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Fabrication of multifunctional carbon materials

by Pulse Electric Current Sintering

Tohru NOBUKI, Minoru HATATE and Hideki KYOGOKU

Synopsis
We have used chipped the Pine or Hinoki cypress woods as the initial carbon materials which have thinned
the forests at Kamo region in Hiroshima prefecture. After rapid degradation of woody biomass carbon
materials from the woody chips, were performed by Pulse Electric Current Sintering (SPS) method with a
short period, and without adding binders and additives at various SPS heat treating temperature.
In order to clear the correlation between SPS heat treating temperature and woody biomass estimated from
the X-ray diffraction analysis, SEM observation, hardness and compressive testing. Obtained SPS heat
treated materials at above 1073K and pressure of 30 MPa from woody biomass, show the bulk cylindrical
compacts with amorphous structures. According to the increasing of SPS heat treating temperature, the
hardness of surface of SPS bulk increased and the compressive strength increased, and also the porosity of
the bulk decreased. In case of the applied pure carbon materials for SPS method, the bulk forms did not
obtained even if the SPS heat treating temperature heat up to 1773K and 30MPa.
By using of SPS operating at 1273K prepared from woody biomass of pine chips, the cylindrical bulk shows
83 Shore hardness and 55 MPa in compressive strength, these values were the highest observed in this
study.
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Table 1  Specifications of initial powders used in this study.
Sample name | Material name . . Heat treating
. ) ) Particle size temperature for
Material (Binomial name) o
pyrolyzates (°C)
P-S-550 <100 pm (S) 550
P-L-550 >100 pm (L) 550
P-L-900 Pinus densifiora | > 100 pm (L) 900
550
P-L-550-p > 100 pm (L) (partially heat treated)
cs-s50 | Chamaecypars | 100,m (s) 550
obtusa
P-1-550 P-1-900

P-5-550

P-L-550-p

Figure 1

P-5-550

Jopm,

Figure 2 SEM photos of initial powders.
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Figure 3 X-ray diffraction (XRD) patterns of initial powders.
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Figure 4 General view of SPS apparatus and graphite dies.
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Figure 5 SPS heat treating diagram for operating at 1273K.
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Figure 6 SPS conditions of several heat treating temperature.
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Figure 7 Macro-photographs of top and side view of cylindrical bulk obtained by several SPS heat treating conditions.
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Figure 8 SEM photographs of cylindrical bulk obtained by several SPS heat treating conditions.
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Figure 9 XRD patterns of cylindrical bulk obtained
by several SPS heat treating conditions.
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Figure 10 Macro-photographs of SPS heat treated samples
obtained from pure carbon.
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Figure 11 XRD patterns of SPS heat treated samples obtained

from pure carbon and ball milled pure carbon.

nENK 10, 11127

KV, Wi —ARUEFEE LTSS, AN
TIE XRD HIE L 0 BB e — 27 BB TR0, B
KX HEHroF — 4% ICDD #41-1487C—#+ 5 v —7
NELNTHNDEOD, R—L I VLB AT 572 6 DI,
[ — 27 2AHIR LTS A —R v & LTV 50
LEEEDT BN T 7 A —R o OfiEL 7poTNH L
Wond. LL, #ih—RrBLOR—LIU 7L



PLEORS: T o 58 sy No.49

T —R o DELLE L SPS AL EZIT->TH, K10
O~z vFEHENS LWL K I, AFERORRES
HZEIFITET, XA ALY HLGEITITAEL
72 2B, i — R ATHONTIL, /A A —R D SPS
R L0 b S BIZEW 17783K & LAk VT
HEBIIRE S DITIEE S 72 h - 72, SPS 4LHL% D XRD
HENSBHALNR L ST, fih—A 2 TIXFHT= D
FEHUITE S 720 ) P/B(Peak to Background) bhid ]
LisstEnm b Lt &2 b, SoIZEey—713,
AR S ODIE L RIS, KAERA~T 7 N5 &
5. = TR=AIN LTI TEBNZTENLT
7 AN —R DAL, SPS BRI IV T b ik dE
NEETHZ LR, TEAL T 7 AOWEDOEETH D
bbb,

