
Introduction

Nobl-e metal catalysts supported on activated
carbons are used in several industrial chemlcal
processes. I lowever, these carbons are invariably
assoclated with míneral impurities ¡¿hi.ch may act ln
some cases as dissoclat ing centers for reactant
molecules andfor may act as catalyst poisons.
Further, act ivated carbons usually have a polymodal
distr ibution of pores whose dlameters vary from a
few angstroms to several thousand angstroms.
Depending upon the sizes of the reactant and product
molecules lnvolved ln catalyt ic reactlons, a part of
the area contained in smaller pores and, hence, the
catalyst contained ln such pores may not be access-
ible for the reactions. There is thus interest in
the production of rel-at ively pure carbons with de-
sired shape (configuration), porosity '  pore size
distr ibution and surface area. üle bel- ieve that such
carbons can be prepared by judiciously choosing ar.d/
or nodifying the experimental conditions and pro-
cedures outl ined by Hucke (1) for the preparation of
glassy carbons. The present study describes the
results of such an attempt.

Experfunental

The basic ingredlents for preparing glassy
carbons r¡ i th control led porcisi ty are: a carbon-
yielding blnder, a l iquid pore former, a dispersing
agent and a consolidating agent (1). The pore form-
íng l iquld helps escape of gases during pyrolysis
of the binder. The functlon of the dlspersing agent
is to produce a uniform dlstr ibution of the varíous
ingredients. The consolidating agent promotes
catal-yt ic polymertzation of the binder. In the
present study rúe have used furfuryl alcohol (FA) as
the binder, diet l tylene glycol (DEG) as the pore
former, Tri ton X-100 ( iso-octyl phenoxy polyethoxy
ethanol) as the dispersing agent and p-toluene sul-
fonic acid (PTSA) as the consolidating agent. I¡ le
have also used polyethylene g1yco1 (PEG) both as a
pore former and as a dispersing agent.

The following procedure r^ras used to prepare
carbons, The consolidating agent was added to the
mixture of the dispersing agent and pore fdrmer at
about  75-95 'C.  A f te r  coo l ing  the  resu l tan t  so lu t lon
to about 15oC, the binder rtas added ln srnal l  amounts
with constant st irr íng; the temperature during the
addit ion was kept between 2O and 25"C. The mix was
then al lowed to polymeríze ax 20-25"C for 2.5 hr,
after which i t  was put into rnolds (g1ass tubing, 6mm
o.D.  and 25cm long) .  For  thermal  se t t ing '  the
fol lowing cycle was general ly used: 24 hr ín
cool ing r^rater at 15-20oC, 24 hr at room temperature
(20-25"C) ,  24  hr  a t  45oC,  2  days  a t  70"C (a f te r  12
hr at 70"C, samples were removed from the molds) and
3 days  a t  95oC.  The po ly rner ized  sample  t rod t  was
cut into pel lets of about 2cm in length. The
pellets were then pyrolyzed in a N" f low using the
fo l low ing  heat ing  cyc le :  100-300"C a t  4 "Cfhr ,
300-325'C ax 2"C/hr, 325-425"C at 5-6"C/hr and 425-

700oC at l0'C/nin. Soak tfune at 700"C was 2 hr.
Two samples were further heated in an Ar flow to
dif ferent temperaturesr uP to a maximum of 1500"C,
using a heating rate of 10oC/min. Soak t l¡re at each
selected maximum heat treatment temperature (HTT)

was 2 hr.

Surface areas of carbons \üere determined from
N, adsorption at 77"K using the BET equation and
fíom CO" adsorption at 298"K uslng the Polanyi-
Dubinin'equation. Pel let density lúas determined by
mercury displacernent. Pore size distr ibution was
determined from mercury poroslmetry data obtalned up
to a maximum pressure of 30'000 Ps1. For a given

carbon, the cumulative volume of mercury intrusion
(up to 30,000 Psi) has been referred to as i ts
pore volume in the text.

Results and Discussion

Recipes for the productlon of sarnples are glven

in Table 1. Surface areas' pel let densit les and pore

volumes of various carbons heat treated at 700oC
are given in Table 2. The volumes of mercury in-
trusion into pores as a function of pressure for
dif ferent samples are plotted 1n Figure 1. Pore
dlameters correspondlng to maxima ln pore sJ,ze
distr ibution curves are referred to as D-- ln the
text and are l isted in Table 2. For eacH sample'
the C0. area is signif icantly higher than the N,

"t"".  

tThi" 
indicates the presence of micropore6 fn

which adsorption of N, at 77"K is restr icted due to
actlvated dif fuslon. 

