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Temperature Distribution During Plasma Activated Sintering
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Abstract: The temperature distribution of the sample-die system during plasma activated sinte-
ring (PAS) process was investigated theoretically and experimentally. For the experimental
measurements, the electrical conductive graphite and non-conductive alumina samples were used.
The results show that a radial temperature gradient exists in both the graphite-die and alumina-
die systems, and that the temperature in the sample gets higher than that in the die in the temper-
ature range of 200-800 C. Moreover, at the same temperature, the temperature gradient in the
graphite-die system is larger than that in the alumina-die system. With increasing distance be-
tween measuring point and sample center, the radial temperature differences in both the systems
increase following a parabolic trend, which agrees with the theoretical analysis. And the radial
temperature difference exhibits a parabolic increase tendency with increasing temperature,

Keywords: plasma activated sintering; temperature distribution; temperature gradient

SR TR ALRRES (PAS) AT AF R R R A — (KU, PAS SR B L B X A7 SR HL RIS AL Y
M PG 2 MR BOR . SRS PR RERE RRE AR T R B TR B PGECR AT R
TS Be 4 H AR A H, PAS HA V240 8. PAS AR N AR , DATTAS R4 b 46 J T be 25 st 1] GE
TEBEAS IR By BOM AT BTk o B IS A BORE AL 2R 0 FE R0 N SE B R BCR AL » R ] T PR I
SRR IR A B TR R A R A TR A T BORIAY RIS R R, PAS HR H B B 2 RE A
RIS I, A B TR R A A A RE f be 2l B L R IBE G W e R S AR A b

ks H . 2010-04-21.  FEEA: FEAQ9I80—), B W+ T E R IO B #z . M AE5m. EeTH. R
H SRR R G B (50972117).
[ 28 14 BRI TE] . 2010-10-22 &% R AL . http: // www. enki. net/kems/detail/61-1069_t. 20101022, 1521. 000. html



55 130

FRALAS S 55 - 88 T I A beah i R iR TR BE 40 AR B 5T 123

RFT AT MR A AR R T R 2 A
k.

TN B 3 PR A T I TR AR A O R L 7
PAS i #& rp M EL PR 25 bR R 2 5 7 A TR
B EE S IS B0 A5 00 b HE ZHSURN ) 2 PR fg 1
PUANE S , TRt 465 1 28 o B T S 4 il B 25 401
AP ok T RME. PR, A9 PAS 2 8 s 2
FEURZR 9 (R 20 A7 - LA 1o R BL 24 F TR
= RN

AR 3 B EL P ) SR RN 4 R T 1) R AR AR R R
DN it o 38 A I R R O R S AR RE R[]
I Z B AR 25 F 98 T iR L A i iR R
AT I A I 4 A S G i o AT ) A A AR
MR PAS Firdbi e s s rp RS LS pe g ad 7
T ) T 2R AN gebe 4l iRk S B ML A T $ At T
(R Y=

1 YR S5

520K H AR Elenix 24 &1 19 Ed-PAS I #Y1%
BRI F N 5 kA, e RINMFGHE FE R 2 000
C/min, L TAEFEBRAOAE 1 Fros. 5% W AY i i 45
B hest (SPS) WA ANA], PAS Fili 55 25 1K1
fo. e, HBH Ay — 1A, — MG 455 B Ik o e
JEIR AR BRI B HL BE I F B Be. 7E ko i R 3 Ak
W B, 38 2o X A R it ok o e . PR AR P AR ] 5
2% W PN IR R s v R 5 T L3R B A TR 2 T
(19 H Y. e RS 00 L BRI Be o L L4 i 215 L
g1 ST L N T VST Ol o | 2 A R [ B B U R I R )
TR ST ST Bbe 2 R P B k. i
PRat i AR A R IR TE i H B A B B 5 i
WM 2 AT AR A T A [ 30 R AR BE | AN [
A7 5 1A O 22 ] L 22

