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A znvn«siganon of the. mm pre netem:.ning m
Dnrabuity ot Glass by p& Hnasurmnu






| "Khatevar may be e»ur beliefs‘ u the'“antmry, glaas :La not a eomplatelyﬁ; : :

o ’manlublm substame. , Whon m mw u ,1:1 windewa or bf‘, t‘les for oxampla! itss l

appamnt pemanbnee gives x‘me t"
‘ ”u'i‘he slmple exparimsnt or powdoring a small paxvtion ef auch glasa, watting

R :‘tha rmwder and mating 1%; wlth an "indicator 8 h~.as phanquhthalain. damm :

a,_ aumpaawion. ﬁwam

o _'or this raaiatance. ‘mm rlat glas_ manufaattwar ia bocoming marb ccncermd f‘;"? i

: Li.
chiaago. 1946, 236. T

o uq 'W- uﬂr@y’ ‘mﬂ Pr@mrti.s :
Rovr York, 1958, 103. S

he - camml béli@r that 1t is innoluble. N N




‘X’hrnugh the y ,ars mnmrous taa‘bs have 'been dwiaa ﬁo maamz*e the

ehamiual'auxabnity of glasa- tfmtcrtmataly. hcmever, the tasts have baen _ -_{*:1‘_:,

E _‘:-".,,_m nmmua, and tha methads h:we vaxi.ed 80 wmely that v:ms rasults aannot‘ S

T ve emnpared thh any deg?“ of a""“"a"? ’." ﬁ

Vmiring the 1&:51: tmvr ;raars glass e D

- v "j':,“'manufaeturers, techniciana, etc.,':-rv’ lizing thia deplom‘bla conﬁitian, be-".i, '_ R

: gan alamring 1“93: the adopticn 01’ a ztanﬁard mathbd for measuring tho eh;mi— Gl -

cal aurabilii:y or glass. : coaaaquaatly, numraua mmﬂtaas wsre appeinta& e

am‘t 8 gxmat ﬂaa& ef stuay wa.s given_; t@ the c“rrelatian crr 1aboratory teat

fmthoda mlth exparioxme unﬁer actua’l

R eanceramic soéiety’Tei;taﬁvé;kfeﬁﬁ‘ "
r‘roaecna mr doubting iﬁa effectimmss and I’mﬂi@ﬂbﬂﬂy‘

. \',""Amariaan Carax:sic Scaeiety, a pH‘T

» Qf glans jeaa propoaﬁd by E- F. I

o ,':f.'_pmmtav.he use er thia mathod,

. of the Solubility of ueéanmms Glasses”,
15, 200-04, (1934)

rking wm&,tians.

Th’ resnlt Of ﬁii& 000}*91’&"5‘ ve. resaarch has demonstrated tha utility :.'f'_‘vj":" o

~0f tha mathod firm; pruposed by ﬂ . G

_Btu’ch?’ wmch 1s kmwn as tha Amerin-}
’Althoug,h thia me‘thod ie generally "

v aeceptaﬁ as a stan&ard, it is ati 'et wl%hou‘b raulta. and th&ra are memy Lo

Following the accaptame er "Jthis methna ’oy the t}laas Division oi‘ tha ;‘g: S "

tnoavof tes‘aing the ehamical dm:abm.ty

R -»;fcholw"‘ that attraéted thie{.:‘”f._j

o vw:iter & attent mn. 3 Although no results mre‘ obtaizmd on actnaz. glassaa ta

t‘-’was tha_wrlter's opiuiez; tha% mm mam

_-".ia‘sf""undamentally saun&, ana m‘ teﬂ. '-furtha invasﬁigatiom

s ',i'a. Ou.Gu Burah, "'rhe anlement ‘of a Heliable Matnod far tha mte:minatmn
"Bullé*‘bln Amariaan Garam Jo! :

4 R; E‘w Doran and 3.. “Re Schalea, "D ,,lability' af Glass - Eatimating
) masolveé Alka}.i hy pﬂ Daterminatian“ Journal Ams::iean ceramia ﬁbaia&y







”:; ais becomes a film on tha surfacc*

o 855, T. Steinkopff, Dresden u. Leipzic

Sc m::ortant 19 the elmmzr'al

'c:luaed such rssiatance to corrodi.n agencies in his daﬁnition af glasa.

