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nfEOOaCTKNI

Vm fsUMwtttff •^nAf ef mv«v«1 ef th« soli adJMrftlt

hmti b««n undertaken to fellow the etruetarel eluHic** ^Nwtag

the •dMVptieii of «eter i«d te ebeeir»e the MMmer In ehieh

the pertlelee of eeil adnerele eettle cut from wteywJape

in veter rether then te eirlve et e etapuctture for wmf ef

the «tn«r«le etudied* It la hcred t^et thie ettt^ ef eene

ef the ppare Btaerele feaaad in verieoe eolle m»^ be of velue

in the etttd; of the WBve ee&plleeted eoll Iteelf •

Te inveetlirete the etrtietare of e eabetiMee hf aeeiM

ef UMPKjBp uee le mte ef the feet tliiet e eryetelllne sub*

•teaee ecnelete of repil«rly ej^eetf etom mtA ^mt theee

etOMe fern pleaee within the eryetal* Sitiee the diet«uM

IwteeeB theee ylenee le ef mpptma.m»%*lj the eeae evder ee

the veve length ef x«>r«7e« ^len tiMi mrystnl mmj hm ueed ee

e eetiefeetersr diff>eetiea ippetiar for x«>r«7e* The areff

etifcea ef s^rey eaelyeie Mdicee uee of the fellewini; siegple

le«» B 7. ** ta e&B@ where A ie the diete»ee hetweea Vbm

plttfiet of the eryetftl, ^ is the weve lei^ilii ef tlie iBeident

redletioBf «nd e ie the e&fle ef refleetioit t9^m the pteeee

•f the eryetel* a repreeeate l^te order of the reflection,

end ie eewe eBell wheXe number* Za thie Mellted ef eaelyeie.



th« «ftf« length > !• Imtmn tmmtrmt^lj ftnd th« t«i S6e«n

be obtained frott tiM filn wm»mxr^umt»m Frcn this the eia

e MM be eeleoleted end time the retie ^ b«j be evaluated •

Sinee it le ueueXly poeelbXe to deteralae n, d mmf b*

found* In pmetiee^ the erTctel le eecllleted ebout «Qe

of the exee tiONM^i Idw voviired angle to obtain the dlf-

fl^etion trem «be plaaee* Thle aelbed of eiiftlyeie la best

need with cryatala of eafflelent alee thet thejr aey he

eeally h«idled«

In the felleiving lnveatlf?atl<m|r the particle siae of

the adneral ««a far t«» aaall to pendt the uae of the

«»«iea deaeribed* X)«bye and Sebevrep In Btnrap* and Ball la

Aeerlea diaeovered lad«peodently that a po«d«r aay be ueed

very aatlefaotorlly* to a eertfiin extent « in a deterailne-

tion of the etrueture. Admoitafire is tfiken of the feet that

in a fWHider there ere a lar^e namber ot alnute eryatala

•TfiagHd in an entirely ehaotle aMUmer, but in thla abaetle

wnmatgmmt tbare are «Beii#i pertlelea altuated In the

eaweat position to gli« dlffraetlon fre* anQr ene aet of

jlUmmm* ^^thenuMreg be«Mnee of the large nwrtiei of partl*

elee In the readeiB arrani^eMant, all the planea are repre«

•ented in the pattern. Thus, e diffraotlon pettera of thle

%f9» eenstste of eoneentrlo rlnge aroand tba prtaary beam*



iMli vlat is of unifofw tntaiuiity mA «orr««p«aA» t« mm
pcrtiealftr »%t of planes ct • Altttrntm* d fire* Mwh •Mmt*

0««<K[a«ntl79 this nathefi of obtttiainc • ilttrmttitm p«W

t«m lend* Iteelf partieolsply well to • mtaOf of the soil

inerele enct the ^MBeM they wiflerge vhMi tbey take up

vftter efiether th» elumiee ie the feiwetioft of « iKif<iw< or

aerely evellir?:*

In the pewiar p«iiteiti« the pertielee ere eitueted In

•B entirely raadoat poeition giving rlee to eoneentrie ringe

of tmlfora intensity* If e fibered witeriel is x«reyed

ineteed of e pewOer cn« the dlffreeted reye reeerdeA ott s

net film pevpendiculer to the priaery be«B« the pettevn

will eeasiet of rings thet ere net of unifom intensity*

Insteedy the dlffMietiim rlnfra ere VMPy intennse In eertsin

teeelities indieetlng there ere aore pertielee eo sltuetea

top thet pertieuler refleetiea aikl In other loeelitiee of

tlie eeae rin?, the intensity Is very week indleetins oBly

e few pertiolss oriented for thet reflection* Thus* e

fiber pettem eoneists of eres or epete throngh iliidhi Miy

be dreen e rinr that would ordfnsrilT escist ia that po»

sition If thsre were no orientstion*

•taae the Indlvlduel partieXee of beatoalte^ pjrephyX-

lite* talc, and the mieae eve thou^it ta be plates or



I.Mi»ll«p In timff th«n* ttpoa 0«ttliftg ant tnm wiipWMitBa

In vfttMP onto m iMPoHi wartrntim^ th*9« p3.at«« ^Mmld atowi •

fadaaty te Xl« flat oa tMa •orfiio* insulting in • tufmr

of partielet that lw« mnv tufmamtrj ttum • raadiwi mermi^gB^

WMit* B7 earefolly riMnovtag muA drying tMs ftlB* it say

Wi «sa«iiMd toy xHraytng aMill atripa eat fibara eat twmk Um

Ariad ttlm to taat fer any einriantatioB of tha partielaa*

fha kiBtf «ad alca of particlaa and the tiaa of aattllAg

bafera lna«rtiBg l^a flat aorfaca to aateh th«B ara tha

Meat ii^jportant faetors for obtalniBK gaad orlantatictt

pattama*

SX9tt9 OF ^ft fiimiifaft

A at«dy of tha Moiatura eoaiafit of aaila and aail,

taatrala ravaala that tha aatar takan up and hald hy tiM

aoll aaiy b« elaaeiflad into diffarant fstompmm Bavar and

{1} eoaiaidar thraa fproepat

(1) Coadiinad water« or water that la ehesioally boond
iaiw tbm atvisamire*

(e) Adaarbad water» or tliat vater imieh ie edaavbad
tba atirfaea and in tha peoHia of tha eollold.

