Chinese Physical Society
Mﬂ#ﬁ Acta Physica Sinica :

€D Institute of Physics, CAS

SR RELGRE TR AFEMR
AR F3F FhAH E4AE

Internal friction characteristics of compacted billet of metal powder in sintering process
Hao Gang-Ling  Xu Qiao-Ping  LiXian-Yu  Wang Wei-Guo

5|5 K. Citation: Acta Physica Sinica, 68, 126101 (2019)  DOI: 10.7498/aps.68.20190031
TEZER 2 View online: https://doi.org/10.7498/aps.68.2019003 1
AN View table of contents: http://wulixb.iphy.ac.cn

BT BB A HAB S EE

Articles you may be interested in

FFHPr70CU30 5 A4 B Be4b S gk iR T mU g AT

Coercivity enhancement of waste Nd—Fe—B magnets by Pr70Cu30 grain boundary diffusion process
PP, 2018, 67(6): 067502  htips://doi.org/10.7498/aps.67.20172551

1o TbE A VA 1 £ Bi2 Te 3K Al R A FA L PE RE RO DTS
Thermoelectric properties of the Bi2Te3 nanocrystalline bulk alloy pressed by the high—pressure sintering
YIH2EAR. 2015, 64(4): 047201  https:/doi.org/10.7498/aps.64.047201

W% S5 I A9 oK 5 Tk £ 4 FGHA095 M il £ I A ZUREAE
Fabrication and microstucture of spray formed powder metallurgy superalloy FGH4095M
YA 2015, 64(10): 106103 https://doi.org/10.7498/aps.64.106103

R TS 5 A K TI- 1223 S I A B 7
Growth of T1-1223 superconducting thin films by rapidly heating—up sintering technology
YIHEHz. 2018, 67(13): 137401 https://doi.org/10.7498/aps.67.20172753

fedt B HITI-Nb A4 H i [BIBJR F-5 R 1 Snoek it

Snoek—type relaxation caused by interstitial atoms in sintered S —type Ti—-Nb alloy
PP 2019, 68(8): 086201  https://doi.org/10.7498/aps.68.20182120


http://wlxb.xml-journal.net
https://doi.org/10.7498/aps.68.20190031
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.67.20172551
https://doi.org/10.7498/aps.64.047201
https://doi.org/10.7498/aps.64.106103
https://doi.org/10.7498/aps.67.20172753
https://doi.org/10.7498/aps.68.20182120

#) 32 % 3R Acta Phys. Sin. Vol. 68, No. 12 (2019) 126101

ERMARERREITIERNNEFRR
UG HBT FEW EHE

(T2 RS (5 BB, 1% 716000)

(2019 4£ 1 A 6 BUkEI; 2019 4F 2 H 27 BYEIENH)

BEAE AR AR A < 1o At P O0T fie 287 i o H AR A O BV R LR MR R e 4 e A OB AR R 45 A Rt
(S, T R 45 A Al B2 | 45 A IRLRE 55, TR et T2 s R SR DT O 15 B AR SCR TN AR R RGTHT
JE T HIon R4 Al Mg, Cu, Fe By R R be 4 i e i N FEAT . 1258 — MBI THE IR R b & R B T — 1
FRIGE | 71T 08 R Sl Ul U R — U A St FRORY ARG DA, R I TV IR S T KRR U R B R T
Fo. Thili 0 ) 1 S B RH T 81 24 B R LAY T B, BORIPR B e A 3 ARk, R I 0 3L mT 2% B A Sk BT
FM AR BEL 1E ARIR T IR A E A W 5 Y P R SORE A A2 R R O AR, B AU R A2 3 1) R T 4 B/
T T, X 5 R [1) 555 45 6 St T KR R (e B T sl Pk B B DR O TR Tl I R I, S A 5 45 45 S T
FEFERE, ARG N o 2 0 3L P 7 (07, 59 45 9 T A D JOORE [ 5 B, DN R R e, B T AR AR E TR

