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NMR Spin-Lattice Relaxation (T, ) Measurement on Carbon Materials

s .  B .  l i l den
tnlon carbide cor?oretion. Eleetrode systena Dlvision

Parna Technicel Center, 12900 Snor Road' Perms' Ohlo á4130' U.S.A.

Introduction

The cornplexity of typical carboneceous

systems (oi ls ,  tars,  p i tches) used in carbon and

traphl te rnanufacbur ing, L imlt th€

character izat ion tools avai lable to the research

and/or qual i ty  contro l  professlonal .  Bulk
physlcal measureroenta such as sofbenlnt point,

solven¿ lnsolubillty t6ata ' flesh polnt ' and
vlseoslty, are among thoee used to characterlze
th6re naterlels. llore recently, enPhasls haa

been plaeed on chenlcal characterizatlon n€thodg
(such e8 NllR, ESR, DSC, IR, and ltlt) rlth the toal
belng to provide norE detalled chenical

constitutional snd rheologicaL lnformation about
theee conrplex carbonaceous systeos. The Nl{R
tEchnlque ls  a part lcular ly  useful  tool  wt¡ ich
provldes direct quantitative inforn¡,ation on
percent arornaticity and other qualltative

const l tut lonal  inf  orn¿t ion.

The spin- IatL ice re laxat lon t ime (11)

néasure¡¡enL ls another easlly attainEble ¡ftlR
peran€ter that rney be used as a eherEcterization
tool useful in the study of cotrylicated
carbonaceoug system3. The proton T1
me¡aurer0ent is used to follo¡r End undératand the
ehemlstry . of heat treated carbonaceous
mater ia ls, r  How const i tut ionel  and rheological
gropertles and the quantlty of unpalred spins
lnf luence the spin- latL ice re lsxat lon t ine of
model  carbonaceous systems wi l l  be discussed in
this report, Because chenical and physical

"manipulations" of cerboneceous systens chante
the nagnitude end, therefore, the relative
inportance of thase factors which influence the
tl relexEtion tirne, the n¡easureoent of T1 can
be a useful nonitocing or charEcterizatlon
technique for the study of conrplex carbonaceous
syste¡¡s.

crEe¡sesle.L

An IBlt PC-20 (20 tlHz) u.rltispec NHR
instrument ¡ras used to measure the Proton T1
tines of both solid and ltquid carboneceous
systems using Lhe standard Pc-20 13 r¡m
solid/llquid probé. The tetnp€rature-dependent
T1 data ¡ras obtained by using the PC-20 7.5 tt¡u
var iable temperature probe.  A specia l ly
constcucted N¡{R tube eonsisting of a fused female
T L4l2O ground-glass jo int  wi th a companion male
T LAl20 ground-glass joint attached to a vacuum
valve ¡aas used to measure the T1 of santples
under vacuum.

Tr -Unoaired sgin Inteaact ior¡s

I t  is  wel l  known that  unpaired sPins
conbained in Lhe carbonaceous syst,em under study
can el ter  the T1 re laxat ion t ine.  UnPeired
spins usual ly  exist  in at l  carbonaceous systems
to some degree, either es trapped or adsorbed
molecular  oxyten tas or  as fcee-redicals.  The
effect  of  the unpaired spins ls  mani fested as a
decrease in the T1 from the T1 that would be
¡ma¡ured tf no unpaired spins rúere Pc€senb.
Hence, removing rnolecuLar oxyten by evacuaLlon
resulted ln a decrease in the measured T1 foc
all carbonaceous systems we studied. In order to
neanlngful ly  compare T1 data,  i t  is  necessary
to meaaure the T1 on sar¡¡ples in whlch ¡noleculer
oxyBen has been re¡¡oved.

For a part icular  carbonaceous system' the
T1 is inversely proport ional  to the unpaired
spin concentration in Lhe sanple as showri in
Fi ture 1.  The samples sere prepared by "spik lng"
and blending Lhe ¡¡elted sanple with the
free-radical  DPPH (diphenyl  p icry l  hydrazyi l ) ,
end then allowing the sanple to cool.
Fr€e-radicals were generated Ln the polypropylene
sanple by táñna l r radiat ion.¿ The s lope of  the
inverse T1 versus spin concentrat,ion curve can
be s igni f icant ly  d i f ferent  for  d i f ferent
carbonaceous systerna as demonstrated from Lhe
data of  Fi ture 1.  This d i f ference can be
rat lonal ized by considecing thaL Lhe ef fect  of
the unpaired spin on the carbonaceous systen is
also 6,overned by ( in sot ids)  a spin d i f fus ion
constant  and is  a funet ion of  the s ixth power of

Figure 1.  Reciprocal  T1 versus spin
concentrat ion of  HodeL sol id S]¡stens.
Data of  the Eight-Doped Propylene f rorn
Refereoce 2.
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Lhe distance beLereen Lhe unpaired spin and the
nearest proton layer surrounding the
free-radical .  ¿ These Parameters cen vary
considecably in d i f ferent  carbonaceous systens.