(8) rapillary and oaaotieally iaibibod vater*

fha aaai^inad water aonaiata of ttoa water that la drlvaa

off by ifBitioB bat not at 110^ c« Tbo adaaabad water



(hygreteople «»t«r) 1« th« tnoimt of vator tafets mp on titm

exporar* ef tti« dry Mib«t«ii«« to an fttBossdier* of kmemm

r«lfttiv« tamddltr* «i» ««plXl«ry Rn& eimotlea?.!^ lnfeib««

«»t«r la that water Mkaa «p by tba aabat«iea atoaa braagi^

into contact vlth a vatar surfaea* Thm axaet nature of tha

feraaa abieh bald tha eaaetleally labibad water are not

knevn (1S)«

Salley, Smnaj, and Brevn (It) f^irthar define tha

*adaarbad water* aa that asevat of water given off balow

400^ Cm They alao apatft of *«ryatal lattlee* water and

define it aa beinfif that portion of the total water i^hiefa

aowaa off at tt^ nearly vartiaal Utmaeh in the dehydration

eurve* The adaorbed water« ea they apWidt of it» «ay ba

diwidod into two groupaf the feldepar and the iMntonitie

typaa* fhla division la l»aaad upon the two differant

icinda of dafafdration txirrf m» glvn by the feldapara and

Vnm bwitonitie typea of winerala^ the forater losing ita

adaarbad water at a ratiiar wnifam rata and the latter

loaiag i^aat Ml per cent at 100 C« An explanation of thaaa

differeneee ia offered by ealllnp: the faldapar water "brodren

bond* miter and the bantonitie type aa baiag 'n^Uaar*

water*

9mtt§&r <10) depieta Ma arrangawanta of tiltraaaarlna



(• nlxMRna vsry •tslXar to th« s«oXit«» and having • lemrj

hii$i hm— mtiittmm eftpfteity) in wMLtft «n irriligtwnt of th«

•ilieoQ ftnd •ItodinBB UilapalM^Srft fdllovs « eavlty to tcma ia

tb« e«nt«r of the •ptt«< flywipiftg* Zt i» in this ••vity

thmt a Xttrg« txasBbme of tho exehangMtbXo •«tion» ftnd XeoteXy

lk»Xd vitter M>X«ouXe« •xist* At the •dgec of tho crMng**

«ont« thero oxist brokon bonds that •ttr««t ths strongXy

poXsr vster SM>l9euXos mrt& they are thas ti^tXy heXd* SiiMHi

•Hmt erreageswats of the tetrehe^e «re poesibXe, «n «»*

pXsnstlon of thm beatenitie or pXaaer type cf veter is

offered, Itore ISie *Sl<»0^i* eod *Olliax«€e* plaaaa «MPe

ap of riage eoaeietiag of six Xiaked tatrtiwdMPa end theo*

retieeXly, et Xeest, have «n infioiteXy Xeirge eree* The

iaqpertent festtire of these pXeaes is the a1ie—ea of baNsfeMi

iMMids «nc free electrle fleXds vithin the pXene itseXf

•

The <mly ettreetioa pvaaaat in these pXeaes is the «ai^

extrs'-eojis eleetrie fleXds und eeaaeteeBtXy the "witer thae

heXd is eesiXy gliwsi off, even et Xov teapsvata^Ni* ^is

type of «eter» then, is heXd betvews Xsyers within the

aaXetmXe sad Iteis e large aaoaat of tsatar bataaea the

pXaaea voulc tend to eaase those pXaxtes to be aaeXXed

apart* iRiis phaaaaeaea has been reported by liafaann»

»ndaXX» and ViX!n (9), Sefaima and mv» O), and BradXey^



driiB, wrA Clark (e). lott of th« mrelllng t«k«« plac* be«»

%»>»u th0 001 plan**.

Sallay^ J«miy« and 9pmm (ID chov (trim tih» <1i|<p»«i

tion etirves) that baldelllt« and tha bantoiiitaa eootalB

eoR8ld«rable adcorbad vator and ara of the jiUmmr typa,

iftaraaa kaolin aiMS haHo^alt* lOsov th* praaanea of eosaid*

arabla eryatal lattiea vater* fbmtm mirvaa agrae veil with

those glvan h^ Roaa and Sarr {14^ 15} •

It haa baan auggaatad by Iharrx CIS) that hantonita la

• mm dl«atiaional eolleld batn^ «i«raaeaple in taNMdtti bat

of eolloldfil thieknaas* Roaa and MHinncn (16) ahov t2»t

%hm aaat Inportant oosatlttt4Nit of aartain baotcmitaa la

tha aieaaaaaa erjatalllna nlaaral^ Aontciorlllonlte and

a<*nel\ida that tha cryatals of bantonite ara laaallar in

fen. xailay, Dora, aad Brean (11) agrae that ^i» la

likely and also report that bant<mlta aataratad with

varfoua axehani(aift>le eatlona pArmw x»vmf x>attema aMantl-

ally tha eane aa tha orlgisal bentonita*

fha verk af tetmm (S) baa been of great Taltie in da*

tandnincf the aataal fftr^TOtt^ra of nany of the ainarala and

nattirally oeenirrinjr^ alltaataa* fiM aataal alee of tha

individual ion ia one of the datarmliiing factora of tha

of tha building vnit in aoBatruetinr a eryatal, al*



tbottgb t% •mmt^t b« »ml& th«t ftziy |«rtl0aXftr ion ham m

rigid tomiAmrj iR«ia« «l\i<sh all the •laetrons mrm gr«ttp«d»

it IM7 b* ••wwi that vaeh « hypothetical bonei^Uiry exist*

beeeuee the repulsive foreee do not pw«it the upproeeh of

«M ten to eaoifaer eloeer then the YaXue of the Irttm^toade

dletenee* These ione^ then, oey be eoneldered ef ivpeite*

treble ei^Jieret of ehereeterletle dleaeteters* A fev of the

ionic redii in S« (Sn^stros tuilte} es lleted by dnigg (8)

ere ee fellewet I* 0*96» Kg 0*78» Al. 0«67f SI 0«39«

C 1*S9» Ce 1«06, Fe 0«aS« end Fe 0.67.

