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fl:uKC'l1ll'nl(11'Ihe ,Iir \'ClllCity was OhSl"ned\'ery ll('ar IllL' lr:lIl,ilillll lorllle Ihrú' \:II¡, \llldied Thi, re'1l11i.•,illlibr \tI lhe (lne rl'llorll'd h;-

ll\, lI\ing 1\\(1dilTcrelll x:mlh:l11,amples in lhe "hsencc (JI ,;,11,Tlh: hcl1,l\i(lr (It' [!lL'1'(l\\l'r-1.1\\P:ILllllL'[Cr.•(JI'tllL' \Iip \L'I('cj[~ \\:" \¡mil:lr 1(1

lhe (1Il("(lh[:linL'd "ilh xanl!l:1ll withouI S;II(;lrtlUI1Jlhl' Irall\i[ioll!L'mpL'r<lIlll'e Slip \\<1'liL'll'nnillL'd \\ilh llw \hHlnl'~ lIletll(ILI, \fl(I\\lllg gOlId
rnl1lls :Illd \lnly slllall disLTcp:l1lL'icsal lligllL'r lelllpcrallrrcs (r > :,\.1 (' lo

I-.lll'\tL' lr;lbai(l \l" lll\csliga b int1ucnciade [ro \:des dilerelltes (1\.('1.()(/()()2 \1. (';11'1.., l)()()OI ,\1. :",1('1.O,Un02~Il s(lhre I:i \clucidad lk
deslll:lIl1ielllo lk ,\oluciolles al'IIOS:ISde \:l111al1:1al O,Y;; en el in[el\';i1o dl' lCIllj1L'rallrr:ldllnde nl'lrrr\' b Ir,1I1Sil'i('lrlc(lnlúl'Ill:lcjonal muell-
dl"(lrdcll de la \¡tlllana, 1.:" Illedióones dc \'CJocidadde Ik,li/alllicJlt\l IUL'rOllrc:lIi/,ld,l\ l'lln UIl leollll'!lll de l'apil,1I dc \'idrillcoll UI1:1ra/(in
IOllgilU,Vdi;illll'lro de 6..tO,llll alllllento cn 1:1\'clocidad de deslil:lInicll[o 1Úl'l'I1L'Olllldd"l'crCI ,k ';1[eJllpl'raWra lk [ran\ici61l p,lr;11:1,[re\
,ak\ 1IliJi/adas,similar al l'ornronmnicntocllCOlltradol'n au'crlCia lk s;IIl'.\,El dL'\li/;lllllen[(l fue dl'!l'rlllinadoll.'amhl d nll;[ndo dc \lpnnc~
~ L'11lll-{odlldc l'i;HI y L'olahoradml".\I1l(J,lfillldolln:1 prop0l'ciondlid:ld indl'pcrldicllIL' del dl:íllll'tnl dc '(l\ clpil;lI'L'\ ~ ellipo de q!1l1ili/:,do ~
1111\'alor cl,i l'ollSlanlc en lodllcl in1l'rvalo de IClllperallll'dS1Ilili/;ldn (2h -,\Ir el

I'"es: -l7A5.(i\; XJ,IO,Nn: X3,20,Bg

1. Illlroductioll

,\JO'i1sllldiL','i lkalill~ wilh -,anlhan gllm ,<;ollHioll 1'l11'1llogy

kl\'L" hl'l'lll'Ol1dul'ICd al sall and !Cmpl"ratllrc condilitlll\ 'iueh

Ilwl Ihc lIIoknJlc is slahiJi/L'd ill Ihe ol'lkrcd rigid- rod l'OIl-
t{l['lllali{11l 11-11, illl'lllllllhlll wilh ch;lrged flo1i{11l'i lIJe IJlcr-

1Il;¡JslahiJíly {JI' xanlhan l'onformatiol1 is largely arrcl"lcd hy

lile ionic ell\'irnnmelll. Ik'iide'i Ibis, 'ii.'\'craJ olllel' ral'lor'i ari.'
I\I}O\\ 11lo inlluL'IlCC lhe lhcllnal propL'nics nI' xanlh;lIl, .•.Udl

:h lhl' degrú" 01' <lcc!)1 and pyruvale SUbSlillllioll 1,;1. Such

11'IIlJ1L'raltJrL'dcpendclllT hqlills lo diminish all'Olll'l'[llr;nioll.\
hl'llI\\' 1 llIg/IlIJ 1:21,