10— 32

-

. PIES
A LIS
e i S i
T T | ®& Rt m| | =
e =
CY 2l | 4|2
By

s

B 1 PASE# TR ER

K HL M 28 (ISO-63) Fla 2 v i 4 Ak 4s
(PAS fii 55 45 R HeAE g il 4 s ROST 39 2R
@20 mm X5 mm, R H IR H- R SRR A R dn &
2 iR Hedr 1R Sk R EE YR 25 mm. 10N
JE 3k 5 a2 A T A PR, ZEAE o B R T A R —
JEJEJE 0. 2 mm (KA SR 48, MK ITEA R Jo e if e
ANPEE L= 1A b I T A O BRI T 40 B
3 mm. RN 10 mm AFL . FL AT 38 1E 47 T ik
AL E CILE 2 i) 0 s o 3% L 0 i i A
HRCE L K (K B R =2 'O, Bl G AEAR
BE T 1 g 8 A4 H O X BR T8 1) P9I T4 '3 mm,
B ASLRE AN LT 3 mm PRAGFL (& 2 i D, T
TR FE R A A K, CRIUE] K. EAAR R 2
TR 43 A DA s AR ARAR R IARE  H— 8] 2 R
A PAS B 45 b gF 47 2, F 3 A IR EER
120 'C/min, JE #1810 MPa, B%5 % f124 8 Pa. 435
05 K, BYIREEIAE] 200,300 CRLE 800 CHT K,
IR EE  FEOREF 2 FilE AR ARV LR BRE |1
LN T = A RESN R T 6 mm,9 mm I 10 mm
Ak, I BB A L AR A .

@40 mm
@20 mm
I B V=V S
B
//
8| b fEL o 1| #hfE2
E | SE—
<
] e
RS

P2 e AR - - TSk R R R R

2 iR

2.1 PAS ERERYIRE

HE Wang F1 Fu 58 AU (434 AL AL -
vits 2L S F R 2% S Jl 0 R 8 A PR A , EA2 1) A l o)_E
PR 1B B RE AN T 220, R R R B A L o Y i
AR X R e o AT B AR A B R
T (ry xy 0 2 r FORBEE OIS 2 FOREE
PR 2 P KO T BE S ¢ SR ). X TRtk A e
O S 2= 0, FEIS ] —5E B Z0F T L R N A A28 [6] i
P AR
AT, = Dy (0 < r < r).Dy = d(ilk/ldt

Py SRR SPGB A Y RO AR

(D

http: / www. jdxb. cn



124 [T 7 . ]

PN

2 #H 5545 &

dg, /de A O B 8. ABE N SRR N SR
T B AR 1) R 25k
AT; = D, (P — D)
dg,/dt
D, = %
Kok, HEEE AT R, R R B RO
dg, /dr AR T R,
1 (D FIR (2) AT B AR oA A4 T iR 22
AT = Dyr* + (D) — Dy)ry? &)
F 2 (30 AT ZE PR TR A2 PRSI DU ey
RO S TRV B R R R AR T 1) b B A
5 o a5 2 TA) I 25 52 R s B R S
A, H 255100 B I G &
2.2 ZWNEER
IS I A S FAAR S BA R i, 255
M % 32 PN FL AL AR 0 A o DT 3 G 2 AR R PN L 4
AHYAIE. 24 T & 200~800 C B, P45 3R v mT
DA H (ILIE 3) 78 PAS n#AGe # v, 7 BB H (K
FRAEAE BEEAR R N AR A5 A2 ) i B A B L A8
BE |25 BRI B AR T 3R O R A IR L X
F B TR AR Sk R B R DR ok
AL SR TR KRR E FHRIE T A i 22
SR I, Wang F Ful'™ L & Zavaliangos 45
NI 5T 4 SR 2 B« A 0 ARG R o AR LR
JE AR ZR LT R Sk 55 3R 2 fik v st 3508 0k B e =
ot 2l R S A% 1) BURE RIS, A8 L A1 3 18T Hy
TR G 0 i DRI R A A PR T R R LA
A8 )k A, ' ELASE R B 3k B AT T iR P
MR, ] 3 4350 kA 28 A AR AR AR AR 2R 9 428 1) Ui 22
Bl r ASAESCFR. I 3 AT UL, 7E 200~800 C Ayl
SV I, 2 Fh A 2 P A AR 1) ik 25 Bl A 000 3t 5 3K
RO BRI 3E ME OK, HL3E K E AT G
g, 5 ) s I EEAE) A . BTG
Jr SO TR A, R HA BT A . [
f a5 ALK IIE PAS Lb B2 A IR 5 A9 07
B AARE O BT, T 00 A5 7 3 AR AR S B iR B 2
Vi) P 22 (LR . Sy 1 (e 45 ol i o T 0 ) 3 2
(B AT i s st 174 S B i AL B S 7 DR TR AR 2L L
A RER BRI SRAET DL S M 3 #EAE S AT RE e
S P BE A
XTI 3a.3b AXER I, FEF—IR BT , A A4
FR PR 1) ek B s B S R TR ARAR R 3R N AR 1) UL
FERRRE. X UL IR GRS MR S H M XA &R 0L
A —E R RZ I, 5 E R 0 B 5T 45 R A A —