BkHMring: the reletlve slsee of the verloue Icme thet

«eke up Uie eiliefttee« it 1» nore eesllir see& vhy tlie ele*

Mite errKige themselves into e tetrshedren or eetilMkliron*

Aeeordlng to Btmm i^)» Clerk {4}« end Vyekeff il9), the

•ilioon ion« beeause of its »»sll dismeier* is eXwsrs fovuad

loosted betvsMk four ozirgec etc^uB* The sllieon'ooxygSA dls**

e
fkantte is given bjr Bragg (3) as 1*6 A« and the eaqrconw^xy*

1^ (Histsnce a* being £*6 a«

The frsMNMRrtc of the silleetes sxtij be oeuaidered as i3m]

result of r, liideiiigt of ttjo silicon tetrahedroas in a saiuaep

aiioiler to thai of polynerisation* The alsipleet ere the

orthosilieetes or tbose eontsining s^(NHNite 8i0^ greoi^*

laaii MqnieB is attai^MMS to tm» mnA only one silicon stoe,

title ether homA beine atteehed to srnM setallie ion. Tee of



•tow to team Vb» group Sl^O?. The exmrnon oxnm l» thl»

onam Is ltt«rt« Xevrine the tihre« oxysMia «i •Mb •nd of tti*

40id»l« tetr«b#di>« «i^ «n« n««»ttv« «lwr8« •Ach, Th«<« laf*

cell0d Vtm eetlv« points of the eoApIex and h«T« eatlent

attsclied tc t:<er;. Tbree of these groaps attedbed la Stt^

• aenoer to few • ring give the groaplBg Slj^O^* A ring ef

foi;r tetraliedra la given by Srsgg (S) and by Jaeger (10) as

the lllEoly Btrueiur* of certain zeolites althoH^ thej

thlak that tbeee rings sop* lixsked togeth^ by >luaimui>eaiyi»

^en t«tnb«dra. Still sttsther possibility is the six

tetri^wdroa ring bsvliig the group SlgOj^* Cftisine of tbse*

•iz aertngsd rings are fomed slMn tike rings Te joined to

•ssh othsr in s fashion sisdlar to that of na^thaleos snd

«stfersssi»» ^isete of these rings sre foraed sh«ck tbs

rings are joined to eseh other in a fashion sitsllar to ^uit

of phenanthrene*

Ase^rding to the aeeepted ideas of the etruetors ef

tale« pjrophyllite, Icssllnite^ end the mieas* as giv«ft by

Brs^ (8)» and VycOeoff (ld)« the stees are srrangsd in

sbssts« Bsssuse of these eheets* these adnerals pesesss s

fls&y structure and eleave easily between these thmmtm,

gliring rise to soaller particles of lasellar shape* This



«»11 with IUMI9 Mid ihtumem (16) and S«ll«7« 23«f«^

(11) In th«t th«7 b«ll«TC thftt th* erystftls of

bittcnlf and aentaorillooli* «•• Xaai^IIar la tfMip**

Bandtl^i Mid Vlry (7) r«i»<Hrt that 4arl&g th« •T«p(a>«tt«i

tti dTTin^ of ansponsions of eertidB Miiiorols in witer

tlio parti eXos twad to oriont thMUMlvos into m regular

arrang—

a

at as vaa aliovn by potgogtaphle atady* Clark,

Oria, aod Bradlay (5) have obtained x«ray pattarns froa

flakas of kaollnitie and aleaeaous elaya which ahov a

fibarod atmature*

Sidari (17} reportad thara aaa no diffarMMta in x-ray

patternc for dry and avollan soils and eoncludad that titm

erystallina aubstanea did not taka part in tha availing*

Ra 8ho«ad, heaavar, that the main eonatitnent of tha

avyatelline aatarial atudi^ aaa fuarta*

Ftgara 1, taken froa Roftenn and Bilha (e)« dapieta

thatr arvaagaaant of tha aoi^acrlllonita crystal and tha

variable 001 spaaing within whleh tha iwtar aay ba aA»

aorbad* Figure fi, aleo fran lafaaaR and Bilka C8}, ahova

an arraaeaaant of a ailieon-aaysaa plaaa aad «ha brafeaa

teNSda idkieh reault froa breaking Ittia «ryatal* lona or

aalaoulaa hold to thaaa broken beads are tightly held bat

are replaaaabla*
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If

Ma&mll, menR nils {9) i^fcrt«d that bent<»tlt*

mmi r«latM elsyvy npom fMlMpptlon of wmfr er other

polar ««^p«B]id»|» oxhibits « r«>v«r«lbXe* ono <I^B«»idLotMUl«

iaiMP erystslllne avolHng botvoon tho 001 pIaxhes of thm

mmtrnmlXlmAtm erftnl* notwrnm •mA B&lko (8) fomd «h*%

iho awsijtua •vallixis ia tlio 001 •pMlogs of •odius aoiat*

«rill«idto «•• Haeh Isrgor than that of tho hytfygo «r

ealeluB fltttoratod M«i%Birill«Bit«. Thl»» thoy say^ !•

•vld«a«* tlwt 9om» of tha •s^i«Ag*«]»l« eatioiM aro balA

vithln tha variabla apaaing of ttia eryital* f\trtbar«oray

lf>if>iiM miA aaaoalaiaa (8» 9) and WfmSl^f, driB* aM

Clark (C) «h««ad that tha Mtptitada of tha 001 apaalnga of

99mm aail nlnarala dapaaita ob tha aaawit of aatar in tha

Wi^pla* Oiaaakrlng (6) raporta that bantonlta aaturatad

vith varioaa lar^a aabatitttta^ —wftnttMi iona did ttot aho»

