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tip 

v;acS li;:_u.i t ed. 

,of' the piptfl,t t,o tre iiisce:e.::1ihle .. 

the 

o.f' 

ature. 

prep::xred by rolli.i:1g tr11Scu betvveet1, tti:o fiug01: t;, 1 but <1; ar0.ch bette,1• p:ro

ced'lJ:i:•e ii::;, t.o melt thlll wa:: o::!, a .lGrg0 :1tirri:n.g rod. an.d e:.:llmv it to ::t'<.ul 



a:;9ply it c.rve1: ao 

;1011100 t :,ctioJJ 

liqu,id .• 

siolid or in 
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.An. ppar tus of great interest bas · upon thi rune princ ple 

1 tha Y ung- Eimer an end gravi om.et r illu .. tr ted in th :F'i her 

apparatus catl-tlo~e.. It employs a co:mpou-d pendulum with a'l a and 

needle for holding the · ample an"' unother m which moves over a cul. .. 

The object is fee ened on the needle ~d eight acti-0 a cou:1.ter• 

bal· ce is adjusted to bring th indicator to a definite poirt on th 

scale • .An el ctriaal vibr t.or acts o elimin&t a Etic ing of the be 

ings. 1 beaker of water 1 t h n b ueht up fro. · elow a'l · cupported ~o 

that the object 1, 1. orsed. The density of th body is then read 

direct ly.. The limts of npec1fic c;.tVity whic:i may be dete1.•mined era 

given a 0 . 90 to 10. 00 grams ~er millilit r, but it, uld prob ly b 

:po•~ ible to e tend ·this range .. 

P.. method for · eta_ ·ning the d nsitie.s of animal t ts over a ge 

of tar..'lp 1·atures ha .. bee de cribed by illieme ( 26 ). It gives a very 

clean .... cut donsity urve wit.a lard. and other eu.ch fat , t br ru • t 

both the u_oper and the lo ·e1• 11.mit of usion. It woulo. presun bly 

serv© equally roll for . x s in the molten or the olid ~tate. Poten-

ti .. l l y it seems the most prom.iai.ng of the d 1a1t 

It employs gl " bell of the form 

shown at the right . Th constric-

ted uth permito thi ell to be 

tron ferred from v ssel to vessel 

·ihen filled wi'lih .ter i thout a..d-

tting ub les of air. It is first 

weighed , :filled ith. ater ' then 

;l..!rlmer d iu ter in suitable 

vessel.. The \ ax to e "tudied is 

ethods for our ~urpose. 



14 

melte a.o.o fre of i sf:;olved il·. T e ater with its 1mmex·6ed bell 

i he t ed above th mel ting- point oi' th wax. Th i th ea. sucked 

up i n a heated pipett With recu~ ~d tip ~d elivered u . rd i to t he 

bell. I f w · s the •:ei ght of the fat , ', the . eig t of t he b 11. nnd 

f'at i n -wnter, rr d . the de idty ot wate- • all "'4t to 

d ~nsi ty of tile f t i gi van b ~ the ex:pres~ ion Dw = 

with thi cc device hnve ee tri ea · th mi croerrtall1ne 

ax s . It i very d:tffi eu).t to eli;m.n te ai r "ro thos 1; xe;:; to sucn 

en erteat g to excl ud bu ibles. Even 1tl y bean 

~limint t ed o.t the te!:lparature of filling they will ofte a.p ·ar o 

heating ox on s andin~ for ~ome time. illien all o ed t he f illed ells 

to stand a room temperature f or t ·e-.1ty- four hours or longer before 

begi nni ng tha experi :me t2. The problem of ma.int =tining the ~t r abov 

60° end u,p to 100°0. ihile t h mes. .... ,ur ·' nt or bei1 i.a e L . e. con-

sider ble one. The tem~erature cov-red by lli~ .sin his 'WOrk r ngod 

from 10° to 50° • It i po ... i blcl tb.Bt ethylene e: ycol or .. , -r: ·inlilar 

liqui · g. t be used but th hydro.~copieity of thi solvent ul be 

di fficulty. ~o a r as our experi €h1t-- h.nve •o e , no ay out of the 

difficultie:. ihich tli.L, method pre£ents hav boon found .. 

VolU!llO!ll.eterMethod 

everal iodifieation · ot the volumom e~ir _1 v ~ e u ed 1n density 

otemin tions. The only one which seems applicabl(;. t <:l thi.... erial 

w-es designed anu u ed °b"'/ R gnault . ~ rcur i co y employed <'! 

~ e or~in~ liquid. The pparntu is shown in Figure l. It nay be 

employed. i n two e::y . 



.M 

p 

VOLUMOMETER 

Fig. l. 
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1.. .. et th leveling bulb so t ·t mercu in the ide tub and the 

vol ometer tube tand at the height p ·1th etopcoc S opon to the 

vessel s d the a i r . Then clo.i:e it so ao to oo 1eot the t ·o side of 

the appara:tu , but cut it off from the eir. 1 w raise t e l eveling 

bulb so that th mercury le el int· e vol umometer tube i& brought to M 

an easure the diffe enc in height , h . Let the prev lin6 barom tric 

pre~ re be P , t he volume bet •een p and be v, and t he vol e of the 

pace above Mend including the bulb ba V. ah v: P(V - v) = (P - h}v, 

w ence V ~ Pv/h. Now intr oduce the u known i.)olid aud re:pe · t . A ue 

volume v• will be found . V' = V - v' v,ilere v" is the volum. of tue ~ol id 

Which has been ntroduced. v', then , = - V'·. 

A di fficulty w1liah tn 7 well be fou:nd 1,, the moth.od of t is form i 

the possibilit y or leakage of the ound- gla~s f top ock. 

2. Alterne.ti vely 1 one m.a.y set the leveling bul ao that the level 

of the mercury 1n both tube is ~ with the .... topaock open. Then , closin 

it s before, the leveling bulb i dropped to bring the mercury level to 

p , and the height h ' is found :fm ':/; have PV = (P - hi ) ( V - v) ood 

V = v(P - h ') / h '. The solid is introduced and the xp :ri nt i re

peated to f ind the ne volume. V'' = V - v' t whence v• i s found O..:, be

fore by subtraction. The densit y c n tht:,U be 06lcul tecl. 

The volumor.ieter method ha. three tm.portant limi ta.ti on a: 

1 . The te ;pe •tu.re throughout 

th.e me · surero.ants. 

2.. The apparJ:ltu d the ple 

o:r 0th.er volatil.., su .stance. 

st be contitan.t during 

···t e free from water 

3. The solid rout not b capa le of aosorbing g ,ee. 
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Wb.tn one i mm.erses t he oul b , · t ?- i te. \'f8X i n c. ath .t o · awhat 

el ev ted temperature, e.s -will be dou i n m ing the 

ttre desir d, certa.i e.n.d di fficultl y r ... produci ble 

~asurement s ~h-ch 

ondition re 

i troducod. lnlrther, it i · di ffi cult to .'.l.l<ke Lur e thct all \mter and 

other vol atile .,ub~ t · ee h s been remov Ai f r om the o.ppur tus. 1 icro-

crystulline 1 axes , which t d t o ':>e porous, adsorb gases. 1 ,,axes 

yield son mel ting. Sollie oft oe difficultie e,u1 b ide by 

employ-in oth f the procedure 1mic' have been · escri bed end t ing 

t he r ver e of value•· i f they .,.re ot t oo diver nt . I n gen er , how

ever, thi s met hod does not ,,eem pro i s i g fo1• o r purpose. 