TllL' 1\\'0 l'\lrCIllC conlúrmational slalL's in \\'hidl Illlo' \;1Il-
111;lnllloiL"cuk i.\ knm\11 lo c.\isls al. llameJy (he onkrcd Ilc-

lieal rodlil\e {JI'as a fully disonlcrcd l'oiJ. llave hÚ"1I irl\'c'ili-
,:!:tll'd and Prohl"d hy a IlLllllhcr 01'physicallheclliqlll" JI¡-~J,
'j'hc Illid-Pllillt (lHlcr-dis(m!cr conforlllalionaltransiti{1I1 ICIll-

pnalllrL' (1~'1)can he shirtcd in tcmpcraturc hy IlH)dilying ¡11L"
lYI1L'and COlll'l'ntr<lLioll nI' sah 16. DI,

Tlll' \lip phl'[]{lllll'll(l[l ni \~llllhall "'{lluliolh ha..•hÚ"1l ,wd-
íl'd l"\llo'[]si\'l'I~ in Ihl' 1a,,1YL'ars I!(J, IJI, 1I is origin<lled h~
;1sl[,()llg :di),llllllL'[1l nI' lllokl'uJcs neal' lhe \\'alls \\'ilh Ihi.' /lo\\'
:lIId migr;¡liollthrough regiolls 01'Im\'l"r \heal' SII":S', original-
ing;1 10\\' l'OIlL"L'nlrali()llla~LT adjael'nl lo lhc walJ'i [1:2.1:31,
ThL' 'ilip \'dol'ily ha\ hl'l"1l Iradilioll:tll> Illc,htlrL'd hy Ihe

Jlll'lhod dl"\l'llljlcd by 1\loOlll'y in ItjJ I 1'111, Arte!' t\'loolley

lllllL'r <IullHlr\ h;I\'l' propll'il'd allL'rIl:1Ii\L' 1I1L'thod\ lo ml';lsure

'ilip in l'apillariL" II'~I. J,íl \\'c ha\'l' ,110\\n in a previolh pa-

jll'r Ih;¡t ()Ill~ lhe :.lo(ll1c;- [lll"ll1od <lnd IhL' lllc(hlld dL'\'clopcd

": I'i:lll ('f (//. ;11\'adCl'lIail' 111Illcasun: slip 01'xanlhan solll-
I i (111 ,'i jI -;-1,

11i\ \ldl I\JlO\\'n lhal 11lL''ilip pl1l'[](11lll'1l0n {kpL'lld, on
Il1l" 'ilnll'llIrl' ;lnd conl'ortll<llion 01' tl1l" lllo!LTlI!L"<;. Ik Var-

g:l'i (" 01.1 J ,'"'IIJ;I\'L"dCllltl[]slr:lled experimentally lh:ll llcxihlc
IIl:KH1[IH)kclrk, (Ir J1\lly"1hylcne {l.Xidc (I)EO) and p{llyacry-

Jalllide d(l 1101\110\\ \Iip in gla'i' capilbriL's al rc/:lli\'l" small
"'[I'l",< 11lL''dllll' rl',ults \\L'rc found in om laboralory. t\n l'.x-
cl'kll[ rl"\'ÍL'\\ 011lile SUhjl'CI IJ;l" bCL'nn"Cl'lltJy pubJi<;hcd by
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3. Theory

where Pl and P'l are respective1y the measured prcssures at
the entry ami cxit 01' the capillary. From the Poiseuille thcory
the apparellt wall shear rate ""I~l' is givcn by

(4)

(3 )

(2)

(I)PI - P1
4(L/ D) ,Tw =

:\2(2
-fU' == ¡rD:i'

According '" the Mooney lheory [14], the slip phe-
Ilomenon is interpreted as an ahnormally ¡arge velocity gra-
dicnl in a vcry Ihin layer adjaccnt lo Ihe capillary walls. The
slip was considcred mathcmatically as a disconlinuity in the
velocity of Ihe lluid. The Ihickncss of the laycr wa,; eonsid-
cred very slllall in comparison wirh the eapillary radius. The
slip velocity 11", is dcfined as

whcre f3 is a constant slip coeflkicnt and Tll• is Ihe wall shear
stress given hy Eq. (1).