' Whilé suoh a dqfinitﬁ.on sceme toe reatriativs f?;it éoes illustz'ata ths 1m- ) -

bility of glaas thais zschmmeza in. A

) pomanaa ar durabilityq Bany gla.ases pesmsai.ng' dasirable maehanical ;pro«-”_j

“Bion. The mothmds of tesﬁinsf glaae,fo

E _"ﬁA mental mpertance .

true solution. 'I‘he attaek ot

When maisture is m contae' with glass, 11:_ ie ﬁmb adaorbaa and thsn

*_&bﬂﬂl‘baﬁq In the aode.unma ayatem*walm

o 'I‘his undargoes hydmlyais msulting _,the -libaraﬁon ef aadim hydrunae

glass as wo ““lﬂ ﬁi“““ th’ 591‘1‘3111‘53’ Of a salt. The aetian 1& ene ot S

si).icata u‘leachaa i’mm the glaas.~

" and conozlaaz. aiuc:.c aem. The aedium hydmmo liberatea by the hydroly- S

_ rbon dioxiﬂe :ln uno ate _;j;;_;*

s vmsphero then xeaota with thia" ﬁm:_:to' fam sadium carbanata as a whi‘ee

5. zaemmar, %, in Daot:ter, Gos "-'Handbuch do Minaralchemio".v’ol.l

8. R. Scmles, uodnm Glasa Pracﬁi
e _Ghicag@, 194,6, 236-37.

'xr_ - ms‘brial Puhlications, _In o







:"-'___ing the glass 't‘ter_ e:xtracti m

o 'v:_»‘.af"hz,rdra'amn‘wnieh &1: 'erent glaasas‘m&y

9, 0w G }zureh,' misthods for Deternining the Chemical Durability of Soda-
: mne (}lasaas“ Bulletin Amarican Cerami e_.etyé ;ﬁ, 175»’76;. 1936. »

106 T G :&’ﬁddlm "Davalapmnt o aﬂous.i’ypas' @f Glaasa Iy Inixemctwn
e of silw& with 'cha Qx:%.daa of-Sodium and Potassiwm," .‘fwrnal s:;e.tety Glass
. f‘.-:;_;ﬂrechmlagy, 4,1 e




”*l'ftima elament 18 toa great. ;:-'ﬁ

7“f7ff5ama glasses exneptionally durable o hot

'f_1 etc., are eliminated; %he 1ength

E\L;even on geod glaases iﬂ sreably?el?fff?°3: ‘

aecurata owing tc tha differen;

a "ﬁtavyalkali d15391Vea, al ;;f;ffff' '”

R (5) aatanminaticn of the ezxraete& mataria 1 the best method,vbut the:um

"5? G@ncerning the form or ﬁhe'glass ested evmaae the rollewing atata-7Q~;L§  u‘

'”j'mants. (l) 1t is nearly impeasibyﬁ “?f eure g&ass vassels of the same

":siza and shape, the ac,;cn of th ff by the eontainad liquiﬁ {i;?

"alse varies from thaﬁ ﬁf ﬁhe liqni 'errnt shapes of container H

-’(2) autoclave tasts eannet befaf'epted as’ cri arialof durability because

water are 1nferior in the autaa
>,_elave teata and vice versa; (3) "ﬁfimmarsien are ﬁifri—_i i

",cult to prepare and a surraca ehillad by mﬁtalxdiffergvfrom an air chilled U

Haurfaca; aa& (4) 1n powdsred glasa"ha surface difterences dne to card”'

ztime negossary ta get saffieient attack llﬁfﬂ[?;

ana surfaca me%hoda. ;;ifff57f'»*7

Dimhleby and Turnerla usé'”a powdeowstha au grains of glaas, inng betwaen  '

*jzo- and 50- mash acraans, careful,”*waqhed w h c@holktc a aonstanx msight‘ ;,»_QV

: : \50-45 (1922) w ';