I t i clai med t hat ceu:racy of the e·hod y e e greet as 

0 .1 par eel t under t a est oonditions. The best t het .e h · ve been 

ble to get at r oom t e,oper .... t ure if= an ccuracy of 1.0 per cent . " o 

erperi!nc1 t at el evet e tem :rat res have been tri ed. 

Pycn m ter Method 

?y nomet er"' ere vaila,>le in m:eny di ff'ere.'1t fo . s . In principle 

the ycnom.etor mu.et hold ·· efL ito end accurc..tely :reproducible volume 

of liqui d s t any dosirea. ts:npeI·at ure. Three type., of pycnomet ..,rs • a 

u..,ei'ul i n ork t :i waxes. Th bottle type wit h s 1 1 ground- in, 

capillary :rt.opp ,r is sa.ti factory , except that it is difficult to clean, 

f ill , or e~pty. Th type empl oyed for den itie~ 01 pitch h&s Fs stop

Pr nca~ly s l &r e in ~1ameter as t he oso~l it lf · t~ e capillary 

hol · through it . Tl1ia pycno eter is .much .more co eni nt, but l es 

ccure..te than. the fomer o~ A . The conical type ha.a a le._ge u.outh . th 

a ground p,lane top so th.at e. de:t'L i ·t e volu ,Je o 1.:lq,uid ca,,. be , closed 

by sliding _pl ut-e over the ,...,_outh after the ve .eel hBs b en fille .. T111 
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type io co v i mt and ca_pable of :n-e t, ccur ey. 

The volume of the pycn.om.eter is :round by d te ning the wei"'ht of 

ter, or oth r .,t do.rd liquid which it hol d , ,md di vi i ug by t h e 

densit y o the liquid . Tb.c r;y, tom muct be held at o ctefinite te .. er-

t ure. The density of c solid , ::uoh c Et pi co of' rex., i s d te ned 

by introducing a .s . le {les .. thun :f'1ve "'ram"'} i nto e :pycno~eter of 

approximately t wenty- .i'ive milliliter c pacity.. Befor tho liCJ.Uid is 

introduc a. , the pycno:meter 1 h·ste in an oven e.bovc the melti 'g- poi t 

of the wo.x. '11hen the pycnometer ith it s , olt ea lfU: i s r ot s.tad sl ov1ly 

SO th t the W X ere as it cools long t.he ai ea an.a botto.a:. of the 

ve sel. This hel s to elimini: t e bt.tbble< of air v io.h ould otnerwiso 

e en.closod i the A soo ae t he .ax appe·rs solid, na di -

tilled ta ch cont ins a anall 6!!.lount ( O. Ol~o) oi' saponin " has 

been boiled to remove air is i n troduced i nto the pycn.omete.r. The sy ten 

1s br ought t o constant t perat lre, and the pycnometer L., closed and 

1eighed.. Corrections are made o.r the density o! t.-at~r -t t hat tontpe:r-

u. 
ture. The clime of the pycnomoter { revi ausly calcul~ted), the eig t 

of t e w , and he volume of v-a.x ( from diffe:renee) are kno The 

ensity ot the WGX is found at a articul r temperature by dividing the 

eight of the . by the volume it occupies. 

The method i s not o asy a i t ~ii.ght see::u; oreover, t ere ure 

evere.l source of error. 'ven w1 th ·h fi l" cautions take, s 0 i ven 

a ove. the fa t t at t e wex pull ~ a ay t'roi:r the :::; des of' tile a s 

giving sp o a which ofte cannot be filled wit liqui preEent~ dirfi-

culties . It i e al.so po sib.le to do y ·t the t aency o r to 

dissolve i n the ax (1). The nature of the x itsel f H : importa11t ill 

conDidering the accur cy 0£ this method . Certllin e •· are rele.ti ely 

h i ghl;l orou.a and tend to i nolurle more ir than do o+her axe~ .. They 
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~o tend to :pu.11 ray fr . th llti of the ve•• el to g.re t r -Xte:a.t . 

'ihen rkin vlitJl molt ,,. xe , one usnall..t f inds d .Dity v ue 

of the order of 0 .,75 er lliliter. Ther i~ no suit4ble liquid 

h~vinf.' den .. ity l ess t hen the: t o be exp eted for t.lie olten wax the 

ter:1peratures which mu.st be reached.. . he liquid to e used i n the exp 

i meut mu.at ot float the iax out of the pycnom ter. Ex:per1m !lt.s, th re

:for,e, can.not be c rri d t~rougb. fro"'-l t r e solid to tho li quid state with

out c!1&21 e or s eoimen . The pycno..meter m y, of cour e,. be filled 

completely with 11olte,.'1. rax . Thi. ill "' e t he etre!.1!1i neti o1 of clensitie 

ov r t e eoj,nplr:t e t er·•ture r i.ng yet s low r; they ar very tim 

consurli g toe t . By uoi g the p1cnomet er methodt e fouud density 

value at lo e:r 'te ... pcr t uros l\uic oh ck d · th v ue s cure by ot er 

method&. The method i i ncreasingly i naccQrate _t elevated tamper~tur~ . 

The I n·t i t ute of P troloo.m (2 ) gives t ' e pycnometer etb.od as on of t he 

standard .:netJio .., for de si t y dst er n tion. •. 

Di l tometer !.1atuod 

Th e d1l atamete:r is t ined by Wood a d Brusie ( 28) us a ves•·el nth 

unturned capill ary en t for m.ea ru.rio..g vol u::n.es of' liquid by t e • ount 

of e.reury exp l led et v ous ternpe:rat re. The f om u ed i n t is wo1"..'t 

is shown i n · i gur 2.. I t his dilatO?lleter th. ax L co. fL eu above 

column or mercury. The mercury ,xt en s ov r to the sc 

volume 

In 

cha ... · ct eri::,tie of the con. itio s e eo.d. 

rep ati on fo:r an e ~per ent s. t· red l.ult of tbe 

; upon whioh 

orm sho -

th f igu:o t , s :prep ,.,..e ru:id a .!58mple of 1;;as i ntroduced, lt d , 

.tn 

d to cool , end w i ghed .. T e remaining portion. of t e di to t e 

w t hen r;e.:i.led on . irercury ··.as put i nto a shortnecke di tilling l sk 



To pump 

DILATOM.ETER Ai.'W METHOD Ol!' FILLING 

Fig. 2. 
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a:id the ct m o t'i.e inv rtod diloto.:..eter . s i troduc d th u__;b. a 

r-v.bber stoppe :~s shm The tla k ra rocked ac· t-0 x_pos e t a open 

end of tho dilo.tometer and t he v· ole .,e tt.rn;ped out to r ove air, u ing 

a C co egavne oil pump . ilt "g it gain B!l relea.si n the va uum 

"' o l~ ~crrn.i:t t ed ,.orcun o ent -:)r :::i. f" 11 th il . o ... eter. Further 

ping rosulted i n the :rt.lea • .:e of · o e t. , the evol' tion ol .• ich 

could e detected by it ... bubblin t.hl"'OUS! tn l!lercury.. ·.~en no re 

6nn coul be extra"te t. e dilato.:nete .. i.i rig-.htacl end .t 1.0. boili g 

no alr -a y r ~o ~ s e.t on PP re..:it 

ne u les :l.n the sx. Pu::.pir1 • ;gs::; repe tcd it' n ccs.:or-J lliltil o G· 

ubble were present in th ntelted wax. Th l evel o:t ercury in. t e 

oulb w s edjuated noar tue nighest n l l'"k • the t t h 

bi. est temper ture to e UDed int, e f llowing ox9 ri.men or ne r the 

zero mark &t lo ( room} temper tur s . or t me s.ur- ants the di la.-

tome er was ~ersed to tho zero .r:.ark in · con.~ruit - tan·pere.ture th 

using g s oil or -· ter as liquid d volume ere r doff at observe 

te.'llper5tures. rom t h irty · nutas to sov ra hour f r 

equili brtur to be reached i the oyst mi. , th final test for t..1i · oon-

di tion bein. th con£1ta.uc0 o the reruii:::.1.g ov.ar a period of fifte . to 

ere complete the ·L,.ol~ ass -bl,V 

¥.eighe . This guve th~ eigh of dlla.o st r plu~ .. plus . rcury. 