After several steps ami using a change in lhe variable of
integratioll, Mooney ohtained the relalionship:

The prcssurc drop hetwecn lhe capillary cnds and the volu-
I11ctric now (Q) wcre measured for Ihe xanthan solutions and
from Ihese data Ihe apparenl wall shear rate (1w) ami the wall
shear stress (TU') were determined neglecting end etTects. End
offecls can he noglected for capillar;es wilh L/ D 2: 500 as
was demonstrated by De Vargas el al. [10]. Under such con-
ditions. a fully developed now is achieved and lhe now curves
hceomc praclically independent on Ihe end effects.

The wall shcar stress TU' can he ohlained experimentally
hy use 01" the relalionship:

where l' ami Tare respectivcly the shcar rate ami the slress al
a distance ,. frolll Ihe wall and (J is the measured tlow rale.

Thercfore. fOl" a given vallll:: of Ihe wall shear stress. a plot
Or1w as;¡ fUIlClioll orthe reciprm:a1 orthe diameler 1/ D, will
produce a slraigth linc of constanl slope ol' magnitude 8v,,;.

lers were detcrlllined by llsing mercury wilh a prccisioll ol'
:1:02%.

Three dilfcrenl salts (NaC!, 0.0002 M: KCI, 0.0()02 M
and CaCI2 • O.OO() 1M) were uscd in order lo shift xanthan Tm.

In order lo manlain a constant ionic environment in
Ihe solulions, elcclric •.•1 conductivity was measured on
a HORIBA ES-14E conduclimenter. A Brooklield model
LVDV-I11 viscolllcter fittcd with a cone (CP 51 COlle angle
1.565°) was used to measure steady shear viscosity.

The experiments were performed in a capillary rheorneter de-
signed and constructed in our lahoratory and described else-
where [17]. 11 was calibratcd with a ncwtonian solution 01'
70% glyccrol (J.T. Baker, density 1.2576 g/cm' and molecu-
lar weight 92.10) in deionizcd water at 20°C. We perfonncd
viscosity measurements with three differcnt capillaries 01' a
O.6l'!c polyacrylamide aqueous solution and cornpared with
lhe results ol' a Brookfield cone and plate viscomeler. Thc
ohscrved dil'ferences in lhe fIow curvcs were less than 2%.

The pressure drop was determinated hy using a Validyne
pressure transducer. Using a hydrostatic head, lhe prcssurc
was vnried and the uncertainty in lhe pressure measurements
\\'as "ept constanl 10 wilhin 2%. The volurnetric fIow rale W¿L';

delerminated hy using an analytical halance an~ a stop walch
and Ihe unccrtainly in lhe vo1urnclric fiow was kept 1ess than
n.1 %. The shear rate and shear stress ohtained in lhe experi-
ments were in Ihe rangc of 50-600 S-I and 3-7 Pa, respec-

lively.
The experimenls were carried out at constant temperature

using a circulating waler hath conlrolled to within :l::O.2°C.
Allowance for evaporation losses al the oUllel of the capillar-
ies was made llsing dislil1ed watcr as a refcrenee.

Samples of xanthan gum (Gum Xanthan, Aldrich Chem
Co., Cal. No. 28602-R lot no. 05119MG) solutions were pre-
pared using deionized water as descrihed previously 1171.
They were run lhrough a capillary ol' known now curve. Ihe
accepted differenccs in the no\\' curves for different so1ulions

were less than 2% in 1.
The mid-poinl order-disorder lransilion lemperalure TIIl

rcgion of xanthan solutions was delermined hy measuring in-
lrinsic viscosity at diffcrent tcmpcratures in the range 24 lo
)()0C.

Thc intrinsi(; viscosiry of aqueous xanlhan Sollllions was
mcasurcd wilh a moditled Ubbelohde viscomeler (cal. 7987-
05 sizc 0.6 mm.), inmersed in a waler hath circulating at dif-
rerenl tempcratures.

The expcriments werc performed for L/ D ;;;:640, the di-
amoters oseO were 0.228, 0.126 anO 0.090 cm. AII diame-

Agarwal et al. [IU], whcrc lhe slip phcnomcnon is extensivcly
discuscd.

On a recen! accounl, we have recently dcmonstrated 117].
tha! lhe experimental slip vclocity rncasurcrncnts of two dif-
fercoI xanthan gum solulions,.show an abrupt change around
lhe Tm ofthe xanlhan molccule. Thc aim ofthe preseo! study
\vas lo show that lhe change in slip vclacily is more pro-
nounccd around lhe xanthan Tm, and 1hat this cffect is consis-
ten! wilh lhe shift in xanthan Tm in Ihe presence of diffcrcnt
lypo of salts (NaC!, KC! or CaCh).

