SPS
Characterization of starting powders

	#
	Producer
	Composition
	Particle size, nm
	Free carbon or other phases
	[O],

wt.%
	Other information

	1
	Nanostructure and amorphous Materials inc.

http://www.nanoamor.com/products
	TiN
	L=300-800 nm
D =50-100 nm
	
	<1
	

	2
	 HC Stark
	TiN
	15-20 nm
	
	<1.8
	

	3
	IPMS
	c- BN
	100-250 nm
	-
	
	Shock wave synthesis

	4
	DeBeers Ireland
	c- BN
	250 nm
	
	
	Type: Micronabn N300

	5
	
	
	
	
	
	


 SPS consolidation has been proceeded at the next parameters:

-powder probe around 10 g, die diameter 30 mm, pulse current – pulse rate 20 ms and 5 ms pause between pulses, sintering environment – vacuum or nitrogen. 
Regime 1    

1 step  P = 80 MPa (57 kN), T = 1300 oC,  V = 50 K/min

Regime 2    

1 step  P = 80 MPa (56 kN), T = 700 oC, V = 50 K/min  (vacuum)
2 step  P = 80 MPa (56 kN), T = 1000 oC, V = 50 K/min (nitrogen)
3 step P = 100 MPa (70 kN), T = 1450 oC, V = 25 K/min (nitrogen)

Regime 3    

1 step  P = 80 MPa (56 kN), T = 700 oC, V = 50 K/min  (vacuum)

2 step  P = 80 MPa (56 kN), T = 1000 oC, V = 50 K/min (nitrogen)

3 step P = 100 MPa (70 kN), T = 1550 oC, V = 25 K/min (nitrogen)

Regime 4    

1 step  P = 80 MPa (56 kN), T = Tfinal, V = 50 К/min
Regime 5    

1 step   P = 80 MPa, T = 700 oC, V = 50 oC/min

2 step P = 80 MPa, T = 1000 oC, V = 50 oC/min

3 step P = 100 MPa, T = 1500 oC, V = 25 oC/min

Regime 6    

1 step  P =5 kN, T = 20 oC, t = 30 sec  

2 step P = 50 MPa, T = 1000 oC, V = 100 oC/min

3 step P = 60 MPa, T = 1200 oC, V = 50 oC/min

4 step P = 70 MPa, T = 1400 oC, V = 20 oC/min

Regime 7    

1 step  P = 50 MPa (5 kN), T = 20 oC, t = 30 sec  
2 step P = 50 MPa, T = 800 oC, V = 50 oC/min

3 step P = 60 MPa, T = 1200 oC, V = 50 oC/min

4 step P = 70 MPa, T = 1400 oC, V = 20 oC/min
Regime 8 Plasticity   

1 step  Presintered specimen diam. =30 mm deformed in die 40 mm

2 step P = 2 MPa, T = 1200 oC, V = 100 oC/min

3 step P = 20 MPa, T = 1500 oC, V = 100 oC/min

4 step P = 60 MPa, T = 1600 oC, V = 100 oC/min 5 min hold

Regime 9    

1 step  P = 50 MPa (35 kN), T = 20 oC, t = 30 sec  

2 step P = 50 MPa, T = 800 oC, V = 100 oC/min

3 step P = 60 MPa, T = 1000 oC, V = 50 oC/min

4 step P = 70 MPa, T = 1300 oC, V = 20 oC/min

Regime 10 Plasticity 

1 step  Presintered specimen diam. =30 mm deformed in die 40 mm

2 step P = 2 MPa, T = 1200 oC, V = 100 oC/min

3 step P = 20 MPa, T = 1500 oC, V = 100 oC/min

4 step P = 60 MPa, T = 1580oC, V = 100 oC/min 1 min hold

Regime 11    

1 step  P = 50 MPa (35 kN), T = 20 oC, t = 30 sec  

2 step P = 50 MPa, T = 800 oC, V = 100 oC/min

3 step P = 60 MPa, T = 1200 oC, V = 50 oC/min

4 step P = 70 MPa, T = 1500 oC, V = 20 oC/min

Regime 12

1500 oC, 35 min, 20 K/min

During sintering in regime 1 the vacuum changed from 2,3 10 -2 mbar at  to d 1,6 10 -2 mbar.
	#
	Composition
	Sintering regime
	Weight, g
	Dimensions,mm
	Porosity,%
	XRD

	
	
	
	
	Ǿ
	h
	Open
	Closed
	Common
	

	1

(1018)
	TiN-wSi3N4
	1nitrogen

pulse 20 ms

pause 5 ms
	9,92
	n/a
	n/a
	30,37
	7,7
	38,071
	TiN, Si3N4

	2

(1017)
	TiN-сBN
	1nitrogen

pulse 20 ms

pause 5 ms
	13,357
	n/a
	n/a
	1,27
	20,96
	22,23
	TiN, C, c-BN

	3
(1019)
	TiN-wSi3N4
	Regime 

2 (N2)
Tfinal=1450 C
pulse 20 ms

pause 1 ms
	-
	n/a
	n/a
	30,08
	6,99
	37,07
	

	4

(1020)
	TiN-wSi3N4
	Regime 

2 (N2)