T mercury ·e....: n xt r ·oved .. 
)t, 

T - wa as d1 ~olv .d d re:::iov .d c 

p etel 'by .shing out it benzene "· th th ·a of a suction rl k. 

Th~ cl .,4n.ed and dried dil tom.et er ~·;as then ei · mpty. Fi a..i..ly t, e 

dil tometer 1-re.o tilled ~1 boiled distilled w- ti::r o ,;,oi t oo. the 

lower per of the ~c e . I ·a<- bro' ght to o '!ll te.np Jrcture iu a 

bath tor exact d terrnin.at·cn of the 1-vel r ached 
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and then weighed with. the v-ater. The volune of thu dih :.t ·11cter to the 

S( ,ro m ... rk ,,as foun • The total vol\l...1110 o ccupied at aach o the ex_ erl

£uentnl + empsr..:1tur'aa 1 the volu.,ne occupied by the .. ercury, aud t he volume 

o.f the ax ,a:re c culated. This volurn"' divided by the wei ght of t;le 

wax g.1v~ the speci f ic volum at cc.ch t '"':per:::.ture, wc1 the recipr c 1 

of ea.ch of the e st;,eci fic volumes f$[ ve th.':l req,ee:tive donoit .. 

ff. is procedure ic very time- consuming. .n obviou iraprove-:1ent 

would e brought about if a f;rOU:::J.d-glaas coru~ection coul~ be i ntr oduced 

at , an kep+ ti t by pulling he tv.-o lilerilber" of t· · :pp r.:.tus toget, c 

by ;::ieans of springs. Sever al mod1iic tio::i of this arrc..ngem.e'1 have 

beeu tried ith mercury, ethylene glycol and water 0$ dil tometrie 

liquids , but wit out success. These joint1: 61. .. y l eak d t levated 

te.i perettn•es. 

Den..,i ties have !:>een deter.nined for avmiteen , axes 8· "' blerdic- o 

:;axes usi n t he tech iq_ue outlined shove. 

It was found mor e auitabie t o use the dilatometri readings fou..id 

on slo coaling rather th t hose fou-:- on slow heating •. ho e· rlier 

runs employed t1~e heati ng ethod, bu.t si ce it is -..or$ ·ti 

t e l at er deter11ir-ations i 1-0 me.de by the cooline procedure. 

It is necessar y to all w suff'i cient time, com tu es "'evere.l hour"" , 

for t he systc.l to com13 t equili riiu.1. r.ven then it is somet i ae ... h rd 

t o duplic te re,.;ults. For e,n:J;rpl "' , 1•/ht=..:!l -t-h yst ert: hes been all owed t o 

at~ d at room ._,_per,.ture ov rnight , the folloWin-;) day O readin •s n...1.l.~'t 

be broug t to the final r~- ding of the pr vious a.y, in or ' r t o chec 

previous re dings. The fact tha.t this r1ay yiel d differon.t ro.s--ults 

in 1e~ t s th the density of mi•'.!rDCl" s Lllinr• ax i,:· dotor.ai!l.ed by it 

therm l history. To liminate thi s ,. on ·ibility, it is necc.%ary to 

• ap the process in continuou, opc1•, ion ntil ell deten.:i natio.u" 



tb.rougbx:iut th#J' complete 

r10:re tii.fticult to duplicate 
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~f:f'eet,s or.1 tl':.1,e £1J.CC<i;;i£:din.1ci: ealottlat.lons ~1re :relnti:vely un:L:clportJ11.t1t" 

Tho eolor characte:risti c oi' t.lle \Vl;lX iii bulk v,;e1.s touud only a:f't:e:r-



Cooling Curve 

Cooling cur es aro found by plot.,ing the eonsecuti r, t.er.a.perstur 

of a cooling ss :r ad at short intervals of ti.me. \dth pure substance ,. 

starting With the m.oltan met rie.l, the <..-urv 

ature again t time falls pidly at first . 

r,ecur d b• plotting tem.per-

Wh. rystal .. egi to 

separate., the curve sho s a plateau, the temper tu.re remaining constant 

until all oft e semple ha~ fro ~. The horizontal portio oft e 

curve serves to define th f reezing- point of the sub ance. The froezin..,

~ oint is that t . perature at 'Jhich soli and liquid are in equilioriu.'11; 

the initial freezl g- point in th t t e:ratur when melting 1..., co.'!lpl t • 

The <mrve · ·11 be of the fo ,ii.own. in 1 r !3 • 

.,nen the melt is i:1pure or i n case t.he solid i i're-·zing forms 

x cryctelc or a colid olution, the cu.rv takG8 t forx shown i n 

Figure 4 .. T t'irst h l i n t e cool1 ic mrve i · tt.e i :ltiial f reezinr,_ 

point . Beyond t h i s poi nt th · Jure f. 11 o 1' -ore · d · ore 

r··:p oly .:. ti· o poke3 until the nol~ r;uae 1e.s olidified. hen it 

cools i the E does y f.oli . The ronn of th cooling 

curve n ich a found aerv s to d ff renti it b ,tween pux·e substanee;:., 

xtur " end . r_.y giv som. i.:1.dic tion of the otur of the solid 

which i " i1ep&rat in.g. 

Tb . ~. T.ll. (3) met od io one t:n,e O- m ltin - poi t date dnation 

t t can be employed . I it the a sample i._ pl&cad in , test tu.be 

ful eated in , ter bat to a t ,, not l i g 1er t an 15 )0. 

ebove t e melting point. A the ' et ,r and 

tube trough a ti 

irre fit · to thi 

fitted into al& e 

tube hie , in turn, i s pla.c d within a coii.stant-t ·· ner-tur 1 ~th. 



Typical Cooling Curve fora Pure Com.pound 

Fig. 3. 

Typical Cooling Curve for an, Impure,Compound 

Fig. 4. 



At th beginning of the expert nt,. the te peratw-e ot the 'Wllter bath 

ahould be approx! tely 10 c. below the elting- point r the nx. 

'fhe test tube containing "RX ii placed in the air bath. Th• WU'. 1a 

stirred oontinuoualy during the reet of the experi ent while the 

temperature 1e ra.<l enry fifteen seconds . The melting- peint ia 

taken a• the average "f&lue et the tiret five readings that lie within 

a range t 0.1°c. 