tha aana avelUng of lOia 001 planaa Hmhk traatad villi

witar aa did tha ealcioa^ hydrogmtiip and aodiua baatoaita

alMMi aa traatad*



wxnstGOBniSt nraouwitE

Iwflrii «na Pr*p«r«tion of ltet«'l«l«

mnmt^ tlM HmmI KlBtvttl C«M|Mngr and •««• Apom varies

perts of Kb* 9iilt«d £%•%••• Vh* MBtaaPtUoalta ••
Tsvapal eaoBty, Arisooa* the k«ellB «•• takan fron

tttahall aanaty, Sagrtb Carolina toA eontalB^d no Uapva

Inapa* ttom a«tflp«a of tha pyreplqrlllt* «»• a*«r Badin^

•arth Carolln*. Balli tha halleyalta and allophana wmm

^tainad bmt Badferd^ Zadiana* 9ha banteaita vaa a Wjo*

adTig t;«iitoBtte« All tdia dnarals aaawad to ba fairly fraa

frmn liqpfavitlaa axaapt tba balloyait* itdl^ aantaiaad •

fav ineluaictta migp:%mtlne tha ppaaanaa of iron, fha montm

MerilleBdtta« pyraiAiyllita^ halloysita^ and allophano^ aa

flia ealoim aasd mmtmAwm Mtturatad bantonitaa ««p«

aibtalnad tv^m tha iaiMaa Ap^lanltural niparl»ant statioii.

Vha potaaalim bant<^alta mm pMtpmfA hj tlia anthar ^
loaehiikg bantonita with a aaturatad aolution of potaaaivai

ablarida to rasova tlia anjhaagaabla baaaa« tha hantoaita



«»« e«ntritU|p»tt irva. 8U9p«a«i«a mttmr •mm ImmtibiMg maA

IMS wigl><4 MMM vilte distilled ««t«r ititf tbMi yp—

f

dly

vlth 80 par ««it ttthyl uleeliol till fr«« fron «iilArid»«*

T« parvvnt MdEtiigir tiw pot««»itw b«tttcttit« «m <a»h|'^«f4

\fy m proceav of wMfeilJifr^ first vi^ sbsoltit* sleohol i»A

%^mi with Mlif«9y«u8 other follo««d by rspld fllt«ring mxsA

tfrytag In • vMrnm 4milee«tor* This i^^oeodurs rssultod la

&HN^pt fcKT th« b«ntoiiit«|, frtili^ mis >lr»«<y vsry flii««

Xy dlTld«d^ «11 the aift«r«t« wsre further grwtOMS. Th«

WNBtwnrillooltSf pyroplirylllte, iM^loyslts^ and slloplMBa

««r« Im^py a»d had to ba first aruiAtad and ItMHi grauod in

ft Iraun pQlv«rls«r» this paredttet rsfrsaanta t3am ansAaly

graimd slnaral* X^ray dlffractloa pftttams of tbla fgadaat

(in tiMi oftaa of porro^tyXllto and kftoSls) IMlaatad that

ttia partlclaa wmf atill rslatlvaly lars«« T<» attain a

adnaral of still amallsr parti cia elsa« tha Maq^laa ««pa

ground in a ball Kill eonstruetad of aolid ataal^ tba baarl

•f ahieh oaa two and OMNibalf Inebaa in dlanat«r and fe«rr

and otte«b»lf inohaa daap and tamad oat in aneh a atacmar

^•t thara mmem no earaars for tba aiiaaral to gathar In*

fha top of ths boal was tumad out In a aiallar fashion*

Sixty stiMil ball baaringa« thraa*aigbtlis inch in diaeMt«r»

wrm usad insida* To pravaat tba aiBaral trim alingiag to



th« *lA9m of tb» txnrl va6 the buXlvy th« bovX wma p&tttmlXj

filled with petrol«fini vth^r* A l9«d gwricet prnventcA Vhm

•8«ap« of th» fitold* Ortndiln^ in tbia ball adlX froB tmn

to twmty«»faiM» boors rodueod tho inmral to i^rtielaa vt

•Isoat eolloldsl sis* awl g«va svaoth x-ray diffraction

ipattams* At %bm «b6 of kba grladlag ayaratlon. It ««a

anly naaaaaarr to avaporftto off tha patrelaom ather to

obtain the Apy pavtevad aatarlal*

Iwray EisuipsMftt Oiad

tha amradlatlon vae frets a Fhtltpa itail»llx FMn

Stpuktur x-ray tuba as^loyln.^ a bot filaa«nt a»il tvgptm

tapieat and wmm oparatad at a potantial of ST kilovolts

mn(% a oorvant of 80 to S8 BilllaBipatva* Tho racilatlon

filtarod vlth a ai«^!cal foil 0.001 Ineb thi«k to givo

naarly imiOfdiroBatlo Cn £&< x—raya of twva lanfjtli 1«84
o
A*

IBm Itaaawfaslon patt«9*na «a«o abtatnad by iMttntiag

tha aaapla of«i» «ba pinbola sTStaai thtougti ahleb asiaggaa

a aoall "panall" of x«>rays* '£iM dlffraetad x-raya mmf

faaofdai nyan a flat film sat parpaaAioalar to Vbm yrlBiairy

bMM aw! at a diatanea of 8 aa* ftraai tha aaaqpla* 9ha also

of tha yiidiola varlad fvosi 0*0?5 to 0*04 ineb in dlaawtar*



Zn obtalnine th« long nsrrow pfitt«rn«» a. round

was uMd in idhleh tiMi |povd«r«d stteple vfts shaped into s

wt<n moA mmmt%& at th« e«nt«r of the ommt** A MwU
%MK Of x«r«7« ««8 6lle««d tc imping* upon thi« ««i

its si^io «nd the ^iffr«et«d x^rayc ««re i>««GrA«d ttpen tb«

liemg nmrrp& filn bald in plae* c» tha eireoaUTaranaa of tha

•Msara*

Sinea tha diataneaa batvaan tha vavioaa plaaaa af

•adivii eblcride are aeeurfttaly Imean, this aubetcnea aaa

uaad to eaXlbrate tha rounti aanara* tiM flittaneaa (««•)