PLEDOFER NS, =Pk ) FICRKT D3, 4 H—
RrzFElE LTHWEEATE, SPS ALEC X v jEfE 7
R AT HEMESAENE LN DIE0 D T, RS
RS LIBERIR L 72 B Z LoD . 2D Z &,
BHSG MRBRLTWB LIS, FETIC M &
LTEENDIRG R EDREEIZHE L L TWDOTIERWN
MEBEIND.

3.2 SPS BIRAD IS

SPS WL 24T - - kb O R E IOV T, IS
S L LT mRMICIThh Wb Y g Tl EEHS) % H
WCHIEZETT 72, 3 a THERBRIL, BEREOMRE R
DEYWIL, =AU —H#ICTHIBERANZICLD2BEE T
AT o BRI 7 S AHIE Lz, ZORIEED Y %
VaTHEMHS)E LK 12 ([CHEREEE L. ZOME
D—15 % 3B P-S-550 12U T BEMEE LR & & HICK
1313928, BURHMEHS & R & CIIm I E TN
TROPTRHEBHMEIERE L 2o TS, BB R Z
Ml —AR & LIGAIic Wi, mificRrLzL oz
BERRAR 2155 2 & DSNEET B o 7= 72 O T 1 13 H ik 22
MoT.

FER L v, SPS ALFREEN I DHIC L= o THERL
RITERE 29 2 Evbnd. £, SPSALHIRE %2
1273K & L= 6 D1, JFES P-S-550 D b D TR KED
83.3HS AR L THY, —OMp7x e LTmb
NTWBHEDITHRTHOD TRWERS LN TND Z &
Bbond. Zhux, BHOoEMEa—7 2)EHWT
2073K(1800°C) T SPS AL#E L 7245 5P 59HS & k& <
FES>TWS. Thbb, BNREITST A 4 —R
V& SPSBERT B = LI ko THBITORMS & LT
TFELTWEK, CaeMg iy & W oTRy3mE &
s Lizl=h & &8s ni-.

X 1412, T/A¥ATFAEC L DB LIZZALROM
EREFACDOWTR LTz, BRBAFHMIIZ BV CTHID —R
DOHFHE T 2.26g/cm3(2.26Mg/m?) & L7-.

ZORERE, WThoRE E iz, SPS WFRE D k

20

100
BaTIK
0 1073
80 | O 1273K
& 2
T &0
@
w
°
=
g 40
T
20
o 4 L )
P-5-550 P-L-550 P-L-200 C-L-550
Material

Figure 12 Hardness test results of cross sectional area in
cylindrical SPS bulk specimen for several samples.
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Figure 13 Optical microscope (OM) image and SEM images of
cross sectional area in polished SPS bulk specimen.
(sample: P-S-550, SPS treating temperature:1073K)
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Figure 14 Results of analyzed porosity of SPS heat treated
cylindrical bulk specimens for several SPS heat
treating temperature.
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Figure 15 Relation between compressive stress and strain curves
of SPS heat treated cylindrical bulk specimens for
several SPS heat treating temperature.

Table 2 Influence of raw carbon materials and SPS heat
treating temperature to SPS compacts.

Material
P-S-550 | P-L-550 |P-L-550-p | P-L-900 | C-S-550 | Carbon g;mg,
S| e X X X X x x
§ 873 o o X X X X X
5 1073 © © X o o] X X
% 1273 ] @ X ] @ x X
% 1473 - - - x x
2| 1773 - - - - - x x

Symbol e:excellent, ©:good, x:failure
Note:"x” means the SPS fabrication was collapsed and no data can be collected.

Figure 16 Relation between integral power consumption and
initial powders for several SPS heat treating
conditions.
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