The I . P .• 1'. lll9thod for melting- point determination 1a eaaentially 

the 1am.e a.a the A •• r •• method with the exception that the wax ia 

not stirred. 
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P I SEN'l'AL RK 

In the following experi ents eleven waxes were uaed singly and 

in blenda in the determinations. x C ia •o- called aly or•-

orya lline wax. It; is hard and brittle. The term ""mealy" r•f•r• 

t the fact that it can be readily broken up into a powder, like 1, 

owing to the natur. or ita fracture. ~ x Bl, a-x BS, u B2, and 

x Qare microcryatalline waxes referred to ae "plastic" 61'ing te-

the fa.ct that they break down to threads or filament• nther than t.e 

powder under abrasion. (The numbers give, r ughly, the respective 

lting- pointe of the xes in degreee Fahrenheit. ) X :8n and 

Wax CR are residue• t the reapective waxes , WI x B3 and wax C, fro 

whioh moat or all ot the oily terial haa been remo·ved by recryct&l-

11,a ti n. Three wax traotions, 3-150°, 7• 110°, and 11-10•, nre pre-

pared by careful reoryatallizat.ion of ax 133. Th• sample •ere pre-

pared speaitieally r r x-ray examnation by the pJ" jct sp nsor. The 

first n ber is the number ot the fraction, the second, the t peratur 

or sep r tion in degrees Fahrenheit. Th para£fin x, household 

produC't nu.f' ctured by one ot the major oil companies, has &n initial 

fr e~1ng-p int of 54.e•c. 

a.x Q 
Wax C 
ax Bl 
ax B2 

X BS 
Sonneborn Petrolat 
P&raf'fin x 
3- 150 
7- ll:0 
11-70 

Approx. elt. pt. 
(AST D- 127) 

1500, 
190/l95 
170/175 
170/J.76 
190/195 
120 F 
128 
197 
163 
171 

Cler 

Yell.-. 
Yell.., 
Yellow 
White 
Yellow 

it• 
1te 
1te 
it• 
ite 



Den~ities of ,axe 

D "i ie of waxes w r d termine by thr:. dilato"'etric metuod from 

a.bout :roo;n. tem:pern ure to well p Bt th ael ting- point of en.oh su stfl! ce. 

The met' od an ber:m de c:ri b e.bov • The method of' c cul .tio::i 1 ~ 

illustrat.ed in d tail by the f l o ,i.ng calc 1lation r r Paraffin · .'ax: 

J... eight of bulb 
B. Ieig,.~t or lb + ,'UC 

c. wight ot dile.t ter + wercury + wax 
D. eight of dile.t-0rao or 
.w • ,eight of dilato eter + wat er, ro c. ' 

• 1eigb.t of ax (A - B) 
b. 'eight of ~ercury (C - {D + a)) 
e. ei ght of t er ( - D) 
d ,. Vol ume o:t ater, 200c., read. .118 .:nl .. 
e. Volume of water , 20°c. , read •• ooo 1 .. 
r . Total volume {Volum re d + e) 
g . Volume of mercury ( b r d. of .ne1·cury, 
h . Vol uoe of w: x ( f - "') 
i . wpeoif1 c vol um ( h / a ) 
j . Density (1 Ii) 

Temper ture olu.rne Total Volume of 
oc. Read Volum.o ,.lercury 

b . 182 7. 92~4 4. 0600 
5 . 19£ ? .... 94 4 . 0689 

10 . 210 7. 95'14 4 . 0725 
15 .. 22$ 7. 9?54 4: . 0763 
£0 . 242 '7 . )894 4 .. 0800 
25 . 262 8.0094 4 . 0$37 
30 .zoo 8 . 0474 4 . 08'7£1 
35 3~ . .., 8 . 09 74 4 .. 0911 
40 ,. 400 8. 1474 . OS48 
45 . 4.5b 8 . 2024 4 .. 0.,85 
50 • !580 8 .. 527 .1022 
55 . 50 _ • 5974 1-. •• 1009 
GO . '.)09 8 . 554 4 .. 1097 
65 . 930 8 . 67'74 4. ll!::>4 
70 . 950 B. 6974 4 . 11 '71 

r~a· . .11 2 .ml . 

( C X 1 . 00 B) 
( d - . lld) 

8. 4459 
11. 9906 • 
90 . 2995 
31. 48 5 fP• 
~9 . 331 5 g:u • 

3.5509 ~lo, 

"'5. 2681 • 
7. 8510' • 
'7 . &3;j} u. 
7. 7474 • • 

{see ch t belo) 
re.s: ·ect ve t ap .. } 

VolUCt of &peoifi e Denoity 
,ex Volu.m 

3 . 8644 1 . 0882 . n19 
3 . 8 705 1 . 0900 ~91 
3. 8848 . 0940 . 914 
5 .. 8991 1 . u 81 . "11 
3 . 9094 1.1010 . 90b 
~, . 9~o? . 1056 . 904 
3 .. 9600 1 . 115-2 .. SS7 
4 . 0065 1 . 1 ... 82 Br ... -" • c,O 

4 . 0525 l . l 13 . 8'16 
4 . 10:59 1 . 1557 • 9-55 
4 .. 22~\2 l .1699 . $4<) 
4 . 4915 1 . 2649 . ?Jl 
4 .. 545'7 1.2 04 . 781 
4 . 5640 l. 2853 . '778 
4 . 5803 1 . 22 9 . 175 
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The data tor all t the xea and blends t lftl.x•s ar e represented 

graphically in Figures 51 6, an 7, Th results found on pl tting these 

denaity-te pe.rature curves are t interest. 

The curves of single xes which we have r\Ul gave ene sharp brealc 

at the freezing- point of the x~ en the fonna or the di£fereDt curvea 

are c pared, they are found to be very s1 11ar, particularly when 

oomparin x B3 with ax c. 

These free1ing- p ints we have found are actually initial trees• 

ing- pointa . 'l'he waxes with which we work c ntain an unknown number t 

components , s e f higher, other• of lower true melting- point. On 

co ling olten •x we have observed that an opaleeeenoe fir st appear• 

and peraieta at at mperature which corresponds , within the limits•~ 

experim ntal rror , with the initial freezing- point .found in theae 

ezper1menta, Thia ust be a precipitate of the highest elting com.-

ponent present in the -.x, On coeling f'urther the precipitate increase• 

in quantity. Perhapa other co ponents eparate with the original ones .. 

Thia continues until the 'Whole f the as is solid. In tact. ee posit•· 

waxes auoh a.a these haven true freezing- point but rather a freezing 

range of unknown xtent. Init1 1 freedng•points (final elting- points) 

are the only halt~points that re found in the ClU"V&B r preaent1ng 

thermal properties or these w xes a.a functions ot temper at).lre. 

Two breaks are found in the curves for all of the blends ot 

Paraffin and ax C except in Curve 2 (Figure 5). and it would un• 

doubtedly have sholllll a second break, except that th exper1 ent 

with tbia apeoimen was perl'ormed betore the occurrence £ a aec.ond 

break we.a a118pect ct , and it •a not carried t a sufficiently high 

t mper ture to reveal it. In the bl nda t Paraffin u: with Wax BS, 
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Curve 4 (Fi ure 6) is the only one which does not show a definite 

second break, H W9'Y8l" , there is th sugges-ti n t such a break. 

Similarly, aa aeen in Curve 5 t the ax Q- x C Seriea (Figure 7) , 

the high-percentage ixture of x C with the other wax did not 

effect a second 'break, th•ugh the lower percentages do . The corre• 

lation •f these data -.rith th ae of cooling curves nd of enthalpies 

will be given later. 

Crystallinity Indio a 

Thee ntr ction or petroleum xes on co ling from th lten 

state is a familiar pheno non. In fact, this o ntraction oo monly 

giTes rise to voids in the .m.xes and ?mlkes th . d termination r their 

densities dif.ficult or 1mpouible. It is readily seen, oo, that th• 

degree of contraction on cooling is different tor different xes .. 