trcm tha undaTiatad ba«B to tha linaa on tha film
o

plottad aeainat thaix* Intarplanar epaaiaga in A* to that

in ordar to obtain tht interplanar tpaain^a it vaa only

tfe*m—gj to naaaura tha <siBtanaa ea tho fiia and yaad
o

Uia spacing froa the graph diraatly in A« Vhiai aalihratioo

alinlnatas tha arrors trriat aoald ha aausad by tha filn'a

not bainr iaa«t«d axaatlj on tha alr«aitf«r«naa of tha

Satwradnation of Adaorbad Water

A atudy of tha adaorption of water by eartain of

ttiaaa aiaarala tnui wiftarfcakan «Dd tha atmateval



in the ainsrid** %»rmj dtffrftetlon p«tt«ni* fh« sSiiArslt

Mqpleyedf for thia tatfy, iwre pTroyl^Xllts, »Qftte0rillo»

iiii«« b«&%«Bit«» Mi6 bWDtonite saturated witti Ml«i«i aaA

inwlwi lona* fba »»tb«a ««Mi«taA ef brlagiiiir ««t#ie<

MH«9l*« ef tfe« Mts^ala to e«n»tttiit valgj^ 1b «taMpli«r««

«v«r 10, £6* 46, and 99 par e«nt aolforle aald aolutlaBft

kapt In daalaeatora* T1m» total awmnt of vatar held liy

ttie a&Bwele la given in Teblea 1 and f!» At firat aone

diffienlty vea esrpwfieaeed in tiringing the eaaplea to

eemtent eel^t d»e to the fl»etvi«tione of the reoai teaM*

yeretere* Keepinf tlM tewperetttte eemtant vithin ft® C«

eXlDlnated aeet of thia trouble* ttaea e^llibrl\» «»e

reeled (neaelly in about four to eiae iNMits) aaeq^ee vera

roBMvad froB the deeieeatore and (jaleiilj aealed into the

nolatitre tight eell with aiea vimdewi end x*reyed» fe

abtais thm —ttiiaai avellinr pMieihle, the aiiMral wee

atirred np elth en exeeae of diatlXIed water in a teat

tabe end allaaad to aoak for a period of tiant (neoally

froai three to alx daya) mad then aealed into a aoisture

tifrht eell with idaa vladava aaA SMPayad* the viBiaMi

aaellin^r aae datMwiaed hj igniting aaaplaa of the ain*

arala and xH^aTlng then aa aeBtienad ahave* fhe s^ray

^1^1^



9fttt«m« for til* BlMtvl* thas tr«ttt«d ««r«

th« r«tuXtfl ar* givwti in T«bl.*s 9« 4« 5, 6 «ad 7*

Ori«ntfttion of fftrtiel*tB Sttttllng trtm

fbm tcii^s* to bo x*r«yod ««ro yrop»o4 in tbo fol»

iovtor Momort

Approxittotoiy OMi ^pwi (0*B iTMi for «X1 boatonito

•i«iploo} of %b» omidoly ffP^ttnd viiiiapol voo thorou^Oj

OiMdMn up in 100 ee« of water in « YOinvotrie flock oaA

•ilo*o4 to oook frots £4 liewtrt to 8 vsoko to inturo

tlMTOOfih vottittg of «bo Mwpio* X^iae this Mticillg

poriod^ tbo ottopoikoieii «•« flt^o^ontly obttoa* Aftor

thwoni^y cotieittf;, tho otiopoBoioB vm CiCAia ohokeB*

yoorod into • eloma 100 o«« bookor oatd tho portieloo

•llovod to oottXo for a tirao vorying flp«i t»o aixitttoo to

•is hours dopo&ding upoa tho viaoroX osid tho oiso of tho

portieloB. At tho ond of thio oottXing poriod^ o eXo«i

gXftss plato ((aio«hoXf of a mleroooopo oXido) «&• earofuXXx

«ad oXovXj Xooorod into the suopt^on eo o« to eotoh tho

riMO lfidor of tho oottXiac p«PtioXos« Whon tho oooponoioA

h«d oXoorod or tiribon no eh«igo «m notieod in tho aunt of

ttOtorioX roaaininir <aop—dod» tho gXooa pXoto was aXooXy



e«r«full7 Tmmf96 wmA •llov«a to dry« amAlly frea on«

%• nv 6aj9n To b« x-rfi7*<!, tb« ••plea ««r« «at fMa

th« fl«*8 pl«t» la th« f«m of • fit»«r with • sharp raser

blade In such a maimer aa to tir«rt a aaetioa of tha aettlad

flla approxiBfttaly one-fourth to ono-baOlf an* wite and

five or aix am* long; and of tha tliiakiiaaa of tha fila*

Tbaaa flbara vara aeantad aata a aaalX« thin piaea of «oa4

In attoh a ann^r that the x«ray baaai aaa paaaad ^aum^fk

tfaa fibar parallel to tha plataa hat yarpaadiaular to tha

<iraatlon of aattllng*

The total aaoant of water taken n^ aad hald by tha

*aiit«arlllonlte» pyrophylllta, and the ealeltw and

aaMQBiWB bmitoaitea upon the wqpmrare to ataaapharaa af

varjiar relative hnnldlty le iirlvan In Table 1* Table t

givaa alsllar data far the original bantonlte. The per*

aentaj^ea fgirmn are baaad fip«m the Miffla dry a«terlal«

The eoneantratlon of the sulfuric aeld aolutlone referred

to in liable 1 «aa dateralnad by titrating portlona of

vaifiMid aaaaplee of the aeld with a atandard baae» Tha

aoneentratloD of the aulfarie aaid eolutlana «a»Maiiad in

fable e aaa datandliiad by their epaelfie gravltiee*



I

f!tnt x-r«r dlffr»etl©n patterns obtained frtm tSJ«

t«idt«, ttid «»<Mii«» b«t««tte tom^ \fmk m»mmiT*& •nd th#

v«2»*« of th« lnt«rpUTt«p «p«olnrni »• gl^MS In t»bl«s 5,

4, 5, 6 and 7» The spselnge «» expreewMS In A» end tli*

letter* foU««l»g tl» •pfteinc* dwlgnaie tb^lr Inteneltlee

•s follovet

ir» very strong
• « strong

• vmrj, very week

8p»elnr8 followed by Tim ere definitely present but

exact peeitlon ©f the line 1» Boaewhet uncertain.