-For 
various samples, pore

vo lumes vary  f rom 0 .022 to  0 .493 cmr /gr^Pe l le t
densit ies vary from 0.840 to 1.375 g/c¡rr and D-
values vary from < 60 to 50,000A. 

m

Samples I and 2 dif fer rnarkedly ín their prop-

ert ies, part icularly N, areasr pore volumes and D
values. The two sanplés dif fár only 1n the propo?-
t ion of the dispersing agent in the start ing mix
used for their preparation. Thusr by varying the
proport ion of the disperslng agent in the start ing
mix i t  should be possible to prepare carbons lr i th
d l f fe ren t  p roper tLes .

Four addit ional carbon samples were prepared
from the same start ing mix as ! ' tas used for preparing

sample 3, but the heat treatment condit ions between
the polymerízatío¡ and carbonízatlon steps r^tere
different in each case. I t  was found that l t i th the
exception of N, areas, $hermal hlstory used has some
ef fecE on o the i  p roper t ies  s tud ied .

The results obtained with samples 5 and 6 are
very sígnif icant. For preparing sample 5, PEG is
used both as a pore forrner and as a dispersi-ng
agent. I f  lnstead of PEG, a 1:1 rnl-xture of PEG and
Triton X-100 is used, marked changes in propert ies
of the carbon produced (sample 6) are observed.
For instance, D- values for samples 5 and 6 are
50,000 and 210AT respec t ive ly .  These resu l ts
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384
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; rggest  Ehat by vary ing the proport ion of  pEG and
:r i ton X-100 in the star t ing mix i t  should be
:ossi-b le to prepare carbons having D_ values over
:  w ide  range  o f  po re  d i ameEers .  

r u

I t  is  wel l  known that  the structure of  porous
:arbons can be rnodi f ied by sui table heat  creatment.
I f f ec t  o f  HTT  i n  t he  700 -1500 .C  range  on  t he  p rop_
¿rEies of  samples 3 and 4 is  shor+n in Table 3.
?cre volumes and D_ values (not  shown) are essent_
:a11y independent 3f  uTt .  pel1et  densi t ies show
some var iat ion upon heat ing.  Both the N. and CO^
areas decrease sharply above 1000"C. pof  Urr  , ,  l4OO"Co
:he N, and CO, areas are about the same.

In  conc lus i on ,  r esu l t s  o f  t he  p resenE
- i a t i on  s t r ong l y  sugges t  t he  poss ib i t i t y  o t
ing glassy carbons ü7i th desired porosi ty,
: iscr ibut lon and surface area as catalysr

"- 0.3

:

i  " ¿

a

Refe rences

1 .  H u c k e ,  E .  E . ,
L97 5.

investl-
prepar- o l

pore  s ize
suppor ts .

0 . 0

57 cm- DEG
5 7
25
1 5

lOO PEG
5 0

TABLE 2

Sanple 3

Sanple 4

P r c s s u r c ,  p s i

Distr ibutions in Carbon

U . S .  P a t e n t  3 , 8 5 9 , 4 2 I ,  J a n .  7 ,
F igure  1 .  pore  S ize

pe l le ts
TABLE 1

RECIPES FOR PRODUCTION OF SA.MPLES

DEG/PEGSample FA

1 100 cm3
2 100
3 100
4 100
s 100
6 100

sarnple co2 N2

L l t2  442
2 9 3 2 3 9
3 830 420
4 78L 454
5 8s6 520
6 872 470

Triton X-100 PTSA

50  cm-  11 .3  g
1 0 0  1 1 . 3

7 5  1 1 . 3
8 5  1 1 . 3
s 1 7

50  17

PROPERTIES OF CARBONS

1

Surface area, rn' /g pel let dens i t y

(g / . t 3 )

1 . 1 1 4
L . 3 7  5
1 . 1 8 5
L .L25
0 .  840
1 .  091

TABLE 3
EFFECT OF HEAT TREATMENT ON PROPERTIES OF CARBONS

sur face  area ,  m2/g
coz N2

D* Pore Volume

(4¡ ("r '/g)
1 0 8  0 . 1 7 3
<60  0 .022
103  0 .159
103  0 .181

5 0 , 0 0 0  0 . 4 9 3
210 0.221

HTT,  OC

700
900

1000
1100
1300
1400
1500

700
900

1100
1300
1500

Pe1let Density

(e /cm-)

1 . 1 8 5
1 . L 9 2

T . 2 L 7
I . 2 I I

I . 2 0 6

I . I 2 5
r . 1 7 8
1 . 1 8 3
1 .  1 7 1
1 . 1 5 4

Pore Volume
,  J ,  ,( c m  / g )

0 i159
0 . 1 6 2

0 . 1 6 1
0 .  1 6 4

0 . 1 6 3

0 .  1 8 1
0 .  1 8 1
o . r 7 9
0 . 1 8 0
0.  r80

830
994
972
513
154

72
52

781
846
3 7 7
156

7 2

3 8 3


