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Preparation of mesocarbon microbeads
from coal tar
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Mesocarbon microbeads (MCMB) was prepared from coal tars with various primary
pyridine insoluble fraction (Pl) contents from 0 to 3.7 wt %, through heat treatment at
430-480°C for different time under autoginious pressure. The heat treated coal tars were
filtered under 150 °C and the residue was rinsed with pyridine. MCMB was obtained as the
pyridine insoluble fraction. Both yield and diameter of MCMB increased with the increasing
of reaction temperature and holding time. It was found that primary Pl also had strong
influence on the formation of MCMB, which restricting coalescence between mesophase
spheres by sticking on the surface of mesophase spheres or dispersing in the matrix. Low
temperature, short reaction time and high Pl content resulted in the MCMB with small
diameter and narrow size distribution. Carbon block with 1.75 g/cm? density could be easily
obtained from the MCMB after molded under 100 MPa and carbonized at 1000°C. © 7999
Kluwer Academic Publishers

1. Introduction als would remain in the MCMB, which may be harmful

It is well known that aromatic hydrocarbons, such asto some kind of usage like electrode for battery. The pri-
coaltar, heavy oil residue and pitch can gradually transmary Pl particles in coal tar was reported to disperse
form into mesophase during liquid phase carbonizain coal tar evenly and consist of carbon black-like sub-
tion [1]. Mesophase pitch has been used to preparstances [16]. The influence of primary Pl upon the de-
high performance pitch based carbon fiber for manyelopment of mesophase, particularly with reference to
years [2, 3]. However, before bulk mesophase formsthe nucleation, growth and coalescence of mesophase,
the mesophase exists as a large number of mesophalsas been previously reported [17—22]. According to the
spheres. Such spheres, after separated from matrix, aresults of Brooks’ [17] and Marsh’s [18], primary PI
generally called mesocarbon microbeads [4, 5], whicHor QI) affects the development of the mesophase in
have been expected to be an excellent candidate raw mewo ways. Initially, it acts as nucleation sites, and later
terial for high density carbon [6], column packing ma- restricts the growth and coalescence of mesophase. Ya-
terial [7], super active carbon [8] and electrode materiaimada [4] and Tillmanns [19], on the other hand, con-
of lithium ion rechargeable battery [9]. Several meth-cluded that addition of extracted primary Pl acceler-
ods have been established and industrial scale produeted the formation of mesophase. Staddlehofer [20] and
tion has also been started for some years [10, 11, 12Jiwigg [22], however, believed that additions of up to
But the MCMB derived from emulsion and suspension10wt % primary quinoline insoluble fraction (QI) do
methods needs to be stabilized before carbonizatiomot affect the rate of mesophase formation. Marsh has
Superior to it, the MCMB prepared by heat treatmentstudied the structure and behavior of QI [20], also sug-
shows the character of insoluble and infusible, excepgesting that the primary acts to restrict mesophase to co-
low yield and wide diameter distribution. The key factor alesce, where the derived mesophase spheres extracted
to get MCMB with high yield and narrow size distribu- from heattreated pitch distorted from extraction. There-
tion is to prevent mesophase spheres from coalescinigre, the present study aims to seek a method by which
during heattreatment. Carbon black was reported to be ICMB can be obtained with high yield and narrow
good additive to control the polymerization reaction andsize distribution as well as easy separation.

the diameter of MCMB [13], butitis difficultto disperse

the carbon black thoroughly into raw materials. Some

organic metal substances, such as phthalocyanine, fe2- Experimental

rocene were also found to be beneficial to increase th2.1. Raw material

yields of MCMB and to have effects preventing coales-A coal tar (CT0) with 3.7wt% Pl was used as the
cence between mesophase spheres[14, 15], but the megw material, and some properties of the coal tar and the
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primary Pl are listed in Table I. CTO was also filtered at
150°C, to remove Pl and get a Pl-free coal tar (CT1).
Coal tars with different Pl contents (0.3—-1.85 wt %) was
prepared by mixing CTO and CT1 in various propor-
tion.

2.2. Preparation of MCMB

The coal tars were heat treated firstly at 2680in an
autoclave under Nblowing to remove volatile frac-
tions, and then carbonized at 435—-480for 0.5-4.5 h
under autogenous pressure. The products were filtered
at 150°C, and the residues were extracted in Sohlet
extraction using pyridine. After dried at 5@ under

Figure 1 The yield of MCMB separated from CTO and CT1 heat treated VACUUM, MCMB was obtained as the pyridine insolu-
at 450°C for different time.

ble fraction.
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Figure 2 The optical texture of heat treated coal tars and SEM micrographs of MCMB derived from CTO(a—d) and CT1(e) carboniz&d fir450
different time. a: 1 h, b: 2 h, c: 3 h, d: 4.5 h, e: 2 Bofntinued
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Figure 2 (Continued.