fbe l«terpl*n«r epaelnjce of alr-arled eamplee of

pyi^fteylllte^ »ont»©rlllonlte, and halloyelte are fjlven in

fAle 9. Table 8 ehcma the variation of the 001 spaelnga

•f tba alnerale upon adsorption of water in atimherea

of different relative basiditias* Figs. S, 4 and C show

raapectively the z«4niy diffraetlon patterns for the air*

driad pyrophylllte, the pyrophyllite suspension fll» as

x«rayed r>erpendlettlar to the plates snd the sane suspension

fll» as x-ray«i parallel to the pletee. Fig*. 6, 7 and 8

give elKilar patterns for bantcnlte.



Flftt* III tthowa tfa» z«i>«7 dlffraetlon pstternu for

ealeluB b«Btonite with dlff«r«nt d*gr<M« of hytllratlon*

fte spots thst aproar en th*«« diff)motlon |ML%t«nui mrm

ImiM spots of tho Mioa ussti sfi windows for ths aolsturs

•ight ooll and In ao way affsat tha position or

ant of tha rings.



Tftbl* 1* Moltti'-rc eontsnt (In p«r ewit) of MifMriiU k«pt
ev«r anlfurle tteld tolutloBs.

1 BftrMiglib of Bit04 (in 9«r e«nt)

MiMTti r M 48 » 10

IdntMrilloait* 11.5S 8t»4S 45««' 88*47

»yv^«i7lUt« 7»«l e.io •»T8 18*48

b«iitonit« 7*6X M«8fi «?«55 S8.14

bfttBif V»M 14*97 18*99 £9*70

Tabl« e. •l»t«iy« eottt«nt (in per o«nt} of bontonito kopt
ovor Mlfii^lo •old •oltttlotts*

Stroattb of H^SO^ (In per eent)

74 88*8 40*8 £8*8 10*8

Per cent
wftter 1*81 8*88 8*84 9*78 €0.4 80.4
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Tabic 9* Int«rpl«n«r tpaelng* in A* for th* •fr«>^rl«4
•Miplod Of pTTOphyillto, wmteorllloRitOip «Ml
halleysito*

titsio wu&imr t Intorpilanu* irpariajf

fyrephyllito

i
8
4
8
8

iMltMrillOBitO

19.80
9#48
4*88
8*08
••84
8*88

I
f

1*

4

W^a»fmlf

eo.88
14.08
4.70
4.51
C.47

|l
too IndoHntt*

9*97
7.88
4.S5
8*88
8.fT
e.si



DlSCUSnO* 0? BEStJMW

tb» motmtxLTM content of th* KlnM>«ls fts gX'^n is

TablM 1 mtf £ ihovc tvld* variation* in tbo Mwuit of «ftt«>

t«k«B ttp bjr tho •rioaa Mintralg in dlfforent atBOsphoro*,

TIM OBtaorlllcnlto ewr 10 per eont ml/isrle sold took up

S6*47 p«r ••Bt of It* woigbt of ««t«r or mof thmn flv«

tiM« At ngwh ft« It to<& up eT«r fit p«r eont •aXforie «cld,

Pyv^^layllite 4o«l»loe Itt vatcr eontont fro* mi «teos^i»«

©•r M por cont sulfuric •el6 to eno ovor 10 p«r cont

mlSiwU fteid* Th* eftXelvBt snc antoaliHi b«Bt«Blt««^ Mole

up «.• «nC fow tlK«»« r«spoetlTol7, m tmtfh vator ©rar

tho 10 p«r e«it nlfttrle aeid ae they di<; erer «$ par aaiit

aulfurle acid. The original bentonlia^ took up alaiott IT

tiaaa as tmeh water over 10»5 par eant aalfurlc add aa it

did orer M per cent aulf^rlo aeld. It aHould ba noted

that the bentcnlte was brfittcbt to aanataat vaight crer dlf*

The ealeiuai and aaBOAlim bentonltea vara prepared by andMainad froa 15r» A. T« Farkins of the Kaaaaa Agricultur-
al npMfiaMmt Station*

The aoleture eantent of the cvigiiial baataaiite vaa datar-
wLaad by !*• A* T« Perkina of the Kmaaa Agrleultural• *"©% Station*