Kinsel and Phillip (14) have me.de this contraction th basis for A 

sthod tor classifying petroleum waxes. 

Kinsel an~ Phillips believe th t th whole or the to rature 

range covering the change in volume due to crystalli~ation and that 

due to crysta1- $truoture change lies between a temper ture tend gre .. 

Fahrenheit above the A. S. T.M. eltine- point and another fifty de reet 

bel ow that point. Taking the percentage change in volume between 

these tetnperatur s for any .ax. they use it to define a property 

which they call the "Cryatallinity !ndex8 • This is defined by the 

equati ns c.r. • 10(10 - 2. 4) llhere K 1 the percentage eontr ction. 
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F 11 wing is the eth d used in finding the percentage contraction. 

"Pour exactly 100 ml. of the wax (w ae elting point h&e b en 
determin~ aocordi to A.S.! •• designation D127) heated te 10°F. 
aboTe its melting point into a 100 l . mixing cylinder 'Which has 
been heated to the same temperat.ure. Allow it to cool for two hour• 
protected fr dratts and then tr two hours in a water bath kept at 
500 • below the melting point of the n.x. As the wax cools it will 
tor a cavity running down the center ot the oyl1n4 .... rten covered 
by a thin layer er wax. Pierce the 1ftlJt layer at the center with a 
sharp 1:n.str\ll'!lent.. such ae a pointed glue r d. ao tbat a hole about 
2 to 3 • in diamete-r is formo . Add (from a burette) a. 50',C aqueous 
solution of glycerol to the 100 ml. . rk. Apply a slight vacuum to 
liberate any tra.ppftd air and refill to the 100 ml. rk. The amount 
or liquid added ie the total percent contraction. 

Usillg the cryate.llinity indice which they found. the author• 

classified petroleum waxes in thr e categories. True microcrystal line 

Yee were t und to have crystallinity indices ot 65 to 86; semi• 

crystalline :xe fell in the range S5 t 106,; •orncrystalline waxe-a 

£ell in .the range 106 to 117 or (presumably) higher. 

have f'ound that ctu 1 density curves could be utilhe in 

determining cryetallinity indices just a.a well s the ft.luee found 

by th method described. S e such curves re availabl fro the 

literature. and we have been able t ad others fro our own work~ 

lir our density ourTes . we found as C to have a orystallin1ty 

index ef 9i. In using the Kinsel- Phillips method. a value of 97 

•• obtained. x B3 gave cry•tallinity indices ot 89. x B2 gave 

a orya llinity index f 76. Q gave a n.l ue t n . Thia puta 

two of these waxes. ax C and · ax B3 definitely in the eemicrystalline 

cl sa 11 but fro 11 other properties we have recognized that allot 

these waxes should be microcryst.alline . Our Para:f'£1n Wax gave a 

cryatallinity index r 10s. which plaeea it in the expected oro-

cryata.lline category. 
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H. Bennett (1) gives density curTee tr three micr crystalline 

waxea . For these w tind 94 for C rese A.A. whoae lting• p int 1s 

170~ •• 1, for Petroseue B, whose melting-point 1a l66•F. and 55 ter 

Product 2306, whose melting- point la 165 • (In calculating theae 

crystallinity indices the lting- pointa of thee waxes aa giT< n by 

Bennett were used. He doea n t gin the ethod by which they were 

determined. ) or course, melting-point cannot be taken as indioatiTe 

r degr.e ot pa.raf'f'in1o1 ty er the revere , but the orys tall1n1 ty 

index does not have the relat1 n te melting- point whieh one woul4 

expect. The last two waxes are definitely mierooryatalline acoord• 

ing t th cri"teria or Kinsel and Fhillips, lfhile the fira-t ia 

semiery talline. 

Of the waxes whose densities are given in Sci nc ot P tr le 

(25) , only one. refined field x with a lting- po1nt t 194 . , ia 

to be cl ased as aemicrystalline with a oryatallinity index of 94 .. 

All of the other waxes who e densities are given there •h cryataltot 

lin1ty indices that tall in the er crystalline category. This 1• 

as would be expected tr their lting-po1nta and the tact that 

they are certainly par :ffin waxea . The same 1e true t other wax.ea 

for which values are given by C&~enter (4) . 

E't'ell with the results presented here , ore work should b4t 

done w1 th cryztallin1 ty indices before they can be t ken as a BW"e 

baaia for elaeaitying waxes . 
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Cooling Curves 

Fro hie rk in determining enthalpies or a me waxes nd blends 

r waxes, Dr . Trimble CA to these conclusions: The addition of an 

purity, the 1 purity in this caee being a second wax, lewe-r• the 

tree&illg•point t the initial wax. The blends of certain W1Ues showed 

two breaks in their entbalpy• temper ture curvos . In ratfin- x C 

Jaizturea, the Paraffin lowers the initial treedng• p int t x Ca.n4 

ax Cl wera the initial treedng- point of a.r ffin . f• explain the 

phen en n of breaks it must be assumed that the break• .represent, 

respeotinly the t peraturee at which th high lting co ponenta 

ot ne x ond the high- lting oo pon nts t the ther •x begin to 

separate from the molten ma.as . this y poaaibly ean that the 

i:noleoulea ot one wax d n t build into the unit cells which are formed 

by the ther x., but r ther remain separate and form unit cells ot 

their wn. On the other hand, it y be that, n cooling. the wh le 

of ax C 1• aolidifi d betore the rreezing-point of the highest melt

ing oo p nenet t Paraffin 1a reached. that a aQcond break 1a 

t und when it begins to separat . If such bl•nds of waxee as this 

do n t t rm aolid s lut1on• they are n t ho ogeneoua . Thia might 

have important implicatioua for the users of blended. wa:tes. Th re 

ie, howeYer. no evidence ot auch a state when the wax is examined 

euperficially. The blends do not ah• any tendency to separate into 

two layera whether they are oooled rapidly r al ewly. Dr . ickoll• 

believes th the haa fowid s vidence or auoh heterogeneity when 

thin preparations~ the blends re formed on icroaoope alidea and 



exam1n•d under the mior ac pe. 

tha~ it ie difficult t e sure 

xea present so 

r this . 

Sl 

ny aspects. however. 

other feature foun in t e enthalpy curTO• by Dr. Trimble .... 

the tact that the traneition•point (the t mperature at which the 

crystal structure change, tr ene tor:n to nother) f pe.nftin peraiata 

in each curve ev n though the effeot beco ea leas pronounce the smaller 

the percenta,e or paraffin in the blend. This uld aee d finit ly 

t establish the fact that x C and Paraffin ax cryeta.lli&• 

separately when the blends are cooled. The enthalpies ot the a lid 

blends &re higher than those e lculated by the th d of mixtures . 

indicating th&t a e b nd which requires ener y to break it exists 

between their oo p nent porti na . 

Prel inary work showed that these phen ena could be det oted 

aleo by eana or o ling ourvu . This lad us to further rk with 

auoh ourv •,. 

Th A.S.T •• elting- oint eth whioh was described earlier 

a not uitable for these oeoling curves tor it d1d net show very 

1harp br • e us a a 11 11- eftcuated. unsilver Dewar 

flask with an internal di ete!' ef approxi tely one and one-halt 

cent ters . iv:e grruu f x served to cover the bulb ,: the 

the eter. The thermometer could b rc,ad by estimati te • 

hundredth of a degree Centigrade. The -..x 'W8.a heated to about 

10-C. above the lt1IllJ;-po1nt by setting th fla.a1c containing it 

into beaker £ boiling n.ter. The the met r s then insert d• 

being held in poa1tion by a well•fitting topper in the top r the 

fl.a. k. 'l'he f'"la.sk •• placed in the jacket of a. 13eolcmann treedng-



pint apparatua which eerved an ir jacket. Th wax was a.llowe 

t cool with ut stirring. and the temperature area t intenala 

of thirty seconds . 

