~:r, !!ti()~ _,hod 4.1ffared 

11p1f1eaa,11 tto• tihe t>tb.-,, d'eat .• s.\ 4.lft•tt».oe Qocu.rrt4 b~J•••~ ·. 
th• )A.(t $; Me1ibod end tll• 'no'~ ••tlaod,. ·. fhe 1eatJt '.df.1fereno~ OCCUl'r•l be.. · •·. 



,,,, •... ta•· tl~ $:.: Jf,•,-~f.& ·~ · •1t.•d~i~~~~c]1;•tb.$'.%-
·. , .. .,_: ·. _'_,;._,,.~:::,,:-. ·',-., _'_ ,'.: .,-: .. >·_.: .. ~i' .. - -· -~.:· _ _._::.,·:> ::~·· .. ,·· ... <,_ :.<,··-"'·''·\.~ ........ : .;·1/.':_· ..... <:,:.:_·~:·_._. ·: -~. -:·:.'~,. :,_,:,. ~. 4 •t»•-' ,,tatt,atite>.a:1 b~••••:• \IO'litl.i · .. ~•-, · ,.f,l~r-. .. to·_ -«~,,,.,,_.J"'*' wfit.f~ ·:.~:;:;:r::::~vJtt~u~, 



. . . 

honi the ~suits obtain;d in.th1s<in'V'~sti;gat1on, th~r•· seemed. t~ be __ ·. 
- . . 

. very· 11 ttle a.grtemen.t between the" thre& methotls used. .·. It was COB Si dered . . . .· . . ' ;· . . ,- : : . 

necessary. however~ toapplY a atat1stieri1 ahelyeis' ;Q these :results to 
, • . ·, • ·I·•• . • 

determine tr this dU'terenc$ be~ween'nrsthods was l'ee.l 01' ~erely due to ... 

chance. This analysie proved ~onq-li.i:siveiiv'th~t a re~l difference be~ween 
. . . 

·. methodl!l did exist. · 

The order of. dlU'abil.ity of :theigl.a,°sse~ teeted '.was 0.- A; Bfor both· 
• ,· • ,: • ' '·' ,--_ ·-.· • ::·- •• • •• > • .: • • •• ••• 

· .. ,·- . ., .. ; : .' -. '• \ . ·. 
• the Doran. and EXp~imentai metho<I,. · Tlle ~ran.metho&, in each case, aa1re · 

results signi:tte~ntly lower than the Ex~rilllbnta.1 Method.·· ·'!'his indicated • . ·" :_. . :;• - . . ' ' 

that. the, straight line ,relationship, nt\lcea,Ut~tet l,)y tl1e Doran method• · 

it plotted, \Youla· have. a .grea.ta~~lope 't1ran ,th~ act'.l,lal :Utration .. eurves~ 
; . ' , '., ,_ ~~.-•/ · . 

. · Uon curves were detel'J!linetl bY: 8;Ctti~l J~~isl,lt'emenjs; it .was the writer• s 

. opinion . that the .. l!-;xpeiint~nt.al meth04 ·,t~ more •ilocure:t~. in eonv'erting ·. pH 
" . . ' .. -, . ' ' . , ...... ' ... , . .. . ' 

determina.ttona-i~to grrons·of dis~olyed.1alJca1£., 

. '1.1llf;l order of durablli tY ~t the glasses' teQt~d PY •tb.~ Ji,..c.a. method . 
• • • • • • ~- • •• • < ' •• ' • • _, • 

was B,: A·, o. ··. It. this method was 'lmown. t~ .be .a true and accurate measure 

. ot durability, th~--•pH .meth~d would have:to: ~~·compLetel;y disregarded,. £t . . 

. th1a investigation was ·to be usec,\Yas a bS.$ls.} ln ;per:rormin~ the: teats .... 

in this ltiiresti,gation,·· however, the ~iter n.<>ti~ed ·several things. that . 

led him to belie-te .the 1.c.s. method~ to b&:;~ather i.na.ecurate •. For one 

thi.~g 1 t was very' t'ilttteuit to detemine the' ~xaot end point ot the: 
. . ' . 

titrationa~ Another was the fa<?t ,that a portion ot .~ha digesttng so~u.tlon: 



""" eY&pQtatod in •'"' mi,,. ~!)us ;,iaJ<tllj! it' ·;,.,..i.; •UIPos~ib:U. \O ·• aeWffiiJll> 
the exact &ncrwit .or ll28o" that waa i~o.~ 't~e writer attempted to. cortect .· · 
th.it by dotarmtnins the tina.i votume n:ryth.e .. blank,. s<>lution~ and applying .. 

this oorract1oll to ·'..t1t~i other solutto,n1!rtf1:tiell,WS·ll'$: heo.t~d at the same ... ttme.' 
;[,·, ·.·. . . 