f«r«ni vulfurie fteid voXutlonfl thma thoM uMd for ttm

•th«r awterisle. At the end of th« moisture det«FBin«tl(»i

for the eeleimi anfi —>»bI«b bentoiiitee« « bm>16 i^ipe^Nkl «b

the •urfeee of t*se idnerele kept ever 10 per eent milfurlc

•eia*

The x«raj cifirectlon date* ee given in Teblec 9, 4«

€, 7 cud 89 iliee that eeneiderehle eheafe ««ewp« in ttM

lefurer epeelncra vImki water Is in^HMlMKid Into the aMnpla*

niaae ttmogtm vara very Xarge for all the nlcerals

atadiad, axeapt pyraphyllite* vhiah tOnemm praetically no

ahaiiita aven fetr vide variations in treataant aaah ae heat*

ing in the aaffle at aoaicinp* in water*

M^eorQlng to RoAnann^ lndell« and Wiln (9}« Hofmann

and Bilke (B}» Bradley, flriiiy and Clark <e), and Siaaaieing

(e), the 001 spaeinf? is the inneraoet ring to pptmUmmi^ in

the diffraction pattema* In thia atudy^ it was thia ring

tiiat vaa aoat proninant and ilMHrp and tewed large varia*

tiona whan the Binerala» axeapt pyrpphyllite^ W€r9 treated

with watn*. Table 8 givea the valwe of thaaa apaainga for

tt» different vinerals and the U'aatsant gliwo for that

partiealar spacing* It is interesting to note that^ exeept

for the pTropt^llite^ the spaeinga ware all imHpeaa«9i by

the introdaetion of water into tl&a aM^la indiaating that



th« diw^^a wt«r had l»<ire*M« tSim iiit«rpl«i«r dlttsne*

of th« 001 pl«n««*

7abl«8 5, 4, 5, 6 «nd 7 glv«, with c r»w •xe«ptS:on«t

•lu*8 for d gr#«ter th«n tk«t for th» OOt «p«elng«» This

«lu« It oibtaln«<l froi tn Ummr halo (FUt« III) which lie*

vwy «lo8« to «lM pHLiwry t»*«i» ll«««tir«>Mat was «•«• ot

ItB adf-e which was rather pearly daitnad balng. In aooa

caaeSf wery cliffuaa* Oa«ally, the hig^r the vatar content

r tfaa aaiQ>la, tha «ora daflnlta waa Ita adga* Baaaaaa of

the dlffnae nattsre of tiiaaa halaa^ tha interplaaar dlstanaa

given for thaa «•« ba taken aaatloosly. No aatlefeatery

aacplattatlon of tha mmm— af tide apaeln^ 1* offered*

Mam benteaita vaa treated with en exeea* of water and

allowed to aaak toA t^wn x-rayed » the rine eorraa|>aMdtng ta

Vi9 001 epaaiat, •• veil a* the Inaar balo« diaappaarad

into the central apot Indiaatiag e wery large availing ©f

MMae plenes. When potaasiiw bantenlte was traatad in a

aiiiilar faehioa^ tha aaiie reaulte were obtained* Vith the

ealeii» end aHMmiva bantonltes, hcmmwrnr, the raeults are

different* flia 001 apaain^ is inaraaaad aanaiterablyy but

aot to tha extent of diaappaarin.:^ aa it did for the ban«

tonite and potaaeiun bantonite* Aa with the iraier helo,

the inteneity and aharimaaa of tha 001 epaclag vaa enhanced

by inareeaing tha asount of water in ttm viiMNPal*



fb* WMMKircasnts tt» the x^ray dlffrsetloa p«tt«m0

for tb« ftir«di>i«<S «mrt»iorillonit«f s»3fPO|di|llit«» and

liall«7«it« arm glrmn in 7tibl« 0« Attempts to mmnuni orien-

tation patterns froei allopliaB* resulted in vary pMr «Pi«i«

tatlon or none at all* Halloyslte es^lblted aeae orlenta*

tlon thooiBli It was not preiwtm<»«(* The pTrro^^lllt© and

iMntonlte gtcv exeellent orlentaticn patterns eves tc the

extent of eeaq^lete extinction of parts of eertain rln|^ ae4

very intensive Interferenee In other parte of the aastt rin^*

Bven in the heat of the orientation patterns, eertain rlnge

•l^pear without meh slMmge in intensity*

As haa been aentioned previoasly, the orlentetioa

petterns were obtained by x-raying the atrip eith the beMi

peaain^ ttapongh the atrip parallel to the platea. ViMn the

••e atrip waa x-rayed by paasing the bMHi thrcui^ the

strip perpendicular to the platea, a ^ery aaiooth pattern,

aeaieehat similar to a ponier pattern* vas obtained. A

few distinet dlfferenees, however, eek e ebaerved*

fhe povdOT* petteras for eir-dry pyrophyllite and ben*

tonlte shoved the presenee of partielea too large to give

MK>oth diffraction rlnge, fl^a* 9 and 6* In the pattema

taken frosi the etripa, the rinf?a and area were all «Moth

whieh indleated the abeeaee of the limga pertlelea, Fige*

4, 5, 7 and 8«



In th9 avttXiai yro<n»<, the larger partleles vaAtnbt*

•dlj 1m4 settled eot fester then t^m aMeller enee end were

ttatte •llMiii*t«4 trvm the eemple*

fit* • 9h»9» e fiber pattern of pyyephylllte x-rayed

parallel to the rlatea mrnA is tTpleel of aeoe of the better

oriantatieB pattama ebtainad* F&g* 4 wb^m a fiber pattern

•f pfjrepliyllite H'rayad pappaadlaalar to the platee and

«aa eat trtm the ease eaaple as that for Fig* 5« Dlffer-

eneee other tium tfaa area and riaga of tbaaa pattt

It will be notioad in Plirs. 4 and 7 that the rlnge in

tlia paaitioB viMra tbe area foni in i-iga« 6 and 8 are

either abaant er vaak* A eatiefaetory ezplaRatlon of Uiia

aan be aada bf aaaaKtng the partlelea to ba i^ate-like in

Md aa tttay eattlad out tbay boilt up 9m ttaa fli^

ffaaa in layars* Wlhan atripe of tbia dried layer er

fila m a^rayad aith the baas parallel to thaaa plataa*

tha ragalar arrangeaent of parti«lee aitb aartain leyera

parallel to aaeh other act ae a diffraction grating and

give rise to the area aentioned abava* F^arthai«are» if

thaae etripe vara z-ragrad vith the baaa yarpandieular ta

thaee pletea it ehottld give ris« to a pattern aaaaahat

aisilar to a poadar patters baeanaa to tha baaa of wmttrnf



Bi|4in*H«ii of Plftt« X

fig* 8« X»r«7 (SiffraetioB pattern of alr^drlod

Fig* 4* X*rtt7 diffraetlGn pattorn of pTropfaylllto
flljB 3c*>r«70d porpendleulor to plotoo*

Flg» 5« Z*>r«7 diffraction pattarn of pyropbylllta
film »»r«70<l parallol to plataa.
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XxplKkfttiod of flmUt ZZ

tg* 6* XHr«7 aiffraetiea |Mktt«rc of alrWlrivd
b«BtoAlt««

Fig* 7. X«r«y diffnwtiwi pattern of l>eiitenlt« flla
x«r«7«d p«rp«B<letiI«r to pZ«t*s*