Tt 06 ) 1 BSR4 1o i AR ] 5 SR A R, AR U L S A Ay oy R A ) 45t dl E

X NEE, SEMARIEIR, el AR
PACS: 61.72.Hh, 81.10.Jt, 81.20.Ev, 61.72.Mm

1 5 =

B M A O AR IR, TEIE 24 il HE AT UR
FAF NI R R G S R, R ™
AR R I T, XA TR R A T
TEVEAE . SRR BE 4G AR, A fE S 4F Mk 4%
BeAi TP, BiARBRE JUH IS o0 R R BR A A i A
IR IR P LR IRLE , RIBRAS A M SRy s el fb 7 1
S BRI A AR AL VR PR LR AR B 2 U A A e IR
P& U BRI o (BR4S A4 X il BE 5 AT RHG AR 2
Lb) AU bea R ARIELEE , (HLAS3 SPRIPERENE N britE,
D58 &8 0 A Uk i ). -V BRI E T
J& I AEA R EE T be4hJm RITERE, A AR I
ARHGINA R A, HUhr s e | AR A ]
AR A L F SR S AU ] A A A AR b 4

DOI: 10.7498/aps.68.20190031

B B o BEURK 2 T e 45 1R R RS 4 1R E b
. I K ASOIAT 78 A i beab A e i o —
PR Tk, IR R FHNE 4 JR AR R 48 22 6
[Fi) i B P e A MR W e 25 ) ke T B (HL LG 4
o O T2 TR e — 2 Bl AR SR R R A
REARMENE LIRS — B A Pt i iR

R T W GE 4 JE Ry R R R 4 0 B P 4
AR, 45 AR T BAS W7 o 2 1 AR 44
Krause %5 1 SRl 1E HL I3 JORBIF ST 4 J8 23 A H A
B Bes 3R . Hitbner 25 P % % 5 o 7 0 s
R R TR 0 WAy e B U - el DR (AR
Wakai Fll Nikolicl®l i it % 4% 4 J& F SR 2 1 F
fn A BY V)b 1 5 R IR I S MR R AR R A R
SRR, X AR F B Sl ) & JE A R
PRECE AL A SR MR T AL B, SRS PR AR
A TERAS B ER B M RE DN . X ey I — e R

*ER ARG (HEfES: 51661032, 51301150), BRPYA FAERHGHT 211 (kS 2013KIXX-11) FBRPYE I 2 7 Tl K%

R (S 2016KG-02) YEBIRY L
t fEVEH . E-mail: glhaoQissp.ac.cn
©2019 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

126101-1


http://doi.org/10.7498/aps.68.20190031
mailto:glhao@issp.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 68, No. 12 (2019) 126101

AT ER AL M AR B B AR UKL be 45 i) A b
ALV 200 R £ 25 25 ) ) 78 A R B o 7 R ) e S
T, (EE LIRS be gl i A2 v 42 B M A R B fe b 44
AL R ME E, FRRE B R 3 1A S8
TE2EROR, INFERE R AR AT A R Ty ik -1,

PIAER A A5 [ 44 Bk B ) 2 1 o Fg —
HEG AR BT AR TR A 4R A 1
B % U 1A AE B A A2 Bl AR A RN 23S B
FHRAEE, T UM T R E3RAR R & A it
R E M BT AR B TERER AT 48 AR
SRR K R AR R T T, AR NAERR
L T R TAE. Hao %5 12 3R FH N FE J1 2215 05T
TR E R MR (ECAP) ZLBHJS 4 Fe-Cr 442
RS A A8 AL Golovin 45 1314 SR F N #E
FARWIFET Al-Mg &4 M4l Cu 2 ECAP 5k
ARV 2 5 Y f S it B RN R4 i Fan 45 191 5@ 33 Py
FEM & RAEM5 T ECAP A B 2 J5 4l Mg 19
FEAT M. LRI, SEAEMA T KBV )G, 755
— A PFETHEN S AR, BT — A EEREN
FEUE, W1 AT T %0 I P A 5 4 Y T 405 el
A, ERRATETA TAES, RANFENESAS T
SRR AR R BRI N FE-TRLEE 1%, 76 TR TR AR 4%
R T —APREIE, AT T PRI = A TR (6]
R0 fy 7= A e R S PR 2 AN BH A, LA, B
AR B PN FE I G AE A 4 S oK R B
S HA R TR — 58 ARSCRAINFEHE R
R AIC R4l Al, Mg, Cu, Fe My K JEER B4
R NFETT R, BRRE A RS be s i it rh i 2 Ui
AV RY AR AL, BB A Rk 45 4 3 A 1) 8 ) 2t
T2, BS7 4 I M A R IR I A i e 25 TRLEE | 245 R T
S, IAXTHRess T2l | r= i it i 2 THR At
BRI HREE.