Const i tut ional  Ef fects in T1

The meagured T1 of a carboneceous systern
can also be related to the constitution of the
sol id.  tsble 1 contains the T1 values of  e
representative nunber of pure solid polyaromatic

conpounds, the T1 of a "synthetic pitch"
contelnint equel proportions of eitht of thése
co¡npounds is also g,iven. T¡ro teneral trends are
evident . The hydcoaronatic
1,2,6,7- . tetcehydropyrene has an abnormaLly shoct
T1, e trend we have observed to be generally
true for all the hydroaronstlc nsterials ¡rhich we
have studied.  t l i lson has reported s ln l lar
conclusions.3 Another t rend rh ich íe have
observed is  that  the T1 of  a mixture of  pure

compounds can heve á Tl, erhich is less than the
T1 of sny of the Puce comPounds fro¡n which iL

wÁs made. this fact- rney be rationElized by

consider int  crystal l ine ocdet '  vhich should be
Ier te ly d isrupLed by the 8ü¡Luel  "p last ic iz ing"
€ffect of the various conponents ln the mixture.
Therefore, motíon of individual nolecul'es in the

solld ere inereeeed relatlve to the Pure
crystal l ine mater ia l .

leble 1.  11 Value8 of  ver ious Sol id PAI¡ '8

Fi8ure 2, TeÍperatura Dependent T1 Behavior of
l{ode} carbonaceous Systens.

The data presenbed in Figure 2 demonstretés a
signi f icant  d i f ference (one to bwo orders of
nagni tude) in T1 for  see-mingly c losely re leted
na te r i a l s  ( i . e . ,  ¡ n i ne ra l  o i L  and  decane ) .
Clear ly these di f ferences ¡nust  be largely due to
molecular  mot ion,  bub i t  is  not  c léar why mot ion
of  a pure decane solvent  should be radieal ly
di f ferent  than in a r i in€ral  o i l .  h le have
postulated that  Lhis d i f ference can be explained
by the possib i l i ty  of  "coherent  concerLive"
mot ion in pure mater ie ls l ike decane. This
postulate assunes that molecular ¡notion tekes
plece by several  molecules in concert ,
effectively slo¡rint dosn the freguency of
¡nolecular  mot ion.  A nineral  o i l ,  beceuse of  Lhe
¡r¡ tual  p last ie iz ing tendencies due to i ts  many
componenbs,  exper iences re lat ively fast  not ion.

Conclusion

l¡le have shown Lhat Lhe T1 parameter is a
funct ion of  eonst i tut io¡¡a l ,  rheological
(mot ionel)  and unpeired spin concenLrat ion '
parametecs.  tJhich ef fect  wi l l .  dominate or  be
operat ive in def in ing the T1 value at  any Biven
meagureaent tenperature is, a priorl, almost
i ryossib le to predlct .  However,  iL has been
argued that systems containing large numbers
(greater  Lhan 1019 spins pec gram) of  unpaired
sp ins  ( r ad i ca l s ) ,  such  as  ce r t a i n  coa l  spec ies ,
wl l l  have a Tl  dorninated by Lhe f ree-radical
ef fect ,¿ ! , le bel ieve th is to be the case;  ¡ /e
also bel ieve that  Lhe T1 of  uncalc ined cokes is
contro l led by the fcee*radicals contained in Lhe
coke.  However,  for  mater ia ls wi th less severe
thermal  t reatnent  h istor ies,  such as oi ls ,  tars,
p i tehes,  etc. ,  i t  is  bel ieved that  the three
ef fects (const i tut ional ,  rheolot ical ,  and
unpaired spin) are inportant. In any case, tre
feel that Lhe T1 pararneter can be very useful
as a moni tor ing tool  srhen a part leular
carbonaceous system is under6,oing physicel or
chemical change. The T1 parameter mithL also
be useful  as a screening Lool .  to detect  t ross
lot- to- lot  d i f ferences in ran meter ia ls.
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Substence

chrysene
Dececyclene
Pyrene
P-quaterPhenyL
Acenaphthene
Truxene
AnLhracene
Phenanthrene
1, 2,  6,  7-TetrahydroPyrené
llixture - First Eithb CottrPounds

The RheoloRical  Ef fect  on Tr

As mentloned in the section above, molecular
mot ion can af fect  the T1 value.  Therefore,  i t
should not be suaprisint that Lhere can be a
Ierte dependence of T1 sith lenperature. In
Fiture 2 is showr¡ the Tl temPerature
dependeneias for several typés of carbonaceous
¡neterials for the temperature rante of -5 to
+ó0"c.  For a pure nater ia l  such as hexadecane, a
very sharp drop of T1 is experienced at the
meLt lng point  (18"c) .  the paraf f in wax sanple
shows a shacp increasa in T1 et the neltlng
p o i n t  ( 3 5 " C ) .

The tenpecature-dependent behavior of the
T1 for a coal tar pitch shows that dranatic
chentes in T1 can also be caused by a naterial
erper iencing a glass tcansi t ion (Tt  is
approxinately 6O"c for  Lhis coal  tar  p ibch).  For
the coal  tar  p i tch studied,  a deerease in T1 at
the glass t ransi t lon is  exper ienced. Other
carbonaceous mater ia ls sueh as mineral  o i l ,  I i tht
hydrocarbons,  and mesophase pi tch,  show l i t t l .e
T1-temperature dependence over the temperature
range studied.  The phase t ransi t ion LenPératures
for Lhese materials are far removed flgg the
tenperature rante studied,  therefore rn in imal
change in molecular  mot ion r . i th temPerature is
exper ienced.
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