In lhe ncxt sCdion \Ve cxplain lhe experimental dctails.
in Serlo 3 basic thcoretical conccpts are cxplained, results are
givcn in Sect. -t and finally in Sect. 5 some conclusions arc
dis(;used.

2. Experimental

ReI'. Mex. rú .¡.¡ (3) (19n) 277-2X 1
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Equalion (4) can be expresed by lhe relalionship

(5)

givcn by lhe exprcssioll

3" + ¡ (j
)11' = --,,- ¡¡[rl

where 11 amI k are lhe powcr - low parameters. R lhe capil~
lary radius, ~PI ami ~/~, the lotal anJ entran ce hcaJ los ses
01' (he capillary, rcspeclivcly, ami the othcr pararneters wcre
Jclined aboye.

¡\:-i a final resull. the relalioll:-ihip giving lhe waH slip ve~
loeily is given in Eq. (5) in lhe appcndix of Ihe work of
Piau et al. by lhe expresion

whcrc )00 denotes lhe arparenl wall shcar rate cxtrapolatcd
10 inllnitc Jiamctcr in abscncc 01' slip.

This IllclhoJ lo calculatc lhe slip vclocity docs n01 COIl-
sidcr end cffccts and a uniquc curve is ohtaincd for dillcrcllt
diamctcr 01' lhe capillarics ror cach set 01'Lj D"s.

Piau el al. 115] have dcvcloped a Illcthod lo Illcasurc wall
slip in capiJlarics considcring lhe cntancc hcad losscs 01' lhe
capillarics for a fluid hascd on a powcr la\\'. This equalioll is

I

3/1. + I v.~---+
11 R (6)

311 + 1
---1'", =

11 [ (

7 - !!-",r ) -1 + (1/11) R 'r]p 11,' 2£ e .;;.,,), /:'
1+-, "1-'_'_

11 h~ _ • ,,"'fU' [
d'yw ]

d(I/R) '"

11 , -1 + (l/,,)
_ 11' "'1', (TU' - 2i"'¡ ,)

2L "/1 k (7)

Whcn LI R approachcs inflnity or Ihe cntrancc hcad
losscs :.':1P(' are very small wc ohlain lhe slip vclocity

11 [d'yU']
1', = 3" + 1 d(l/ R) , .• ' (X)

Hatizkiriakos and Dealy 1161 have inlrodllccd a
/lew mcthod lo mcasurc slip in capillarics for mol!cn
pnlycthylcncs lIsing only une now curve. In lhis way. Ihe slip
ve10city could hc detcrmincd fmm lhe hasic capillary 11m\'
data and this vclocity can oc caIculatcd from a single appar-
enl How curve (Tu. vs. )'11') whilc lhe Mooncy and Piau Illcth.
uds requieres al Icast thrcc now curves with (he same L/ D
ratio ano diffcrcnt diamctcrs. Rcsults ohtaincd in a prcvious
paper 1171 show lha! lhe Illelhod developed in ReL 16 is no!
appropiatc lo determine slip on scmidilutc xanthan solutions.
011 lhe contrary lhe slip \'clocity oblaincJ wirh lhe lvlooncy
metllod and Ihe nne derivcd wilh lhe IllclhoJ developcd hy
Piau el al. rcsultcd proportional.

ot. Rcsults

Thc curves TU' \'.\". 1'w show lhe typical power-Iaw rcla-
tionship (K':II.) with an average correlation U around O.Y9
for all the curves. However, higher correlations were found
(R 2: 0.999) by adjllsling a second order polynomial rcla-
lionship.

The pamlllele,. 11 (average 0.33) did nol depend appre-
ciably 011 lhe type of salt anJ {he capillary diarncler amI a
slight dependen ce on {he lemperature was ohserycd, showing
a lowcr value (approximately 0.32) al 28°C and 0.35 al 38°C.

The slip velocity was delermined by measuring lhe LJlIall~
tity [d'yw/"(I/D)IT

w
lIsing three differenl capillary diallle-

lers by f1uing straighl lines with Eq. (5).

In the ¡imit 01' large capillary diameters, we founJ that the
differenl'e 01' the slip velacity detennined wilh the Mooney
I1lcthod and the olle de(ennined with the method 01' Pinu et
al. \vas practically indcpendenl 01' the lypc of salt uscd anJ
indcpcndcnt of tcmpcrature. According to Eq. (8), the factor
-111/311 + 1 gives an avcrage vallle 01'0.66.