2 LI

SEERE A ALK SERE Ry 99.95% HYBKIE UKL,
S H R R SE 20 pm, 1 Aladdin 23 "] 424 Mg
K2tz Ry 99.99%, ~F- U RS 50 mm, H K
TAL2EA T BT, Cu M4l Bl 99.9%, -3 ik
A 45 pm, B Macklin 23 7] #2448 ; Fe k54l i
H 98%, SR HURL R ) A 25 pm, B Macklin 23 7]
PR, AN R RUS (8 A JIURE Hh 434 0 3 o 7 075
F, 4 JE R AR Bl i R AR SR R R A

RELZA B A 77 9 B i R L T G, A9 R e B P #E
& R N FESS R SE A 65 mm x 5 mm x
2 mm. R FEERIR k7 B2 EF'L#'/ﬁ, H7S
B 106 Pa, iB KR E 50300 °C, FRAFBRE % E
ANEEE .

i F IR 2 T RE AR (MFIF-1) 5454 @ #
KIEERNFE (Q1) FIAHXT 8h J1 245 & (RDM).
W5 07 oA sRA RS, AERIEH] 0.2, 0.5, 1.0, 2.0
A1 4.0 Hz, BASPRNE 20 x 10 6. FHEE® 4 °C /min,
D AF LS R T b AT, A5 102 Pa. SRATH
A HIOKI HEFHF (RM3545) PUIFEH LR K R
PR BH -V B AR RS 30 mm x5 mm x
2 mm, AR N EZ, BEE5 107 Pa.

3 #£R53

K141 T4 AL, 4l Mg, 4l Cu Fi4f Fe #3 oK
FERAE S — G Tl A e v pAy AR i I 2 ) 24
DU R A AR R AR T B T — A
LAY TR AR (P W), X ZE AL, 46 Mg, 41
Cu M4l Fe ¥y K EER, P, W4 5]t BLAE 310 °C,
155 °C, 214 °C F1 536 °C BFz. o R n py #E Rl
G ) v T RN, e A0 o ek v R
P W2y ELA B I 108 00 2 AR AR A i v BN
TR ) HE I T RAEARR, (F IR 5 0 e A 38 2 ] T
R OC . Py W A SO P 5 A AR N FE I —
B, WA, AHAR IR A R S R Z
(1) P9 S T B BT A 7 A 2o A v [ S8 B A4 55 3 A A
T RRFIT 2 A it 4 B0 5 A K 1),

Bt R TR I v, PRE S IR B 2 (R AR G
ZUNE 2 Fon. B B S A AR S DU 4 4 A
JE BB B PN FE - B8 v 2 BT — A B R D AR
(Py U), {H Py ITH 2% . 7RI &M% 1 Hz 540 T,
XFRAE AL, 4 Mg, 2l Cu f4l Fe ¥y K HEIR, P, 1§
AT B IRAE 240 °C, 127 °C, 187 °C H1 427 C [}
I, A A A Lt R N ARG R AR — B 0,
Py 1 2~ BB () PR T 5t T4 7R A RE I AR I i
AT G K 1) SR 1A% B0, FIBR R S N AR
Ji, WerE JLFEARAR ) Jo I AR AR . Py AT
9, MR T THE AR TP A RO ZS 4 A T AR k.