As ah wn in Figure a. the cooling O\lrVea r r blends of Pa.rat.fin 

and Wax C show tw breaks . P. rat in, x blended with W x ~ (Figure 9) 

give• ourna which ah w two br aka. ad• th blend.a ot Paraffin with 

Wax B2 (Figure 10) . Paraffin when blended with C (Fi ure ll) 

and ax BSR ( .igure 12) givea curvea whioh show t br ks , all :t 

which are a~cially sharp. :x Q when blend4td with ax C (Figure 

lS) gi vea a curve with tw; break• . However when x Q 1a blendecl 

with ax B2 (Figure 14). there ia nl7 ne br k in the curve. 

ax B2 nd x Bl when blended with x C (Figures 15 and 16) give 

o cling curves that show but one break: . Figure 17 aho the ffect 

of Sonn born Petrolatum in 1 we:ring the initial treezing• p inta et 

x 3 nd .ax C. Figure 18 howa the ffect ot ineral oil in l 

ering the initial tre ling- point f the a ea . Min ra.l il 

1a I nh& t re ef'fecti ve than ia • 

Figure 19 is t special interest. It ahon the c oling curves 

f thr e ax fr ctions aeparated tr. the san rigina.1 wax. and 

th co ling curves fr th ir bl s . The thre simple fraotiona 1 

Curves l . 31 and 71 ah :w but one break ch. The two traotiona 

separated at the 10 .. r te peratures and blended in equal prop rti na 

ale eh w but one break ( Cun-e 2) . Both r these fracti na ,me11 

bl nded in equal proporti na with the traction separated at th• 



H 

i++-t-H H-t-++t-H-,- .;_.j. 

i++- __ij:' -,-· 
JI . .·.::i.: ++++t\1-·>cH 

·'· 

' -++> 

-1-t-+>- . ---+ +- -l-+- t· + +- · ++ +tt- + <-_ -~ . ;-,- ~-:+-i+~ t;: . ,. I ~t:t;_·t- .:·r·:tl +t--,·· - ,-,.._._:jtt:;'-+;:;.. __ +_-1 -
tt '1 I-+ -, T Hi - -1-4+1 µ..: tt i • t . H J : ::i.:;::µ: - ' -

+ 
t+ 

l+++H-t-t-H+ +H+t- "* 

,_ 11 tt· µ ""· + 1.1. · · + 'J +± :t:.t+~. • ,_ · - · · "~ EJ"'li-;~·-:am:m 
I-H+t-H-t+t-l-H+t-H-i-t-i-H-i+-HH-i++ll+++-HH-i+-Hl-i-i-1:++'ttl:± ! + i : th H: ~j::4 H .iJi3h ;: { .. 1I ~. nt= tl':.l:H=! -~ -trl t- h'+i l . 

-t-i-H-i+-H+ .r£ t +- t- . ,. 

tt + 

.;-1+1 +-- . + r ' j. .-J.+ , 

j.. !i-, :t e,;:tl ,t t->t +H++tt -1=1=· ·.; ; '·+#,., .. -i_;+ -j 

' +-r<,;.. + ++- H H +tt .. f++J:.~ ~ ll, . .,,..;. ..; . lE~mmE 
' L L +-i • +i: r qE..:::1v f+,: !-i .. .. 

i ;t,; :++ + ~ :1.::· 
•• •r t- Lt + ; H- .. 

Fig . 8. 



Fi g . 9 . 



...,... -~ +t+' FR ~~ · Lm I-+ ...... _ 11· ::::1::=E8iEti1ii::.:1 -- ++,,. - [: 1 · H_ ...µr· •- , - ; H +t-'-++·-r · ·· · • • • , , • r 

..+ 
+} 

; f .. i 

+t
a 

+..:t 
++ 

• 
t 

rr H ...... 
+ +- t t+ 
i + -

... n +. ,r -H-

.. 
+ ++ 

++ 

+ +- ;: 

. 

+ 

+ +ft f-J:L l+ + -+-... +- H 
+- ;- ++- +d· T h 

t t.. Htf t t !. Ht-
H Ht ... ' + .. 

l· 

+ 
•· 

, ... ,. 
•t 

;- t,. 
++ 

P =rt±J ·-;.._ H r : Jt ,-:ti:ur 1:1=_ .. r .. ±: , P=t p:;--_~ .. --, r -t- · --- t. :+ t +i+ m+-· +tr- 1-t- ++--1-<+-t- ++-
+ 

.j. 

; 
+ ' + T ' 

t tt 
. -+ 

t + t t · 

' t + + 
rt H ·+ 

b: t t L 0 -
H :;: +- ·~t +< tr .. t 

rt ,l-·.J..t ' t 'H + 
t + 't + 

+ 
rl .,.. 
· H ;-+ +t; 
1!: ... ±f H :;:t 

H 
+++ +++· 

I- i· 
' Tr -H· 

j .n 11 . t 
+-1-t·t-

t +± t, + 
r .. 

·+·H- ff ++- + . + ·tr- + ; + +- t.. + + 
+ 

+ 
'l ; : T' t • -

+ .. + 

H t ++-

+- n 
ttt- a f: + 

t + t + 

t t t 
:;: 1 

... ' ++ j 

,. i 

+ ;. 

l 'i g . 10. 

t 
i 

T 
+ I + 

+ . 
~ .. ,_ 

r+ + -~ 
t 
+ .. 

++ 

H t+ 
•t 

tt ++. -tt a + .. 
+ 

!r t 
+ +• 

·t h 
n 

+c 

t+: ~ 

L r t 

+ 
-+ 

H 

+ - + +· + .. 
+ + 

+ .. + 

+ l 
.. t +- !t 

r t 
T + +- . 

-+ .. 

! 
r ' I-,. 
+ +- t .. 

I .r 

90 

~i 
+r 
H 

+-

f 
1 

100 

± + J -H-H· f+++-H+++-H 
+- T +- +-+ 

J .... t - ....... ..J . ..-+.+-!--1-l..J-
+ +, + .::: 

r L ,.+ ilftE ... 1:ti -I+ 
• + + +i -+ t ++ µ 

+r-r ·-- . l+.+l 
f+i- ~ l-+li:+4Ji-·'--+0: f++++I 

+ t .. t+ µ:t 

t1.10 tf___a1...1h· H'. 
- . r+ ~ 

; -.. _ +;~ 



l! i g . 11. 



, I 

H 
l++-1 

+-

H r • o.c 
Af ; · 

--..--
t'l'•b, ·:,t rH 

fl'J Q ,1 +-

'r 54.8 
· _t,,6~ 'I + 'i 
t-~ - i:: .H .. , 

ft+.H r ,+ f+-t++ · · +- t· :-+ -t+ 'fth-t--fttt- t+t- t-j- +-- M 

H ,, -\,-c ~+-,-~~~mm=t:++-+RU-- : ,_ M-i-f +++-+ l +H-+H · -+-H' :r . ' ,-;__;_ !+t 
I '~rt t-,\'-t- , - '. , ·' -~"t'1 · t+t• · 'Cl··' '-'H ' T ·t 

. : r.t 

1E +!-~ c-,--..,..... += ::t+ - :t:l+ :LJ:::+-~ J t ~ f+ ;.:H -I:: t i__j_ --i + ~__;Hµ-+_+4-++-t-+-H+tt_ -

+! 
t~ 

' t 
... .... 1- ++~ 

.. ~t H 
+-

H + +-,-

. H'ti 

,, f-r ++ 
-d, ! 