110 W E. S, Turnar, "critioal Examination of . ﬂethoﬁs Gommnnly Esed in
ﬂetermining ﬁurability of Gaass" Journal saeiety G&aas Tachnolegy, 6, '

’fﬂ 12. V. Dimbleby and w.m.s. Tuwnar, ”Relatienshlp Between Chemical Compasitieu

: .gana Raslstance of Glass to the Agtion of . @hemzcal Raagents‘ PartvI; “:ogrnal ‘ “
. Socieﬁy Glass Tochnole&y. 10, 304~b8“(1926}.=- x E L e S A,




":77”;g1asa by'water; They elaima& ﬁhe

T mxumuamw;mmm,

ground Glass", Glastaeh} Bar..

o (192?).,',, ;

":-chemical camp0$itian” Glaateah Be

’-f.;_ 7 (10) 74 (1sze).




?{At a 3ointfmeeting of the German and English 91&35 Sﬂnieties in 1928

‘,a'campromise mﬂthOﬁls’.calling far theﬁmse of 1@5‘ mf eruahed glass ot

‘if,;Q.ﬁnto 0.&9wmm. sizevanﬂ?treatment orifive hours wlth water at 100“6. with f“tif.:

AR subeequant aetermination of the'diesolvad material, was pr09@sed~,{f

"“,:,iS. ”Proposed Standards for Hbasurin’ the 3 fﬁiiiifbo?;éléagﬁg'Jé m, S

;slass Tech., 12, 87 (1928).;:

JVfgilE. E. Fiacher and s Tapohl, "80lu ility of " fasaesvin Watar" Gigstéeh@}fﬁ”,}ff7
;“B&ri, & (9) 532~39 (1928) Geram. Ab .,_e {1 _541 (1gag), e

a, 7f17. 0. E@tvinken and A. Tanchilev,teh,,"Depenaanee er<Alka11ne aﬁd Aeié e
- Condition of Glass on Hydrogen~Ion Concentrations®, Z. anorg. allgem. 3hemgs‘ SR T
88, 356-60 (1928); Ceram. Abs., 8 (9) 647 {1929) e BRI

o 18. We Maller and E. Zsehizmnar’,’ Hot Alkeline S@lubility of m Firew IR
'73;]Polished Sodium-Lime-Silica Glasses as Qunetion of the Chemical Gampcsitianﬂf:'”
- 1;v_ij‘zi%pumarmsaa]., &2 );115«18 (1929) M. Aba., 8 (9) 535 (1929).;5 e




of &lass surfaca exmosed. Tha alkali"bssulvad was than titrata& uith

.N/.wo Hcl. “This memoa woum pro‘babl:r give consimm 1‘95‘11“ but the

:°:fffineceasity af drawin& ﬁhﬁ é‘»'lﬁ“"’s'f"“f~

' Litimg and tamperatuxé by 8 0°ﬂdu°~;

”‘Vlif:tainad\at cena%ant tamparﬂt“re f

: ?f ‘ity being msasuradAat desired 1ntsrvj 8a

¥=;iv'axpréssad a8 prefwrsnco for powﬂer ethods.Qb

%‘”'1f area, gooa glassea suffer 1ess aﬁtaek, poor glassas a great&r attaek"f”

' "“:1’*9. N s«:hnuﬂ. "Ei‘feet of Tima and 'ramperatux-e on’ Solubnuy of Botﬂe

“f °chnud f stuaiad the durability e£ glass in watar as a functicn of

‘”~.7torm of eylindracal containsra ef d:iinite ahape and vnlnma. Thel‘an%ainers ;T}L_ '

'ﬁ?]uara then rilled w&th wator~@f:y vimualy aeterminaa cgnductivity and]mainaw,

In 1959 Rexerzﬁ mado a cri’bici

,Ligggnaral he atatad that {1) with an}inereasing ratio cf volume to surface

aes influance thﬂ quantiﬁy and nature of material extracted- o

v'7ﬁa;»and (5) the manner af blowingvof aentainere haa an 1nt1uance ‘on thq Burfaeejﬁfﬁ“’

""”“;f".aummnty.