Figure I shows the corresponding now curves 1w VS. Tu.,

rol' severa[ tempcratures, using thc conc and plate viscome~
ter, all(l ';'00 I'S. Tw llsillg the apparenl waJl shear rale extrap-
olalcd lo infinite diarncter in abscnce 01' slip obtaineJ form
EC). (5). The avcrage differcnccs hetween readings on both
llow curves \Vcre wi¡hin 2% Jernonslraling (he applicability
01' (he rvlooney rne(hnd.

Holzwarth l!Jj has shown that lhe transition tcmpcrature
of xalllhan samples incrcases with increasing salt concentru-
tion rOl' bOlh Na+ and Ca+:! and has ohserved that Ca+2

is clTcl'livc al lo\Vcr l'oncenlrations t1wn Na+. We ohserveJ
thc samc hchavior lIsing salt concenlrations of O.(){X)2 M for
NaCI antl KCI allll 0.0001 M forCaClz.

f-igurc 2 shows (he slip velocily nf a 0.3% xanlhan so~
IlltiollS wilh (he conccntralions 01' lhe three salts Illentioncd
ahoye. Thc reslllts .¡rc similar to lhe ones found before wilh~
oul added salls [171.

An cnhanccrnent 01' thc slip phenomenon is produccd for
lhe ditTerelll salts arollnd the transilion tempcraturc, dernon~
slrating the high sellsihility of the capillary rheomelcr to de~
lect Ihe transilion temperalure 01' xanlhan samples. The mea~
surcd Iransilion Icmperature of ollr xanthan samples was ap-
pro\imately ~9-3W'C rOl' lhe cOllcelllraliolls uf (he salts uscd.

Figure 3 shows Ihe rvloolley plots ror lhe (hree differenl
salts lIsed al 30 oC ami rOl"the three dilTerent diamclers. The
retalionship hel\vcell Ihe shcar ralc and Ihe invcrse o" the di-

Ret ..Met. Fú . .w (3) (199X) 277-281
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;llld lllt' "lllPI.' (l1"Ihe curves !1ivt's Ihe slip vclocily ;¡(eordin~

wilh !"tl,i)).

Di\iding Eq. ( 1) by ElI. (2) Wl' oblainlhc appan:nt visco\-

il) (I}) túr l.'aeh diílllll.'Il'r or 11ll.'(;lpillar lI"cd .•.\\ i" "I1O\\'11in

Fi~ ...b. Ij dl;¡n~l'" 1I1(1I"C;lhruPII) around Ihe Iransilion 1l'1ll-

I'l'r:llurl' \\11('11il i ..•1Ilt';I"lJred \\ilh Ihe l..apill;lry rheolllell.'I".

Thl' a\'l'ra~e \i ..•cn •.•il) l'Ililll!-'I. •..•Inr Ihe Ihrl.'c sallS hcl\\'ú'n ~X

and :\(1 e are ahlllll ().()~ p(li"'l'. ()n tlll' l"onlrary. sueh \'aria-

li(ln" Call1l(it hl'l'asily de!L'l'll'í! hy lISill~ a CUIll' allí! plall' \'i.s-

C(lllh:lcr, nhtainin~ .slllaller l.han!!l'S nI" lile CLlrvalure amullí!

Ilw Irallsitioll lt'lIlpL'l"atUl"l' as can he SCL'Jlin Fig. 41l. This

cnuld pmhahly hL' dLle lo lile inllul'llCC 0'- lhe geulIlclry 011

1111..'\'iscosity Illcasurcrncnls.

Thl' slip n'](lL'¡l) in I:i).!. 5 ,,!lo\\'.;, Ih", kntl\\ 11pO\wr la\\'

hdla\-ior (1\" Ti/') ror l!lt' lhrl'c dillcl'elll salls. The slip \'elpc-
ilY rl.'.sulls an.' depl.'lllk'lll on IIK' lypc 01 salt. -.;hO\••..ing lar~er
\';ilul's for KCl awul1d ll~.•., IransiliolllL'lIlpCralllre. TI1l.' hella\'-

i(Jr01'lhe ]1o\\'cr-líl\\' p:lraJllelcr-.; is :...illlilar lo IhL' onc reponed
bdorc. whcrc 1\' tinds a l"l'lati\'c lllaximum ami 11¡¡ rclatin.'