+++I--
-

+_ 

I+ +t: : :.u.;_r ~.:;. "' j f+ H-· 
.~;..!....j:: .j...+...;..... -··t- rt-++++--+~ 

+-,c-,- H-++- fJ ... a : µ ;+tr 
'..W. -.W.. -!:::f+t-µ.~ --,-+ 

i=t1"'"'. 7+-+-++,H-+H H++-H-+H-+++-f+t-+tt-H·H-+' +I IT..;. -
H· 

ti·-H-+tt+-+~-H-+j_ 

,-.,. ' 

] 'i g . 12 . 



Fig. 13 . 



Fig. 14. 



Fig. 15. 



I+ " ' ,- ++ + ,- +-- t,-r_,..tr ··_ ·:i:1- tr+t tt· tlffE:E:l!l'-'-1 -i 1-1- + - H +- '·+ t- ,-+r' +-_ . tEt· ft-· _+ .!-~ ++t- + t- H " m ! t:_ + -t+H- ~ Effillfflffi~ 
"'-'-' :..r 1. + w:J:i .L -;.+++ ++ 1+++ H- + + ~ t:H , ·r ++t ti+~ . . ....... ., + ,- t +-<++ + · ·-, 

!-~ 

ffQ oO ~11C l "]Q 

1 1mit- ::' r1 sec . i· • 
t- ~ - t+rt-+++-<-++rrt--H 

+i: -i +J:,-. 

Fi g . 16 . 



lzj 
1--'· 

()ti 
• 
I-' 
-..J 
• 

+' 

r, 

ij 
:++ 

++ 

L 
p 
fl 

.... 
I 

~ 
!1) 
(D' 
(';) 

· HtffiltlFF m mtlli=!ijffiROO l-t t t+ t +:j:H' 
:r_ ,·+ttJ -rt +l·t 

~Jl\ir_,,~+ 
w 
~ 
1d + 

~, .t t -1-.,,.. 
1+1=1-t 

I - +~ 1ffr!P f ,, : .. ~tl.+ft rntwtt ±;f 
1 rtmffilt ~h1imfflifflli Wu1 L 1+ ~Tt~, , 

I-' 
0 

J 

~ 
,0 

~ 

~ -,-+-- -

11 

jl_;_ 

-
1 

~r&imt~~11•;JJW1+ l!H fHL : : :-_ : ' : _~ '. . . . - ' . .. . ' "i . ; . -+- - ' -t-J- + ·- . 

OO}*hJ I th : 1, 

l+ttti=l=li+H=l=h+tttt1 13:ff 
11~61W'.fni~-tWl+t{ 

·t 

~E~ I ; ++ 

J vuma1 £IbtHmwt1~,~,1tJrr~;1;~l+nt1 1m:1m: 1rr:tRnrainn& li-t i1r1:r I ,(Tr Tr lff I l l-i tf:Titt[-rl"+:l+ Toil.I.: V __ _ IL:irt· ._ .•• ,+ ;;_k n ~ 
H + 'iri-~ t iil+tul: ' ' ' t .. ~ 11++J -.. Frn1+i:1-r11 1t1= 1 H~lffltti!11HWIW1ri:v 1 +tJ:tl-rtft-H--1-:,~ :: -IB+-i:t+ f ; l. "1+ hhtH h h1- hi-_~:,~~ ~ l:L._(L L " ' mt: llf !H[JfFW:tl -, 

E-<:t 
'itt~ 

t-1+tii~i1ifulillfffliJfflit,tifHttFtHHnflTIH_fflJ1ffllilmtmm:tJnw~~v~ ·Wfutlilll llllll g:m j:t ±t E i ,_ f t +t l.:t · : . -
~t tt 1---±.' 

,- -

ft t'· :d t+dl: :f (-+,-,L9F1Mm:m111111111 rmtlt t:ftfiff t.: -rn~ rmtttkHfflin~rrminml#filXIZ . Hlnt-h+ + ' I ,~+ 
+tmtnlifi~mtmmt;rr; ' I ~f1P~T1 ltt l*it:!:+ -ltbtH i=-+i-+ +t!®li:tiiltt:tttitttr' :ttt· - - - - • Iflfl,_ =t• = ===:.: ;; ,t1- IW, tn: lt:J:j: ltt:t+t.;< L ~+lffl+-r-tt1++Hi+i-Jtt#-H-J11 W+lt I +I,.,. !+·-+It' +I .+ti ,HI HI +± 

1r 1~+ft fl}qf.,i lffl!1;llim.:Hum HI ~Hlmln •lmtn 1: · :d.t:-n~~Timffiffl!tfflftmf~:~1::: Jfrt!f: ._I'. tlF •I~ +IF H~m Hl• • l ,:.tmt' 
it 
t ft + +1 i_'tnqt=p[nJEttl·F~I tr lm lff.-'Tlr·-tt+r-~ 1-~-qr l It t11: I tlF IE *qlt•a1 tr1· · l -t- :i 1·mtt +t +irt • ,- . .-.H ,+;: +-,HtJ+:jj:.t L,. -r, . , , r ,J- , •• t ;r;; :t-, j1- __ ·•• jt-r;1t t ff h. t Ttt-i-ttl-i-tJ::l::l:tttl 

~ ,. t~f ft +i . . 
• I 4 • . rl 

-+ ltidliittl$t!:_-+· ltL I tt:.1+1=1- _lttt lift !H [+_mmr.1•M#L1};J'• · ±_( t + 1: I ~I( ff"IW-Ft11~i-:rt"tfIUf_:-g_r~ t.. ' tJ: !+Ht1=4-li . . , t j:.. +f +, , . . ~· +-_L_±_ , P · , .11 I t1- , + · --~---L._dlLJhJ1LlJ-i.J1Lt ~H _ 1- , :.ft 

---1 
0 

0) 
0 

+t' I n ; 
1 r1 r + 

t· · +- t-- + 

-~ ~~~~~ I1tB:~•rrirm r 1 :· u m +1 n~:1r:-:1En~~--1-:mr~nm·L l UE 
.~ ~Ht J r: tHtJJJ£IlJ:ilit: l ;:!IJJ[ ''7: I+ ltHl1~-Lf_iG~~ 1+[~Jt:Jf: +I. £1• IL *4 i+1l~tr+~ ~ 

t , tt wm~·HMHlfWftHt~JP r:t:1~1 .! ; t C p~ t lm±l!!nm=ffi j:Ji1mtffl=H / t W tlf1- ii ti I h ;I . ¥#'iJ '. . 1 Frr~ 
,+ 

[f 
Al: 

,-lf+_ 
t-· 1:t 

t 

ti 
!:' 

' tf -, I ,, , i: +. 

t ,+ 
+ 

fl 
t' +l 

;g..L 

0 
0 

+it 
, ti- fr i- -

:t- ; ,- ; 

tf ;_ 
t- -, 

; -H-. ~- -t 

11+ le 
- ~ 

J 

{ 

+ +J ~ 

~-
f1 

tt 
~ • tt ~ !- t · ' I 'I 

q·+ I +T t +-__ ti !~_Lli~it 
Jl~(l[ 

ftnmw f+i I +u1·fltlHHIF1WfHWhWltl.1 ltUthJIUU~ lillUlllilHt!Aifilff lmttt!ttJIHlNmt±lrWlh: II' fl! r 
t ~ 

i ,m I : 
r 

11 : i ~~~, ,. 1,:mmrnmlhHl~ntlfJiWlmWilmt11r1~1: t1IIttt1rt1=ntmmmttnni!moollih1 
·+ "f t fl f ti .ti +I -rt,.r L~CJJ ·wR t 

; h ij µ 

l ' tji: . . 