rn<<r<r;

(2)

160

T/°'C
o 300
o 500

1 1 I
09 10 11 12

1201

1 1 1 1 1 )
13 14 15 16 17 18
r/mm

(a) 1 S5 FF i

160

1201

1I2 1I3 1I4 1I5 1I6 1I7 1I8
r/mm
(b) AL R i

&3 ATFfr (AECHR

71315 Vanmeensel 22 A &30, il S H 0 TiN
21 8P iR - AL AR R A A 1) L B R R T P 48 %%
PERY Zr, Oy 21 R4 2R A0 48 [ ek B A6 2, JHC D PRI
T R A TR A R P Y IR 0 A A AR 22 S R
T B-BEARR, R EE RS A SR, AR
B R HAR R R A i Sk A AL )
BEE. X TR - B BAR &R i TR L P2
ZBEEL R BB R S AL R PR A
P ELAR B 7 2 () £ EERGER 73 4RI 1 R LA R T R
ST | E A REELA % o R I A 2R PN B 458 1o JIRLPE 66 32
BUN

&l da.4b 5357k £ 55 - RELR R AR A R R
R Z AT UL X FaX 2 Fik &R BERE [ OR [R5 AL
S A B T 2 TS i o R I 198 T v T
P G . 31X 55 A [ et B Y N R L -
JE SR AR ZR R UK 7 2O G, FEARIR T 14 & 134
P F B IRk 5 K8 R IAME 35 R AR RS
I A PR ST R FE A R BN R L AR ) T
b 2 AL LU/ T e il N o A5 EL A/ T 1) AR S 40 2
e MR N ST 22 A] T 22 3K PRITITR 5
A8 1) P I P A B 2 1 K

EEERAAT O 10 mm WAL E, B TICE K,
BN L2 53 38 1 DR e K, AT B4 5 iR ) T A
el MEES R ER, K A K, Z BAEAE R 22, 1]

11

http: / www. jdxb. cn



1 FRALAS S 55 - 88 T I A beah i R iR TR BE 40 AR B 5T 125

0 1 1 J
100 300 500 700 900
T/C
(a) 1 S5 FE i
200
r/mm
o 17
150F o 14
A 11
[} % 10
S 100f
<
i :/
0 1 J
100 300 500 70 900
T/C
(b) S ALEBRE T

B4 T xR b s 55 AN [T 0 L A 18] 38 22 1) 52 )

TR By AR o) A7 7R — i BRIl BE A 2. 78 800 C LI
IS 2 RS AR B 22 /8 T 50 CL SCik[ 10
T H 3 A AN A o i R B /D A 4t
K AN RSN N2 AL SRR AIRIZ) S
TEH o AT AR5 R AR S e 8 L E B DT ) 5 11
iEAS SIS E

3 45 it

(D AE MG AR L BERE R O 21 Tl ol
L » LI R O P e it AT

(2) LAaRE HR 0 D J A, R A5 LA R A8 1) 119
i ot PR T A L 32 ) e T R L R
R AR,

() BBELS AL 14 5 H 1 ) T3R5 3 1) A1 R

FOMR. FEIR] IR R o oS A A A B SR -

B ELIA AR L LR B B R T i 4 G M 4R A 50 i 2 AL
AR aURE AR EL A 2R P At P

S 30k

[1] YAMAZAKI K, RISBUD S H, AOYAMA H, et al.
Plasma activated sintering transient sintering process
control for rapid consolidation of powders [J]. Journal
of Materials Processing Technology, 1996,56 (1/4):
955-965.