30 blocks were obtained by carbonization of green solids
at 500-1000C for 30 min. The heating program was
51 1.0°C/min below 600C, and 10 C/min above 600C.
~ 20
%15 i 3. Results
& 3.1. The influence of reaction time on the
=10 | MCMB

Fig. 1 shows the relationship between the yield of
MCMB and reaction time at 45CC. The yield of
MCMB increases from 5 to 20wt % as holding time
prolongs from 0.5 to 4.5 h. MCMB could not be ob-
tained from CT1 under the same conditions due to seri-
ous coalescence. Fig. 2a—d shows the optical and SEM
Figure 3 Yield of MCMB from CTO carbonized at various temperatures Micrographs of the MCMB from CTO. A lot of fine
for2h. particles, probably being the primary PI, are observed
adhering tothe surface of MCMB. The optical texture of
the pitch prepared from CT1is alsoillustrated in Fig. 2e.
2.3. Observation of MCMB It can be observed that the MCMB from CTO became
The mesophase spheres in heat treated coal tars weggge after long reaction time. However some irregular
observed under a polarized optical microscope (Leitzpheres appeared after soaking for 4.5 h due to partial
Vario Orthomat) after polishing. The MCMB was also coalescence between spheres as showed in Fig. 2d.
bserved under a scanning electron microscope (SEM)
(Hitachi H-600).

430 440 450 460 470 480 490
temperature ('C)

3.2. Influence of reaction temperature on
MCMB
2.4. Preparation of carbon block Fig. 3 gives the relationship between the yield of the
The MCMB derived from CTO carbonized at480for MCMB derived from CTO and reaction temperature,
3 hours was molded under pressure of 100 MPa. Carbowhere the reaction time is 3 h. The yield of MCMB
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Figure 4 The optical texture of heat treated coal tars and SEM micrographs of MCMB derived from CTO carbonized at different temperatures for
3 h.a:440C, b: 460°C, c: 480°C.
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Figure 5 The yield of MCMB from different Pl content coal tars carbonized at 45®or h.
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Figure 6 The optical texture of heat treated coal tars and SEM micrographs of MCMB derived from different primary PI content coal tars carbonized
at 450°C for 2 h. a: 1.85%, b: 0.61%, c: 0.38%.
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also increases with the rising of reaction temperature3.4. The diameter distribution of MCMB

reaching 24.5wt % at 48(. It indicates that reaction Fig. 7 shows the diameter distributions of the MCMB

temperature has much more influence on the yield oprepared under various conditions. The coal tars with

MCMB than holding time does. It may be due to that1.23-3.7 wt % primary Pl generated very narrow size

the small molecule components such as benzene soldistribution of MCMB, ranging between 5-20.

ble fraction (BS), which is stable at low temperature,However, as primary Pl contents further decreases to

probably takes part in the reaction at high temperatured.61-0.38 wt %, the diameter distribution become quite

Fig. 4 shows the optical texture of heat treated coal targvide varying from 10—6% and 20—14Q, respectively.

and SEM micrographs of separated MCMB preparedViICMB larger than 10Qu appeared from the coal tar

from CTO under various reaction temperatures. As anwith primary Pl of 0.38 wt %.

ticipated, the diameter of MCMB becomes large at high The reaction time for CTO at 45C are also found

temperatures. Also a lot of small particles adhere to theery influential on the diameter distribution. Below 3 h,

surface of the MCMB. the diameters distributes in the range of 5+30The

diameter range of MCMB extends to 5—a0vhen the
holding time is 4.5 h.

3.3. Influence of primary Pl content on In comparison to reaction time and primary PI, the
MCMB reaction temperature has weaker influence on the diam-

Fig. 5 reveals the relationship between the yield ofeter distribution of MCMB, although the diameters of

MCMB and primary Pl content of coal tars. The MCMB also become large at high temperature. The di-

yield of MCMB decreases sharply with the increasingameters distributed in the range of 5-10, 10-30, 1040,

of primary PI contents from 0.38 to 1.23wt%, and 20-50 and 20-5@., respectively, for the temperatures

becomes very stable with further high primary PI con-of 440, 450, 460, 470, 48.

tents up to 3.7%. Fig. 6 illustrates the optical texture of The relationships between average diameter and pri-

mesophase spheres existing in pitch SEM micrographmsary PI contents, holding times and reaction temper-

of MCMB prepared from coal tars with various primary atures are illustrated in Figs 8-10, respectively. It can

PI contents. The diameter of MCMB decreases withalso be seen that the average diameter of MCMB is sen-

increasing of primary Pl content. MCMB with a rather sitive to the reaction conditions as well as primary Pl

low yield of 2wt % was also obtained from CT1 under contents.

a high reaction temperature of 480, short time of

5 min and a high quench rate of 200/min to room

temperature. The optical texture of the pitch and the3.5. Carbon block from the MCMB

corresponding SEM micrographs of MCMB were Fig. 11 shows the relationship between the bulk density

shown in Fig. 6d. It can be observed that the surface obf carbon blocks and the carbonization temperature.