TES—MEA T RGP F L B, AR
PRI% RDM 505 2 [ AR OC R ANl 3 iR, ]
DLEBL, TRt v, XFR; Py W T EEQ &, RDM

126101-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 68, No. 12 (2019) 126101

0.18 0.11

U (a) Al T (b) Mg
0.16 |- &5559*‘15\ 0.0 #2‘
r —o0— 0.2 Hz b 0.09 L
0141 _a 0.5 Hz : X
012 —o— 1.0 Hz 0.08 1~ X o g’?
Hc‘y 0.10 L —* 2.0 Hz Hc‘y 0.07 - Ry,
L 0.06
0.08 - L
L 0.05
0-06 - 0.04 -
0-04 1= 0.03 - —o— 1.0 Hz
0.02 002l —#— 2.0 Hz
L —4— 4.0 Hz
oF P IR T TR I I S | 0.01 - P I T T I I S S
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
Temperature/C Temperature/C
0.05 0.12
(c) Cu - L (d) Fe u:ﬁ
[ ]
0.10 - —&h— i)
—0— 0.5 Hz o *— 0.5 Hz s
0.04 - “’ r —0— 1.0 Hz Q'E
i : o 0.08 | :
T L T I
5,008 & 0.06 -
0.02 |- 0.041
L 0.02 —
001 0 P I I NI ST |
100 150 200 250 300 200 300 400 500 600 700
Temperature/°C Temperature/C

K1 JHEM R P FE-IR RS (a) AL (b) Mg; (c) Cu; (a) Fe
Fig. 1. Dependence of internal friction on temperature during heating process for (a) Al, (b) Mg, (c¢) Cu, (d) Fe.
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Fig. 3. Dependence of internal friction on temperature during heating and subsequent cooling process for (a) Al, (b) Mg, (c) Cu,

(d) Fe.

B M A A A X3, Py gL -, RDM Bl
)T TR, Py IR A ), RDM Fifi i B2 - e 1
B, RAEHE Py W FTTEIREE, AEHES 18 &
AT ARME, st AR B . BRI &, RDM
BERLE OB AIR R T, 7595 44 8 RDM B A2
) — MR, R T R IR A AR A R 25 A AR
TETE.

RT3 SR B R IR A R b R 2 A
AL AL, 5T Cu Ml Fe By R EIRTESH — AT
Rt T 2 b BEL TR B AR fE R, 2 SR ] 4 fir
. Hp R FGRISM AR, R, AR, AT
PLEER, 76 THE N FEIE Py g H B A I8 B8 BT,
FHIAH BB TR Cu MR EIR, 78 NFEIE Py 1§
IR 214 C 4L, R/Rpa M 0.95, 15 Cu & KIEAS
J&i, B BE P T R — A S D IR A, B
SRS ), SR D RRAIR, B R A
B Fe ¥R R, PFEIE T BLTE 536 °C, XN Y
R/ Ruax 7 1071, X SESR B NFEDE Py T IEAY
MR T, MORLEE AR T AR b, FERIT R AR B
ghit i, AR AR R IR b s IR, RIbesb (A
SoRp P Eg )y 2f R B B AR TR A5 S
3 AL 4, W] LA IR Py W i I TR R R A

TCFR AR ERIE S, (1 L 4 VL

K5 45 1 TR RECT ALK K SR Py 16 AN
P, WS, MK 5 AT LUK 3R, Py g L BLTE S
—AMEI A LI b, BT R AR S 2 AR B
D v Py T K, R B IE R A N FRUE N FEIE
WRHEE R I e AR R AT I Y. Py e HH B 55 — A
TG BRI 2 A J5 22 G R I s s A ep 6B 1%
WA R A PR B I LA R T I £ S A R A g B
EME.

afi Al 4 Mg, 4l Cu F4li Fe PUFN 4@ ¥ K &
W, FESE— AR AR &, HA ALY I FE R
%, TR P BT Py g, REESREHE
T Py g, PN, FEA BT Py W LAY Rl
B RE et &5 7 e AR S Py W R A A BRI, Py I A
P, W BLA A [A] A AT SRR P, 0 3 I T A PA AR e
HA A P EEHLH].

