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Introductlon

Anlsotroplc do¡rain size' defined as the

"r"ül---"pi"i"g 
b.etween extlnction eontours

obaerved durlnt mr'croscopic . "1"1i11ti:n 
with

crossed polarizers' ts kno¡m to be an iÑPortant

cherEcteristle ot nasophasE -Pltclr' 
t::---t*-nf"'

nosophase pltches 
"óf"i"c i lnt- 

production of

ili'"i- e i¡lrs orst te caPa¡le of fo¡'mlnt s rarBe

Ilili; 
--;it. 

rtren he¡tetl undar qulcscent

condiLlong. t Ttre quallLetive celationship

bet¡,€3n @soPha3e vtseoltty ¡nd-- don¡in ¡lze'

ñ;;; 
"---ii"¡t 

¿ornein size ref lecting a los

;;; i l " .  vtsco=glty and vlce verss' ras. infered

ñili.irv by Brooks and^ ravlorz and confi¡me¡l

by hot-atgte niccoscopy'3 .iyaica-l 
donain siza

;:";- ;ñ behavior derived from - hot-stete

ái"."t"tf""" ls iilustratec sehenatically ln

Flture l. At 
" 

t-iu"tt ternp€reture' the tine

iiit"l rl requlred for thE less viscous

nesophase (I) to reEch a Siven dornain size after

agitatton is less than Lhe Line (Point B)

"lq"i".¿ 
by the more vlscous nresophase (II) to

reech the sane doú8in slze' ft¡is osthod cgn b€

uged to estinate do¡¡¡ln size' but IL is

ii..-"ott",ttlng and subJectlve'

The PaPer tlegcrlbeg a 'constant Lime"

p"o"lii". 
--i,, - 

'tti"¡ the donain elze ls Lhe

neEgured quantlty. In this ¡¡ethod' the nssoPhase

is reduced to a unifonnly súall^ donain size'

il.a"l-i.i"ealed) for an aPProPriate tensLh of

time at a constant tenperaurÁ' and then exanined

iy* p"r*i*d r ishl nicroscopy' F9t thls

;;"".il;;, the domiin slee (PoinL c in Fituro 1)

of Lhe I'ess viscous meteriEl (I) is lartar LhEn

Lh€ domaln size (Point B) of Lhe more vlEcou¡

nesophase (II) .

E:<PerlnentaL

llesophase Pitch Preoaration

Any suitabla method can be used to PrePare

tt¡e 
-iásoptrase 

pi¿ch' The only requlrement is

th¡t the Proóuct "o"t"t" 
more than appfoxlnately

iñ- .""opit"".. lhis requirement Precludes the

cese rhere tfre true "lnherent" don¡ln size night

i.-1."e." than the gnall size of Lhe coalesced

regfons- ln a lor nesophase content pitch'

Annealinr

The ..anneaIing" procedure enployed here is

""". i [ t . try 
identical to that used previously for

ñ; q,r".,ilt"tiu. meesurement of mesophase

ioit ."t ' . i ---- ir ief ly, a rePresenLelive Powder

;"*i" (-20o mesh) of bhe mesophase gitch is

ñ;;¡ in a Loosely covered cerar¡ric boat and

heated ln atl i'neri' atuosphere et Lhe desired

l"tp"t.t""" (usually 325'-4óo'c) for s convenient

ñ ; , - e . g , . . 0 . 5  o r  1 ' 0 h o u r s '  s i n c e  t h e

individuat porder p""ti"l"" ere ¡andonly orlented

rith respec¿ to each other in the s84le holdar'

they óevelop a unlfocnrly gnall donain size ¡rüen

they begin to nelt during the i¡itlal h€et-uP

Portlon of the annealin8 slep' After EnneallnB'

geveral intEct vertical croaa-sections are

mounted and polished for nicroscopic -exa¡nination
using the p.o""a""fi""t"f¡ta previously'4

O¡antitative Evaluation of Domain Size

Donain size neasuremenLs can be ¡nade nenually

on photomicrotraPhs by u.sing 
", 1:"t 

setment

method. This procedttre involves , counblng the

ru¡rnber of extlnction contours which intersect a

series of equally-spaced parallel linas drawr¡

across tt" tr"roiítpit' A nunbgr. avereBe donain

size is 
".f"t'í"tta 

from this data after

correcting for 
"tty 

isotropic phase retions or

voids wüich ere Present'

340

":----i i  - -- ' .-..-*. '
rrf, ongrf,asY wrs)

Figure 1. Schenatie Ptot of Donsin Size Versus

Tlne a! constant TefiPereture'



Preferably, domein size meaeurements cen be
automated with a Quantinet 72O InaEe Analyzer(IA). lhis technique can be áppfied tophotomicrog,raphs or used directly on potished
speclnens. The nagnification is s€l€cted to
elsufe that Lhe app¡rent size of the dorn¡tns is
sithin the resolution and frame slze li¡its of
Lh6 IA. Analog,ous to the m¡nual procedura, an
ol€ctronic nask ¡ras fltted to the iA to convert
tho actual ina6,e into ¿ serles of narro¡r band6.
For dlract fA analysas on specLnene, eltht
reprascntative arsas ¡¡l¡ich are free of voidg ánd
lrrge lsotroplc regions ars salectsd for
m¡sur€ü€nt.