Flint and Lyle aftered a teat ‘ 1958, whereby bottles were fillod

with aistnlea water an& maintai :

Glass - in water;ﬁ, Sprechsasl, s:s, 769 (1930), Goram, Abs.; 10 (1) 25 (1931)”] -

. ’«"_aa. B Rexer;’ neritical Investigation of Methods i‘or the Determination or .;, '

481 98k} o

. Contelners”, Bull, Amer. Coram, ¢

Glass Durability" Karam. Runﬂschau, 58 587 (1930) Geram. ﬁba., 10 (?)

&lm Fa Cq Flint and Ac Ka Lyl@,

) 396—99 (1935).._»,-:,_ |

’auffieient ro&s that l cc. cf water was present for each square centimetor;_  *'-ﬁ

rada makaa it somswhat laborious, i;.;g,,_v;

ity msthoﬁ.v The glasa was made. in tha ff’”' -

derinite perieds ar tima, tbs condue ;'§l,{,f e

 9. durability msthods bhen in uaa and;fﬁf{ﬁ*;-,

Goneerning surface methaas in  7;12 3;f

‘vn an_autoclave ror six hours unﬁer a fﬁ SR

"Teat fer Chemical Rasistance of Glaasqf_??jlx;?'“






Shﬁrtly aftsr kha above metroﬁ had bseﬁ accapted aa | stanaard, Beran

q;fand‘scholes criticisad that regaralesa o ‘tha ia&xcator chosen cr tha

'7“jﬂjeara taken te aliminate the presence af C@B, the enﬂ pgint og the titrﬂgign

Gﬁﬂﬁ'is diffinult o fxnd aca ‘ate1y because of’tne %1gh dilution sf the reag@nts.ig;f:it

' fyﬂThey then advoeateﬁ a mathad for

;;mating %he dissolved alkali by pH

‘-.f"datenminatians.v This_m thc&'r€;;jff

'*ffflowering Qf the thrﬂgen~ion eon‘

:i*aint@ the seluxion,<

'”"f.Tantative Methoa. 0ne aﬁvanta&a is !P 9f 

'f‘ifi: G92. a third advantageiis_%mavj;_ertest is‘not dastruetive, That is, the "“f

" at longer intervals of time.

A;;;QV-SS. a. T, Dcran and g, R. Seheles,."nurabxliby avkaaass-hstimating DiasolvedfﬁJ?”‘”'
' *§Q~A1ka11 by bﬂ ﬁstarminaﬁion” Journ, Amer, Ceram. Soc.’ 35’ 91 (1949)'__, RO




RY

":eratur ﬁerau'and 60h01e334 aavn

v-eate& a ga mathod fcr detarminingnt} The theary

VJT behinﬂ their methad was that tha chanza in pH Of‘the ﬁigaatinglgﬁd‘um

"*‘representsd the lcwering af tha‘ rnaentration awing te the

entrance ct alkﬁii 1nto the soluﬁicn anvsraiou af this valua ta an

: in pH, carrespending to 0.0@01 gms; 1n the“usual éetermination.

- T R ¥ Dovan asd 5. R, seholea, "mrabili‘by f"masa - Estimating i,
. Diasolved Alkali by pﬁ Detarminaticn“' 3ourn. Ammri ceram. Soe., 23,\91¢2;@3ﬂ,1j N
HEC TR S o | |




: thh Naaﬂ it s deaidad, }m' Co




Fig. 1
Diagram of Apparatus Used in the Titration Method
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A Comparison 'o{.rq;i"agtlgicj{ég i’arl&easuring theDurabilityofSod&-Lima Glass

ﬁ‘i Introductionlb

The ?rimary ebJect of this thasis was to invastigate tha pﬂ mathod_fer

"’7*ffmaasuring the durability or glass as eampated_to the American Cerami‘-Society

' {_‘-that tne pﬁ methad coulﬁ be impraved upon b

convertins PH ch&nse” in’“’ Emm °f N&‘w‘

w  Tbntative Mathod., Tha investigatlon thua rar has leﬁ the writer to‘believe:

It was thererore the object of this’p' ; er the inveatigation to make

_ia comparisan of the threo methoﬂs by mean ar”aetﬂal tests, namaly:

(1) The A.G.S. Tentativa uetnoa”

(2) The noran,uethod - conVerting pﬂ changas 1nta gms. or Nago
. R by calculations ’

(5) The Experimental Methedevcenvarting pH changes into gms‘ ot
S il -~ Nagh by- “'ation curves. R

To make a. trua comparison n“_b ?'thods 1t was decidea to apply a %

»: statistical analysis to tha raaulta tc d ,ermina if thare was a 5ign1£1

‘} aant differenee between or wi%hin the tbrae methodsff*

' vfnnrability tests were mada?lpen7thxee aodaolime glasses*';ﬁf

fiﬁlaas A - Gcntainer glass (Whiskey‘bottle)

";ff:glass B - Flat glass (Window pane)‘

i ;Glass c - cgntainer glass;lfruit jar}v

: 1ng a different ma’shod for -

"The glass samples wara prepared saparately in the following manner»‘f;,}f_jﬁﬂf’




inch 'in Si‘ze‘

- inch diame’cer. Tha peatle was 1n rt

. 3 or 4 timae. | The aample waa empti,

[ This procedure ms continued 'zmt

:minutas. Tha glass remaining an ‘ha,"

g of the sa.mple was placed S.n each 'a__,




;eeator:aontaining aativat ;Ai {:f;;; f;‘

: ne4digastion uperation.‘

digested with appraximatelyfﬁfff]f"

>'th” aeid Wﬂs Pcure;:cutAandj7;r“'"'""

- the flaaks allowad to ﬂryav The ezaet normal ty anﬁ pﬁ af the HgSQg, pre~ ﬂtf   o

; parad 1n Part I, uas determinea an axacﬁlyvfozec uas aaded to each flask.

i ' ;fFrom the previouely~praparad glaes to be teeted 10.000@ g. samples uere

placed 1nto f:we o!‘ the rlaaks (the sixth flask was used asa blank), ami

“ﬁ“ffthe flaaks ware stoppered with ane~hole (3/15") rubber stoppera. All 51* K

) "flasks were plaeed in an oven (Fig. 4) whose temperature uas cantrelled at

o 7900* 200. and heated ror exactly four hours.:{}f3“w"'




’*f77Tasting At the end of feur hsura thef lasks ware removed from the oven

:;'and coaled qnickly under water. Eaeh flaakﬂta 'carefully ratated to take

"»»intc aolutien any drops around the:edges, Appraxlmately 3 ml, werevpoured

: Téﬂfrrom the flaaka 1nto the amall beaker af ,he Beckman pﬁ mater and pH read~ pEA

':'5l g1ings were taken ror the solutions'in'eae ‘flask. The 5 ml. of soluticn f ;fv'§féw?

“ *fj’was thsn returned to 1ts reapectiv

- _'1n Fig. l was used.‘ The-sclutxcn-ﬁﬁﬁsn

To each of the rive flasks‘ce tain:ng glaas samples five ﬂrops of the'
“ pheno1 red indicator waa addad.f};heisalutions 1n each flask were then titra-;bf:ff
X ted with NaQH, uhose exact normali ¥ was ki bwn. until about 1 cc. was added

"in excess (arter the solution turne pink)?' The titration apparatus shawn

en’ 1mmediate1y,titrated with 33304,

'uwhass exact normality was known,fV” 1 ap_cauaed ﬁhe coler %o ehanga

.'ff*from pink to Y6110W3 The exactzamount o NaOH'and H3804 used was recordad.lg;z“-"

“751”.obtain rurther 1nformation. ,ﬂwﬂ

Ths blank solutian nas thonf oas :z,tarmine its exact volums.;-f" '

_yrnamed. Raaults were racor&ed jjjw%.-"

7 13 Tables IV, Va Vx. and VII¢: Ad atribution pllﬂiwas mada to give a alear j%“ﬁza“"'

;5,0verall pioture af‘the results, and a statistical analysis wns appliea:toff?_p7§f7 f'
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