KA FEERAE 1 R el A e, 2o Ok 22 1] )
SRS FIAR T AR ELASL A R4 3% , T8 AT 22 (] R AL
WA, UKL 22 [ OMLARZS & S . (ERE X 48
b2 R & 45 A Z B REF51 51, HUkE & i/
TR 1, Bk Z M) Sk Tas4s 6 RE, )8 T
S5 A T Ry A URDR AR N, 5525 A S i AR

126101-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 68, No. 12 (2019) 126101

1.0 - O Heating —M— Heating
m Cooling —0O— Cooling
Heating rate: 4 °C/min Heating rate: 4 °C/min
0.8 -

0.6

R/ Rumax

0.4

0.2

Cu powder comapact

Fe powder comapact

0

& 4

100 200 300 400 500 600 7000
Temperature/C

100 200 300 400 500 600 700 800
Temperature/C

Cu Fl Fe #3 A 28 (4 V5 — Ak v BH -3 B2 %

Fig. 4. Dependence of normalized resistance on temperature for the Cu and Fe powder compact

0.15
Measuring frequency: 1.0 Hz
r —0O— 1st run
0.12 ﬁ,
g O
|
B o O
o
[m]
0.09 o d
g |
T I g m]
< g \
al O
0.06 0 \
]
§ 9
7 o
] 7
g
i I
0.03 Ly
I 1 I 1

0 100 200 300 400
Temperature/C
5

Fig. 5. Influence of cycle times on P,

MR, W R R b, RERAERBOR, AR . X5
Kl 6(a) 45 HHBBURCRIAEXT ALY R FEER Py IR 52
Wi Jee—ELH, B 6(b) 25t TR 1% AR
B Py R . R LI A B, B A D A 3SR
Py WA, By A M 1 TR 7R, ST 4G 7 5
BEOR, SN S ] B9 RS AR IR XE, A S RS
PRES AR /N, G B AR RE A B N FERRAIR. NAETT
IR R e, B R T, — T T R AR
W, o3 —J7 1, 545G S R R BUE /N,

126101-

0.030
Measuring frequency: 1.0 Hz
| —m— 2nd run
0.025 —@®— 3rd run

0.020
& 0.015
0.010

0.005

0
0 100 200 300

Temperature/°C

400

PRI X ALK AR I8 Py 0 52 1R

peak for the Al powder compact.

W O RS A8 1525 5y, AT SPER N, R R B 1
K, WFEIZWHE TN, HE P, WEIIEnL B, MRbEAE
SERPERGAS  PUREIVEHR . P L, JS0RL) 5545 &
ST ) TR AR A % 1 R Sl M R e iR e Py U
SHES AN

RESR Py WA P0G st B A N FE IR, B 9
T8 BE T AE S ) L B AL 0 B AR B . AR P
Arrhenius J5 % 20

T =19 exp(H /kgT), (1)

5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 68, No. 12 (2019) 126101
0.10 0.10
| (a) i | (b) ﬁ
o oo res 1
0.09 |- Particle size 5] \ 0.09 ressure ] I:\I
| —0— 70 um o o —— 5
=]
0.08 - —®— 315 pm = n 0.08 - _éngMPa =|\:|
E’ I - 150 MPa | |\:|
0.07 |- o 0.07 | '\ \
I o« - =,
= 0.06 ] = 0.06 - E ||
| T | [
cl & - j
E 0.05} g B o.05F .lE\|
L 3 I8
1
0.04 - om E’ 0.04 |- \#:
n
0.03 |- g 0.03 | il‘—j‘ﬁ p
0.02 0.02 |-
0.01 1 L 1 L 1 L 1 L 1 L 1 L 1 0.01 1 L 1 L 1 L 1 L 1

60 120 180 240 300 360 420
Temperature/C

6 MURDRLAR FIHe i He 77 X BR3Py WY 52 )

100 200 300 400 500
Temperature/C

(a) Kif2; (b) FE S

Fig. 6. Dependence of particle size and compressing pressure on internal friction for the Al powder compact: (a) Particle size;

(b) pressure.