[2] JUNG Y G, HA C G, SHIN J H, et al. Fabrication
of functionally graded ZrO,/NiCrAlY composites by
plasma activated sintering using tape casting and it’ s
thermal barrier property [J]. Materials Science and
Engineering: A, 2002,323(1/2):110-118.

[3] WANG Jian, XING Jiandong, QIU Zhibin, et al
Effect of fabrication methods on microstructure and
mechanical properties of Fe; Al-based alloys [J]. Jour-
nal of Alloys and Compounds, 2009, 488(1):117-122,

[4] EL-ESKANDARANY M S, OMORI M, KONNO T
J, et al. Synthesizing of nanocomposite WC/MgO
powders by mechanical solid-state reduction and subse-
quent plasma-activated sintering [ J]. Metallurgical and
Materials Transactions: A, 2001, 32(1).157-164.

(5] @iz, AINSIC AN TRAHM R RS (D] 75%.
VY22 ACE R =M BIRL A 5 TR 22 BE . 2007.

[6] NEMOTO T, SATOJ, LIDA T, et al. Doping char-
acteristics of silver in Mg, Sij—, Gex prepared by plas-
ma activated sintering [ J]. Thermoelectric Power Gen-
eration, 2008, 1044 .253-258.

[7] FAN Xi'an, YANG Junyou, ZHU Wen, et al. Ther-
moelectric properties of p-type Te-doped (Bi, Sb) )
Te_;alloys by mechanical alloying and plasma activated
sintering [ J]. Journal of Alloys and Compounds,
2008, 448(1/2):308-312.

[8] VANMEENSEL K, LAPTEV A, HENNICKE J, et
al. Modelling of the temperature distribution during
field assisted sintering [ J]. Acta Materialia, 2005, 53
(16):4379-4388.

[9] KAMIYA A. Observation of sample sintering temper-
ature by the plasma activated sintering (PAS) furnace
[J]. Journal of Materials Science Letters, 1998, 17
(1):49-51.

[10] WANG Yucheng, FU Zhengyi, ZHANG Qingjie, et
al. SPS temperature distribution of different conduc-
tivity materials [ J]. Key Engineering Materials, 2002,
224/226(11) . 717-720.

[11] WANG Yucheng, FU Zhengyi. Study of temperature
field in spark plasma sintering [ J]. Materials Science
and Engineering: B, 2002, 90(1/2):34-37.

(12] ek, fede. fafCae, 55, ik 55 8 T el fR iR

YRR TP 8 (1], s TRk, 2008, 30
(12):11-14.
XIONG Jiaguo, XIONG Yan, HE Daihua, et al
Temperature field and atom diffusion in spark plasma
sintering [ J ]. Journal of Wuhan University of Tech-
nology, 2008, 30(12):11-14.

[13] ZAVALIANGOS A, ZHANG J, MARTIN K, et al.

http: / www. jdxb. cn



126 i % = il Kk % ¥ i %45 %

Temperature evolution during field activated sintering The effect of specimen conductivity on current and
[J]. Materials Science and Engineering: A, 2004, 379 temperature distribution in field activated sintering [ C]
(1/2):218-228. // Proceedings of the 2003 International Conference on

[14] RATHEL J, HERRMANN M, BECKERT W, et al. Powder Metallurgy &. Particulate Materials. Las Ve-
Temperature distribution for electrically conductive and gas, NV, USA: Metal Powder Industries Federation,
non-conductive materials during field assisted sintering 2003:8-12.

[J]. Journal of the European Ceramic Society, 2009,
29(8):1419-1425.

ke Sapd B 2
[15] ZHANG Jing, ZAVALIANGOS A, GROZA ], et al. (hf ot AKRR)

http: / www. jdxb. cn