• -t i ~tJ1!1oolmHmiimmmmmmt _j 

.... ~ 



t+t'H -±t__,..,. " 
t i H +tt. ' 

·+r 

l++-+-.--•++ H+r+r+++t-+++t-i++t-H ++-r++f-+ i ~ tr. 
4" 

H- tt-·+ H-+f t 
Wax ~3-

- ,,,._ '!,, .. ,.,, 

_,: r ;f f tF Ftfr- ~: : ~ ~ 

L 
V . f-· 

.. t-

t 
+ 

t =r 1- + + c....µ 1 ltt t r H 
1Uecll iT o ( lU"li 'es H ; : t 

,~~ i t e:rcl C i1 Se1ie1: +-
1 

+J ·++: .f:: .. 1 +::tr· +' · EE· 
+ .lt, + - .., + + • ...+ . . . • :: 
+ -· ++-f- ·• :_ -H-+ +. ~ --t H 

f 
H 

-~lE 
' +tt + . +t + 

f :f 
t :t + 

1 f + .... · tt ' 
H rr ( ·· t rr ~n ... t 
+-r- +t ~t .... t+ +- .J- t: 1-+ 

+ t f +-·+ ...... ++ 
+ t t . f .. . + 
i t + + 

'+·+ 

+t: + t 
+ 

t- . t 
t .... !!i .... '+ +--f-++· ,tt" . + t-· ' '. +• +- +--+-'+ 

l+t-+++-++++-1-++i+i-++i+i++-H+t- ++ + . ti++ tt :::tt,· .+ - l C +-++ .µ ttt t ~· t- tt +ffi ttt+ +,- 1ttt f-·. 
, U: ~ tJ_ + c+ µ ::;:re • H " 1:,j. t- . 1 t · !tt- ;J:t~ :t t . : . .p -1-;. t+J-' r+, 1,-i++-+Ttti_-tt't-l 

H' -,-i-

!rt' -w +t: s.u= 
·H H' 

·t-. I+ -t--'.- .J .... :+" r" 

Fi g . 18 . 



Fig. 19. 



3 3 

gh st t llifl ratu r-e sh (C rvee 5 and 6) . in. 1 , the 

bl d of all · re f :r ctions sh t break , not t' re at. night 

have been originally expect o. { (,'urve 

So :f r c the · ta here L,pl y • the t' ree 1 .. raetions do not ~:.o 

th&.t t · ey re lecu.la.r ,1ak~ u e. n.e wo ld e ea !'rom 

t f ct t at e h c;} ea frc:ro the ume :u.x. It they ere of the 

ol ecular. tte:ru, t hey hau.ld r dily build into th ~ 1 C lls 

o. t he cryst l. gi i ~ curv th reak. I thy did 

beh ve in thi s • it uld in icat th :o ~a. io 01 -olid soli tions 

in ieh fo:rm theee l'r t · ons ex1 ed in the ori gin l lmX. 

-·:raotion 3- 150° , · o e lni i treezi g- point i 1e0 c . high r 

than hat of 7- 11 o , and 30. soc . hi r than tha o 11- ?oo. gives 

a second re kin the cooling curve th el her orb th 

of t em. Iira.otion 7- 110° , vlll.O"C niti freaz:l.n'- -.point is 1 2. 5°c . 

higher tan tat ot ll- ?0° t oe ot 1ve s cond break wh n blended 

t h the 11- 700. T!le.n there i .., the t ct. th t t hird break do. ot 

,pp oar b. t e thre fr ction• vlende. ~ s it should ii' 1- 70° 

er€ f roez,i gout sep tely. It "y .ell be the.t ough oi' 7- 1100 

"'till r- ns liquid wh. the i 1 i freszi - point of 11- 1100 i 

reache ~ t at it molecu.l eo can ild into the ccy~tal cells ic'" 

are oraing t that t e to i 1 e "Ol sol tio (; . T ul not 

.P 1it any brei..~ et th.is poi • 

Thi ypotha i .;.; t he..'l it;i cap la of expl i ti th . oubl-e re s 

i. cooling curve foU!la. when . 1Ch a.r q ·it un' i ke in =iolec-

ul co::npo.,.1t1on a.~d ::.n. 1 illg- point cool e.n cryat llize. It also 

explains t he l ac o·:f a second r _ i n coolin1 curvo of w eB en 



a seriea ot ditt rent c pound• t overlapping melting-p inta are 

preaent. An extenaiv exa.minati n of n eroua blends o.f fractiona 

prepared fr the s e xi• distinctly in rder. If carriod tar 

neugh 1~ ght serve to bl ck ut the lting ranges or wax frao

tiona rather definitely. 

The mutual effect displayed by waxes in the -v&rioua blends upon 

initial rreezing- pointa (as shown by ooolin ourvea) are of inteJ"eat. 

They r-e present d graphically in igur a 20. 21, and 22. Special 

ttention must be call d to the fact th t the initial mel ing•point 

0£ ax C is l wered by P r ftin ax blended with 1 t . and likewise 

the initial lting-point f Paraffin ax is lowered by :x C. 

This effect i different fr that found with 11 f the ther blend• 

examined. 
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36 

COHCLUSIO 

'lhe dilato etric ethod can be us d to determine the densitiea 

of waxes trom. ro temperature t well Above the melting- point. The 

accuracy f this method 1a approx tely :t'0. 5~. Th ee determin&tiona 

are very tim&- eons 1ng and hence not well suited to co rc1al lab ra

tory processes . Some x s re exceedingly sl win ttaining volume 

equilibr-1 • Densities r such xea ust theref re b con idered u 

uncertain. Aside fr these difficulties . the ethod has pr ved quite · 

sat18tactory. 

Density- temperature curves obtain d tor c ercial micr crystalline 

waxes rs pl fr ctions t th are similar to the curves r paraffin 

waxes in the literature. So e blends of thes ea show not, on 

but two breaks in the density• t er ture curv a; therefore, we c nclude 

that there are two freezing- points in these blen s . 

Crystallin1ty Index aa used £or char cterizing ,:es has as und 

f undati ninth ory. er und t hat er tallinity indices fail t 

place so or the .xes in their prop r categories . Thi k:e further 

rk neoeeaary before the t dis acceptable. 

Co ling CU.l"ves ser to determine the initi l fre zing- pointa 

of crooryat lllne xes fairly s ti.sf. ctorily. Th y do n t give the 

sharp breaka desired in all ca es. These curves frequently sh w two 

breaks as d the d aity- t perature nd th enthalpy- to porature 

curv • 'l'heref re , the deter tion or cooling curves can be used 

t expl re waxes tr the existence of tw freezing-point . Cooling 

curTea can hardly be u ed in characterizi:og wax. 



The occurrence of twQ :freezing-points when waxea cool 18 

tentatively explained a• being due to the frosting of one component 

while the other remains liquid; then, on further cooling, tl'ia freez'""' 

ing of the second component starts. 'l"hi-a hypoth.eds still require• 

careful experim$ni:al coni'irma.tio.n. 
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