Hopr 7 o it ], o ARRFERETN 7, HAUR
SIS AR IRTE R, ks MPERZE S H AL AR
B, R wr =1, w AR H w0 = 2nf . IRIEIR
IR KREIE R, nT45H In (w) 5 1000/ T, Z 7] &
F ML, WE 7 7R, Py MR RE Al i A
BERA W, XR4AE AL 4 Mg, 4l Cu fil4l Fe A&
JEIR, 06 AE 4> & 1.73, 1.25, 1.28 fil 2.04 eV.
ZISTERE S 4l AL, 4l Mg, 4l Cu F4l Fe 9 i At
BIG REEAR— 2 18, [WRE P, WA B DUFh 4
a8 ) i i PR D 7 Bt 3 AR — B, AT LUSIE P, I
J& T i St R AR, AR A R, Ok
F [ HAERETEAL, BRI IRIE IR, K&
PHL, 39456 I A 2 0 R AR AR
(AL R A DR B s A T T e it 5 5 T, s AR
RA Ak, TORLE MRS, & 56 LG & 456, M
LR e, A EA AR BE . T, FRR R
H Py ERTH R S THE R R 55 25 A AL AN d
TR, FARIE A B0 TR R T 22 B Y
R, I EA B 20 RDM. [F)R, Py WER774:, i
P& B0 R AR TR ERES b B v A AR
& B A AR PR il BB e AR, SR R AR T
JFEDEAS | By A R ERAL T RASARES, B 1)
2 DA ERIA R, T R T —E R
BRI AR T SN FE. Hao 55 12 7E ECAP
AL TR Y T9 8 Fe-18Cr &4 B T

4.0
P Al Cu g
L Ha=1.73 eV
3.0 Hyg = 1.25 eV
a5l Hew = 1.28 eV
L Hpe = 2.04 6V
3 20}
‘E L
~ 15F
1.0
0.5
0
70‘5.I.I.I.I.IIIII.I.I.I.I.

1.2 1.4 1.6 .148. .2.0. 2.2 2.4 2.6
(1000/T,) /K1
Kl 7 P, Ry Arrhenius & R
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Internal friction characteristics of compacted billet of metal
powder in sintering process’
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Abstract

Sintering plays a decisive role to determine final product quality in the powder metallurgy process.
Understanding the law of structure and defects as well as determining the initial sintering temperature and
crystallization temperature will prove clear information to determine favorable sintering technology for the
powder compacted billet. In this paper, the internal friction characteristics in the sintering process for powder
compact billet, pure Al, Mg, Cu, Fe are systematically studied in terms of internal friction technology. Two
internal friction peaks, named heating peak and cooling peak are respectively found in the first run. The cooling
peak is a stable relaxational internal friction peak. It is concluded that the peak is associated with the viscous
sliding of grain boundary based on the activation energy and peak temperature location. The heating peak is an
unstable internal friction peak corresponding to the decline of resistance and relative dynamic modulus, the
peak temperature being considered as an initial sintering temperature due to the great change of material
performance. Furthermore, the heating peak is dependent on powder particle size and compressing pressure,
which increases with the decrease of particle size or compressing pressure. The dependence can be understood
according to the increase of weak bonding interface and activated slipping distance between powder particles.
The internal friction of the powder compacted billet in the heating process gradually increases with the
temperature increasing, which is mainly due to the micro sliding of the weak bonding interface, but the
enhancing trend stops and internal friction rapidly declines when the temperature approaches to the peak
location due to the transition of weak bonding interface to grain boundary, as a result, leading to the formation
of the heating peak. The occurrence of therising temperature peak indicates the formation of grain boundary
between powder particles in the sintering process of powder compacted billet. Correspondingly, the peak

temperature can be used as a crystallization temperature.

Keywords: internal friction, metal powder compact, sintering, grain boundary
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