Tsblo I shove the distrlbution of s€to€nt
lengths by the IA for I typical s¡úple. A
logacithnlc ba¡e haa been uaed- for the setnent
Ientth siz6 lntcrvels to equalize the nuaber of
segmnt lengths detected ln each lnterval. The
flrst cohmur liats the everate 

""6,r.r,t 
lentth(P1) in a slze intsrv¡l, end the sicona colur¡

glvea the nunber of se8nént lengths (n1) in
thst interval, tlre number average domeiri slze
celculated fron the distribution for this sanple
¡r¡a 1O.9 yn. In developlng this procedure, i t
¡,as found that for r¡oma seÍrples the numb€c
avacate Haa e poor neasure of donain slze because
of the large nunber of smal,l lentths. Ttrerefore,
a higher nomcnt ev€rat€ raa used. the
relatlonchip developed naa:

H.D.s. '  xnr3r l3
I n t  ( P t ) 2

fh¡ reighted averat€ donr¡in sLze (t¿.D.S. )ev¡lueted by the IA protram fron . the above
e:<presslon le 21.8 ¡n for the salpla in
Tsble I. The tlne required for the autorrsted fA
analysls ls 10-15 nln. p€r sarnple, after
cslibratlon of lhe IA.

Tebl. 1. Donain Slze Distcibution for a Typlcal.
Sarple

Ei-lrr¡n)
1 . 6
2 . 3
3 , 2
4 . 5
ó . 3
8 . ó

1 2  . 3
1 7  . 3
23.9
3 3  . 3
5t.2

fable 2. lleighted Average Domain Size ( r r . D . S . )
in l{esophase Derived fron Dlfferent
Precursors by IA on polished Specinens

Prgcuasor
Vacuun Besid
Ethylene Tar
Dinethylnaghthalene
[aphthalene
Decant Oil
Q.I .  Frea Coal  Tar p i tch
Aghl¡nd Petrol€uú pltch

I t .D .S.  ( ! ¡n )
10
30
6 0

170
190
190
200

sone co[lmrci¡l and rnodel pitch precursors, st¡ich
h¡d been heat treated to pcoduce 30_60A m€soph¡se
and thon arinesled at 4OO.C for 0.5 hours. Tl¡€t¡.D.S. varieg rith the nature of ths pracursor,
ranglng from 10 un for ühe resid lo 2oO yú
for the petcoleun pltch.

The neasurenent technique cEn be used !odetermine tha donrain size derived from carbonprocucgor blends. fable II I  pr€sents cesults formeeophase prepared fron blends of a petcoleun
resid ¡nd a ther¡rel tar. The resid pioduces aheterogeneous, relativety snsil_donain mlsoprrase,
rtlle the th€r.nal tar produces a large_donalnrmrophase. The blends Here heat Lceitec for6 hourg at 4O0.C end then ann€eled ag ¡OO.C focO.5 bours. ?he neesurements ¡.ere t[ad6 usinB th€IA rcthod on photonicrotraphs. As é:(pect€d, thet¡. D. S. incre¡¡es ¡rlth increasing 

".o,r.rt" 
ofth€rnal tar in tho blónd.

Table 3. Lteighted Average Hesophase
( l ¡ . 0 .S . )  f o r  Res id_The rme l

Oonein Slze
lar  Blends

by IA on Photoroiccogr.aphs

Vol .  a  Res id
100

7 3
5 3
2 2
0

! J . D . S ,  ( u n )

13
29
4 6

141
238

n l
23
92

203
4 1 9
ó09
ó86
580
350
283
102
L2

Conclusions

- 
A quantitative pcocedure haa b€€n d€veloped

for neasurlnt an average anlsotropic domaln sizefor nesophase pitch.r-er 
_ resopnese pitch. Ttre quantitatlve

deternln¡tion of nesophase dorn¡in' gLze c¡ñslue can
Provldé a very useful peranetcr forcheracterlzlng precuraor pltches and forexamlnlng nesophase lnteractlons in blends.Result3

lJe hav€ ueed our tneesureÍ¡ent Lechniques Lo
d€termine the average enleotropic don¡in size in
a variety of nesoghase pltch sysLens. Tro
exangles ar€ pras€nted ln this sectlon.

?onaln Size of üegop d fron Differ€nt
Precurgors

The nesoghase donain alz¿ ie usaful for
characterizir¡t carbon ras neteclals. A8 an
exsmple, table II includes typical v¡lues for

1 .
2 .

L .  S .  S in te r ,  U .
J. D. Brooks and
Phvsics of Carbon,
2 4 3  ( 1 9 6 8 ) .

References

S .  Pe¿en t  4 ,005 ,193 .
c. H. Teylor, Ch€lnlstrv end
! ,

3 , R. T. Lewis, Extend Abstracts for the l2tt¡
Blennial  Carbon Conferance,  1975, pg.  215.
S,  Chwast lak,  R.  T.  L€wis,  

""A 
J.  D.

hrg8iero,  carbon, Ul ,  357 (1981).

4 .