· TbJ a aethod of oofreet~,Qn Q.eul.tl no~, . ~;~;tl,., f;e CQllSidered ,to . b$ enti~l.1 . 

adequate~ 
. .. rJ•· .. . .... ' .· ·, 

· . These two. f'autts were. con.st~e,ed tJ:.~tr ~i~l.y itnportant, aa sznalf in~ 

a·ccuracies in' volume~ ot 1!2~4 Jse4 a~preciahl,- attfict~d the c~~culatJ.ons' 

. f:Ot' dete~in1ng gt'atl1S·Of' Na20• . 

. Fi-om the $tat1otical ~n~lrsia\1~ .~f b~ e&,ll!tha; the A.c.s. method 

had the least variation. and th~ lltt~li'11t1Elrttal method tbt greiltest .. : It was· 

. toundi however;· in.at, theJ¥} vm.s \no'. sigiii•t'ica.nt differe:nc:s between the vai-ia~ •· 

· tions ot · the ae tb,oda. ·· Thta J.ner(Jli miar+s , thi;t illt,C~rding · to the ;l.aws ot . ·• · 
' " ,' :··.' _,., .. ·.· ·.·.·· ·' . _ .. - ' ' .. . ·,,.' . . . . . 

. Probab111ty' tbe· ditter~rrcej.in v-~riatl~n.~ ;~llid· o• ticc¢unted toit by .·ch~nce, 

' A:lthougb thel'e .w~s fmmd to. ;J ,(:1. hishl:Y sig~~t'ioaflt dit'te:renc• '.betwe,n ' 
' . . . ' '• .' ... -· ' ' _, . .- ... . :_·-:-,:,·,.:_·,:,.:;: ·.:· ,., .-·. ';: ,.,,., :, ,.-, . ·, . . ·. . ' 

· each method; if was ln.teresting'.to>itot~ that ·tllel\1eas1t d1tt~X'OZiC$ OC(H1t"~etl 

·· betWl!itlll the A.O.$ •. Method and the Ex;perimei).taf liethod{ This fact led the .. ' - ,' . . ,, ,·• . . . ' .'_ -, .. -·· . ·' •, •,_, - .. ' ,' ' . " ' ' ' . 
' . . . -

writer ·•to 'bel:tGVfi .that th$'. l)Orari·"Me.thod aav'6 teeult~ s.teni:U.cantly .l()Wtt ' 

than they 



nooause ot: the. wide 'ltir1atipn ot rt,tsul.tQ.obta.1ntt.inthi1 tnv,sttgatipn 

it· 1s i~poszdbl.e to a.raw any accl.U'ate conciu111ons~> It the .Ame,rican ceramic 
',_ . . : ' . - " .- - ',_- .- : ' ,. '' . ,· ' .. ' '." . 

w1.1mld he.Te to be disregarded i$ ;· 4ttr~bll$ty ttsttµg method, BoW&V$r, b-em 

a worldn$ knottiedgtl ~f th~ \sstine: l!l(lthOd$>otita1n,1 in f;it1m 1nveQt1g~tion. 

· and the result~ ob tatn•a i the -\tt'tt'e:r hatf ex:pr;,ebd as hta' own o~1nton the 
. . . 

. tel.lowing conelustonat 

l •. DUo· to· inherent inaccui-aoies'.;;mithodi~ ••·11Q··niwerical value .. 
' "' ,, . . '. . - - ' ' .· .. • :- ' .. -.. . . '.-

·_··e~n b$ atated \() t>~the e:taa~ d~~bi~itt <>f.a .slaa,.•··»unb111tles 

~Y. bo •xpressed only reiat1v~lfr lti,li the . ~eti~ lnethQd apectt1adt 

2, . Relc.t;i.,-~ :duttttb{l11ics ~f.gla&Sf$· ma,y.}ie deter:miae(l l>J pH meeaure• 

mentsi. .· -fb.is ·meti:p,od J.s, s1?:11>liir,1n o;u~ra'blOii· .. 6P,<l tew&:t· 11tia:CC!.U'aci•a · 

are. encounterod. than in tht> ~eriq~n ciiram!c. Society t•atat1 •• ltethod •• 

alkaU. maY b& obtained by th~ .. -~ae ot titr~tion (l'U?'Ves •. The Doran . 

·method for making this eonver'ston, le;·~ i'aste:, me'thOdi butreauJ.ts 

are sisnit'i~antly 1owe~.···A•,~'~-me;;~l\r~ r$l.t~tive, ... ··etther · .. ·· 

method ··of .ccnve:ratori me.y .be urit4 it 'ttie .~e.,holi•·-1s· epeotfied. · . 
,:. ·- ' ' __ , .. _, .. ·_ -~•; . ,. 
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