Fig* 8* X«r»7 dlffrftotlon pattern of bontonite flla
x«>rc70d psraZloX to platos*
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Al|4«B«tiion of PXftt« IXZ

Fig* f• X^^sy diff^Mtlmi pattern for enleim
iMmtonito «ith •xtmm9 ««tor*

Fig. 10. X->r«7 diffraction pattont for ealelvun
bMBtonlta kapt ovar 10 par east aulforle
•aid*

n«* 11* X*-r«7 dlffr«'^tl(»i pattam for ealelun
b«it«Blta kapt «w«t f6 p«r cent aulfarle
aald«

Wg. !£• X»rmy diffraction pattarn for ealeltw
bantmilta kapt ovar 4B per «ant aulfarle
««ld*

rig* IS* XHPay dlffraetlon pattium for ealeloa
bantoftlta kapt ovar 96 par eant aalfcurla
•eld*

Fig* 14* X«r«T dlffraetloa pattam of IgnltaA
ealexw 1>antonlta.
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Flir« 9 Fl«» 10 11

fig. IS Fig* 18 1 • 14



ftiM fib«r in thit pMitioa prmmnttm It* p9rttelm» only in •

wmOam pasitlen* Xfi this eaec, th* "atffr«etloc gratlnn*

l8 •••B «ii its •6g% by th« XT«7» and %lm» no aret u*«

f«nMe* SliM* «h« pl«l«« mrm lin«« up to glv« diffir«eti0B

viMB SMA en th«lr sid««« thay eoald not giv* diffrfteti«i

«liMi ^MMn* frea abov* and that ••rtsla of tk« litt««

•hottld b» AbMnt or TCpy ««^*

In th« pjrepbylllte fllB* (Pig* 5), wry d«flnlt» ind

tsi«R«« are* «e<sur st 9«06« 4*86» Mid 8*05 !« «xid «»• im*

doabt«dly tho first » ••Mod and third or^nr r«fl«etioMi.

•lag 9 in th« pyrepl^lUte psttara (Fig* 4) —mm to Shov

t»e MpttTftta ring* and in th« flbsr p«tt«« (Pig* 6) tvo

wy ocflait* riagp af^ar*

flM bantenito fils (Fig* 8) ahovs vary daflalta ori*
o e

antatlon at 10«79« 4*S8y and S*06 A* flia area at 4*SS A*

ara fcniad parpaadiaalar to tha ethara* Xt ai

iatie of tha orlantatien patt«raa of brnitoalta to hava tha

ara in ring 4 aat parpaoidieular to tha other area*

Plata ZV offers « Tisual oospariaon of tha x<»ray dlf*

fraatloB pattams of tha air«drlad aaiq>laa of baBteKite«

aantaarillonite^ pyrophyllite, halloyalta, and allophane*

Thate patterns wmp9 taken in the rotmd asatsra vhiah glvaa

gr

a

aiar •pf%(& to Vtf broad linaa lAkoviag^ in aoaa aaaaa«



that tfae7 «r« aetually ittde up of rnoar* ttott (MM Iin«« Zlds

feet ««t lBdleat«d hf ttk9 dlffr«etimsL patterns obtaliMid hj

x-rayiBf tha pyroplqrlllte flln (fler* 4) p«rp«itftcalar t»

the plataa in vhi^ tlia h«iV7 rlai; 9 vu split into t«o

riiifrs* In tha eaaa of tha sir*drisd sm^Xs (Fig* 8)« ring

8 v«s broad and intans* bot did not show its Maqpositisa

•• bsiBg diffar«Qt than a singls ring*
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smnuRT

1* Th« x«>rtLy dlffrsetimei p«tt«m8 of Vb» Mtleiwi

L«M b«ntonlt«» ««p« ••••ntislly th« MM* •• that of

tho orl^lnsl bmitottito. Tho b«Bt«Mlt« tiid tho e«lei«i

and MHsoBlttii b«sitOAlt«« w&oorboa noarly •qtial MMnntu ef

v«ter ovor 10 per eont «iilf«tric ••id« fh« aMtteoriXlonit*

lulaorbo^ noarly four tlmoc «• mi^ ««t«r ov«r 10 pMP •«>%

•ulfurle aeld •• did tho pyroyliylltto*

•• flM Atoaio ttzveturo of pjrophgrllite roaMtflttA

pTttetleally voMhiagtA r«0irdl««« of tho treatetnt «hll«

tho loagmr iHPMii)*<* *^f WMBtaNrillonitOy b€»t«i[iito« sad tbm

Mdolwi «ia^ MHMMiiiia bontonltee «oro iner««ftOd by tta*

•dsodPptiOB of mitor* The iatcitslty sad iAtfap|«MB« of th*

l«ac«r •p««i»f«» limor ring*^ ««ro inero«s«d by Ineroating

tlHi oMWBt of wator, oxeept i^oro on oxeooe was usod, in

«lm BStoriol*

3* Pyrophyllito and bantmita gava vary i^od arian*

tatiae pattama tor partielaa aattliaig aat fraa a aua<^

pMiaion in «atar« vhlla for allophana and halloyalta^ tha

erlantation vaa f««r* Mawtaarillooita did not idaaw vwry

good cn>iantatic«i itiid«p tiiasa oaBditione bat vaa l^ttar



than •lln^plHNM «Bd balloyslt**

4* nm ttar«« »»«t ii^ortaat faetora eontributiag

to • cood orientation pattom arai (X) the kind of Kin<

oral «ad Ita M^atalllaa fora, (t) tha aim of partl-

elae, and (S) tha langth of tIjMi tlw anapanaltt» la

allowad to aattla \mterm Inaartloa of tlia flat plata*
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Vb» «atli«r «l»h«« to •xpr«»0 hit 8ine«r« thaidct t«

him mm} or Instmsetor^ Dr» Jolm R* Wtimik^ for hie Yftluftblo
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font of tho hontoaito*
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