Tfinal=1350 C
pulse 20 ms

pause 1 ms
	-
	n/a
	n/a
	28,98
	6,74
	35,72
	

	5

(1021)
	TiN
	Regime 

4 (N2)

Tfinal=1000 C

pulse 20 ms

pause 5 ms
	10
	n/a
	n/a
	34,76
	4,9
	39,66
	

	6

(1022)
	TiN
	Regime 

4 (N2)

Tfinal=900 C

pulse 20 ms

pause 5 ms
	10
	n/a
	n/a
	41,65
	5,89
	47,54
	

	7

(1023)
	TiN
	Regime 

4 (N2)

Tfinal=1350 C

pulse 20 ms

pause 5 ms
	-
	n/a
	n/a
	11,71
	1,92
	13,63
	

	8

(1024)
	TiN
	4 (N2)

Tfinal=1200 C
	-
	n/a
	n/a
	0
	4
	4
	

	9

(1025)
	TiN-сBN
	Regime 5vac
pulse 20 ms

pause 1 ms

	10,0746
	30,03
	5,42
	1,01
	19,13
	20,14
	

	10

(1026)
	TiN-сBN
	Regime 5 (N2)

pulse 20 ms

pause 1 ms
	9,6180
	30,03
	5,02
	1,09
	18,82
	19,91
	

	11

(1027)
	Multilayer

TiCN+

TiN-BN+

TiN-Si3N4
+TiN-BN

+TiCN
	Regime 5

Tfin=1450 (N2)

pulse 20 ms

pause 1 ms
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	

	12

(1028)
	Multilayer

TiCN+

TiN-Si3N4
+TiN-BN

TiN-Si3N4
+TiCN
	Regime 5

Tfin=1450 (N2)

pulse 20 ms

pause 1 ms
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	

	13

(1029)
	TiCN
	Regime 6

1400 vacuum

pulse 20 ms

pause 5 ms
	30,03
	3,15
	
	0,06
	1,54
	1,6
	

	14

(1030)
	TiCN
	Regime 6

1400 (N2)

pulse 20 ms

pause 5 ms
	30,03
	3,15
	
	0,05
	0,83
	0,88
	

	15

(1031)
	w Si3N4
(6wt/%Y2O3 + 5wt%Al2O3)
	Regime 5

Tfin=1450 (N2)

pulse 20 ms

pause 1 ms
	30,03
	6,38
	9,0367
	32,5
	2,5
	34
	

	16

(1032)
	w Si3N4
(6wt/%Y2O3 + 5wt%Al2O3)
	Regime 5

Tfin=1550 (N2)

pulse 20 ms

pause 1 ms
	30,03
	3,77
	7,5036
	18,9
	1,31
	20,2
	

	17

(1033)
	TiN
	4 (N2)

Tfinal=1500 C pulse 20 ms

pause 5 ms
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	

	18

(1034)
	w Si3N4
(6wt/%Y2O3 + 5wt%Al2O3)
	Regime 5

Tfin=1600 (N2)

pulse 20 ms

pause 1 ms
	30,03
	2,99
	6,5
	10,1
	2,56
	12,7
	

	19

(1035)
	w Si3N4
(6wt/%Y2O3 + 5wt%Al2O3)
	Regime 5

Tfin=1580 (N2)

pulse 20 ms

pause 1 ms
	30,03
	3,07
	6,3
	16,4
	1,6
	18,0
	

	20

(1036)
	w Si3N4
(6wt/%Y2O3 + 5wt%Al2O3)
	Regime 5

Tfin=1550 (vacuum)

pulse 20 ms

pause 1 ms
	30,03
	3,61
	6,9
	22,2
	1,5
	23,7
	

	21

(1037)
	TiN
	4 (vacuum)

Tfinal=1200 C

pulse 10 ms

pause 5 ms
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	

	22

(1038)
	70wt%TiCN – 30wt%cBN
	Regime 7

Tfin=1400 (800C,N2)

pulse 20 ms

pause 5 ms
	30,03
	2,45
	7,2
	0,8
	7,8
	8,6
	

	23

(1039)
	80wt%TiCN – 20wt%cBN
	Regime 7

Tfin=1400 (800C,N2)

pulse 20 ms

pause 5 ms
	30,03
	3,35
	9,308
	0,65
	18,9
	19,55
	

	24

(1040)
	w Si3N4
(6wt/%Y2O3 + 5wt%Al2O3)
	Regime 5

Tfin=1550 (vacuum)

pulse 20 ms

pause 1 ms
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	

	25

(1041)
	
	1580°C
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