this MCMB is very smooth. The bulk density of the carbon block that made from the

e 71<10

10-20

: | E20-50
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Figure 7 The diameter distribution of MCMRB(). Conditions: a: CTO, 440C, 3 h; b: CTO0, 450C, 3 h; c: CTO, 460C, 3 h; d: CTO, 470C,
3 h;e:CTO0,480C, 3 h; f: CTO, 450C, 1 h; g: CTO, 450C, 2 h; h: CTO, 450C, 4.5 h; i: 1.85%PI, 450C, 2 h; j: 1.23%PI, 450C, 1 h; k: 0.61%PI,
1h;1: 0.38%PI.
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Figure 8 The influence of primary PI content on the average diameter holding time (hr)

of MCMB. Carbonization condition: 450C, 2 h.

Figure 10 The influence of holding time on the average size of MCMB

30 derived from CTO carbonized at 45G.

25 | it owns very high surface energy, making the spheres
- have strong tendency of coalescence. The primary Pl
5200 particles adsorbed on the surface of the spheres dis-
T charge the surplus surface energy effectively to pre-
= L vent the spheres from coalescing. Meanwhile the pri-
= 0| mary Pl particles sticking on the surface of MCMB also
g limited the adsorption of small molecular components

onto the aromatic layers of MCMB, thus, depressing the
griwth of mesophase spheres, resulting in the MCMB
0 \ \ \ s with small diameter. No clear evidence in present study

430 440 450 460 470 480 490 shows that primary Pl acted as nucleation sites as re-
ported before [17,18].

The MCMB with a rather low yield was obtained

Figure 9 The influence of temperature on the average diameter offrom CT1 when it was carbonized at high temperature
MCMB from CTO carbonized for 3 h. for short time with very rapidly quenching. Neverthe-

. , less, there were still some coalescence due to absence
MCMB derivedfrom CTO polymerizedat48€for3h ¢ fing p| particles, which again proved the importance
increases from 1.25 g/ctfor greenblockto 1.65g/cin primary PI particles.
for carbonized solid at 100@. While the dgnsﬂy ofthe Reaction temperature and holding time are certainly
carbon block made from t?e MCMB derlved}{rom the jnfiuential on the yield as well as the diameter of
coal tar with Pl of 1.85wt% reaches 1.75 g afte%r MCMB. High reaction temperature and long holding
carbonization of 100€C, and Increases to 1.92.9/€m {ime are beneficial to generation of mesophase spheres,
after heat treatment of 250C. The optical textures of

. and to the spheres adsorbing more small aromatic
the former green and the 1000 carbonized blocks 1 gjecyles, resulting in high yield and large diameter
are shown in Fig. 12. Obvious volume shrinkage cal

be ob d af bonizati K ¢ f MCMB. However, excessive high temperature and
e observed after carbonization. No crack was forme ng holding time makes spheres coalesce, destroys the

on the carbonized solid although the MCMB was nott, 1y, of spheres, and thus reduces the yield of MCMB.
stabilized through oxidization before carbonization. MCMB was obtained with a yield as high as 25 wt %
from CTO after heattreatment at 48D for 3 h. Itmeans
that the cost of MCMB can be reduced in compari-
4. Discussion son with emulsion method through which the MCMB
The present study reveals that the yield, diameter aderived needs to be stabilized before successive car-
well as the diameter distribution of MCMB can be con- bonization process.
trolled by adjusting the PI content in coal tar and reac- Carbon block with bulk density of 1.75 g/érnan be
tion conditions. The primary Pl plays a very important easily obtained from the present MCMB after molded
role in the preparation of MCMB. No MCMB but do- under 100 MPa and carbonized at 1000 The self-
main mesophase was obtained from CT1 carbonized &intering property was excellent for the MCMB since
450°C for 3 h due to the serious coalescence, whileno crack was found on the carbon blocks.
MCMB could be easily obtained from coal tars with At present, the remained problem is the relative low
primary Pl contents of 0.38-3.7 wt%. These indicateyield for MCMB with small diameter that is strongly
that the primary PI particles existing in the coal tar re-demanded by electrode industries and high density car-
stricted the coalescence between mesophase spherbsn. It is possible to select the reaction conditions and
The reason maybe as following, which was suggestegrimary PI content in the view to control the yield and
previously [21]. As a new phase of mesophase appeardjameter of MCMB. The yield of MCMB increases at

reaction temperature/°C
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high reaction temperature, since more active sites will
appear at high temperature to generate more sphereg,
while adding more primary PI particles or enhancing15-
quench rate can restrict coalescence of spheres. Ney-
ertheless, to get MCMB with higher yield and control- =
lable diameter distribution is still a major work for its 17,
wide application as excellent candidate for advanced
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