IlIillillllllll [H.'arIl1l' Irallsiliolltelllllt'rallll"t.'. The powl'r la\\' pa-

r;lllll'ln:... arL' gi\\'1l in Table I rOl"Ihe ditlcrenl salts llsed.
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T,\BLE l. l'owcr.Ja\v pararnclcr llr lhe ~Jip \"l~locily no:, = 1\' 7,:',) rOl" O,~l/i, \anlll,lll snllllio1\S wilh lhe llncc sall l"OIKCfllraliolls ll .•.cd \:, is
¡..'i\T'1lin mIs ami Tu, in Pa

1", (', KCI ( ';I( 1, ;\;tCI

n K n K n K
2fl J,() 12 ,1.~l x 111 3.30 .~ x 111 2.XI (i.O x 111
2X 2,/l.1.1 ~.fi x 10-' ,~.2h :!,O x 111 2.':.7 1.1 x 10-1

30 2)Nh 7." 10 --, 3.97--l- I,:! In 2.X 1 ti,O 111 "x , x

32 3.012 .I.!J x 10-' 3.22 :::.? x 11I 2.X) j" .J x 10-',,-
.1. 3,6()5 !l.!l x 10-4; .U';6tJ - I x 111 3.--1-2 1.~) x 111 ",

5, Cnllc!usinlls

FHiURE 5. Slip vclocily I',\".wall shcar s(rcss hchavior 01"(he S,1Il1C
samples. The lernperalllrc nO'le) corrcspollds lo l!le rnaXlJlllllll ni
slip vclocity ohlaincd whcn llscd KCI.

D01~ , lO' (.~
'C' o 0002 M
NaCI o 0002 M

00••
CaCl1 o 0001 M-;,

00'0

<o "
t" 1r~l

'"
I

small dc\'ialions \h'n,' tlclec(cd al n:lativl' higher IL'l1lperalUres

(r '. :l1~Cl. Thl' apparL'nl \.iscosily Illcasured wilh capillary

dlL'I)IJICtcr S\Hl\\'l'llllltlrC scnsihilily anlllnd lhe lransiliolllhan

Ih:1t ohlailll'd \\ilh a COIlL' and pl:UL' \'iSCOmelcr dUL' lo lile ill-

tlucncc nI" \\'alb, Tllc ]lowcr-Iaw par:UIlClcrs ohlaincd for 11lL'

slip \'L'locily SIHI\\.L'd lhe SalllL' qu:¡lilalive hchavior ;IS Ihe one

1\'pol'lL'd hCrOI\' l"or 1\\'0 dilkrclll salllp!L's of \anlh:1Il gllm in
11lL';t!lSl'IlCe nI' Silll.

In spilc nr 111('dilliclIltics lo llleaSllrc slip hy lIsing Ihe
,\10011(,)' Illethod. lhe L';¡pillay rhcolllcler has sho\Vl1 lO he a

sensihle antl llSCI"uI 1001 to determine the heha\.ior 01' lhe slip

VCltlL'ily :mlllnd tll" lile tmlcr-dis<mlcr lransilioll Icmperalurc

tlf .\anllla]} gUIIl :tlld Ihis could he lIsed lo cOlllplete Ihe L'l1ar-

aClcl'i/aljoll (Ir tl1l' :ransilitlll and lIndcL,lantl Ihc rL'laliollship

hctm:cn llHlIL'l'lI\ar l'{lllftll'malioll ¡¡nd lhe rhc<I!<)gical pnlper.

lic:'>nI ,anlhan solulion ..•.:llld ollle!" l1l:lcrollloll'l'ulcs.

In Ihis \Vo!"k \Ve have invL'sligaled Ihe inf1ucllcc 01" (Iirl'L' dil"-

krelll s;lIh (NaCI. KC\ and Cae!:!) O]) Ihe slip \'L'lpcil~ tlf

().37r \¡¡nlhan solutilH1S anlund thl: Iransi,i<Hl lemperalurc.

This order-disorder Il'ansili<Jn leJ1lpL'ralUrc \Vas shiftl'd duc 1<)

lhe sa\inily L'flccts and an l'nh:lIlcelllclll uf lhe slip \'L'lol'ily

aroulltl this IClIlperaturc \\-'as ohlained rOl" Ihe lhree casc.,.

Thc i\loolley lllClhod. lIseJ lo ohlain lhe slip \'Cloeily. rL'-

sulted aproprialc lo IlIcasun.' Ihe slip phenomcnon and onl~
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