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A pure AIN powder was synthesized continuously at
1150-1500°C by the floating nitridation technique. The
nitriding temperature was reduced about 200°C by us-
ing N; as floating gas for Al powder and injecting an
N./NH; gas mixture at the center of the heating zone.
The AIN powder obtained at 1300°C had a size of about
10 ym and specific surface area of 24.2 m?/g. AIN parti-
cles were so brittle that they were easily crushed to be-
low 0.1 ym. This AIN powder had good flowability and
sinterability, and transparent AIN ceramics were ob-
tained by hot-pressing at 1900°C without any sintering
aids. A percentage conversion decreased rapidly with
increase in NH3 concentration when an N»/NH; gas
mixture was used as floating gas. The nitriding rate de-
pended strongly on the cracks formed on the particle
surface, but not on the diffusion of nitrogen through
the surface AIN layer.

Key-words : Al powder, N2 gas, NH; gas, Pure AIN powder,
Fine AIN powder, Particle distribution, Floating nitridation
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Table 1.
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Metallic impurities (ppm)
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Al Fig. 2. Change of percent conversion to AIN with NH; concen-
J tration in the gas mixture used to float Al powder. Symbols cor-
respond to respective nitriding temperatures as @ : 1350°C and
b (O :1500°C.
a

Fig. 1. Schema of experimental apparatus. a : Agitator, b : Con-
tainer for raw Al powder, c : Electric furnace, d : Thermocouple,

e : AL,O, tube, f : Glass tube, g : Collector, h : Filter.

NH; B4 4 A F# 13300~1000 cm?/min, No/NHs {B& A7
ZOE A B INBG O S EFICI00mm, TIFIC
200 mm O, NH; 7 ABE LT AFEICK LT 0~
20 vol% & L7-.

Boh AINBFRICOWTE, XBREHIC X SHEOR
FEREROEN, £EMETENSE (SEM) I K58
FEEOBLE LREROPE, B OTRERIE 7 EERIC &
LR ESAOBE, BET kic k5 iEEEOHEE, ICP
RIS I & D EBAMpEDS T, LECO-TC436
IC X AMEROSH, KEFTOERBEMORE, BRI
B ORIEET - 7o, BEEIIN ZEKH, 1700~
1900°C, 60 min, 30 MPa OEIfIETH v /U ABERE L,
HREEORIE L HEHE O SEM B2 & 0 FHE L7
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FFREROOERCII, FLEATALE LT, No/NH; B
HARGER L. AUBEROE LA AWRE %1350 cm3/
min, KEEE1350°C RU1500°CA2F & LT, ELRIG
R LB AT AFONH; HABEORRZE 2 ITRT.
RIGRE1350°COBE, SILRIRRL, NHs #ARED
0vol% (Ny FADZ) T42%, 5 vol% T18%, 10 vol% T
8 %It/ v, NHz HARERHERT AT TR L.
F7-, NHs HAEEEL0 vol% Ll E Tl ELRGERIT—EE
D 8% LIEWEICK - 7. RIGEEL00COHE, &1k
RIGEIL, NHs 5 AR 0vold% TL00% TdH - 7273,
5vol% Tid35% L E LA L, 10vol% LA ETid, NH;
HAREE F A LT ELRIGRE—E[DI8RIC /x>
7o, ERMS AR FANH #RICXHINE LEER
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DKk =7 AIN BB HEHIE < AER L, O AIN $iR48
BELICS A 50 EEbhs. IhbDlepb, &
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Fig. 3. Effect of injection position of the N, (95 vol%) /NH; (5
vol%) gas mixture as a reactive gas on percent conversion to AIN.
Pure N, was used to float Al powder. Symbols correspond to
respective nitriding temperatures as A : 1150°C, A : 1200°C, @ :
1250°C and O : 1300°C.

(LRIEROMEADI=DITIL, AVGEROE ER AT A N
ZOMEREPBHELTEY, No/NHs BA T AOHERIEIAHET
B5.

WNT, AV RO ERIC #2000 cm?®/min © Ny A
ZEEE L, MEERIZ1000 cm3/min @ Np/NHz BA& 4 A
(LLF, BEAA) #EA L. RIGEEH$1150~
1300°C, NH; H ABE R 5vol% DHEE&#H & LT, £k
RIGR & BE T AEAMBOBEFRZE 31C7RT. Ny/NH;
BT AEANE DS INEGEE T 7200 mm OFHE, SR
KL 2 % RETH - 727, BETAEAMLEL MBI D
THEOFROLANEEL B BICH > T, ERIGRITHEKX
L, mBERLED AEL 25 E, M, SLRGRITIK
AUt BILRIGERLI00% OB KL, BETAEAMED
INBGERFRL R OB .0 550 mm THOHET, K
FSIREE A31250°CLL E TAR SNz, £OHE TIHO, Np/
NH; BE& T A% MBEFOICEA LR WT, B ERATA
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1250°C CELRIHERI00% OB KB BN S C &,
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200°CEERBEMET L2 &Ik b, 2O 2T,
BIGEROME R O RBMEIOREIC HHEREA S C 2
0, AINBRERMEOERICKELEETHLD L
EZzoN5.

¥ kA I B 3 2000 cm3/min @ Ny 4 2, 1000 cm3/
min ORE H A% MBFRF LD HEA LBED, ELK
J&= & NHs 7 AREORHR %K 4 12779 . NHy 7 ARE
0vol%, dishH Ny FADADEE, ELRIGEIT 2%
K CH-72. LrL, SERERIT, NH; HRA%HEA
THIETELIHEAL, WIFNORIGREIZE TS,
NH; 77 ARED 5vol% Tl K E LR, RIGRE
7281250°CLL EC100% DELKIEEK & 75 5 7=, Tz NHs
AABREZEMS® 5 &, RGEEMS1250°CLL T clig
LRSERIZHA 3 BER AR Hhi-.

REA A MBETHL» 5EA L, NHy HAEEHR
S5volX DEHED, FALKIGEK &% LR Ny 77 AWE OB R
R 5 1o, RIGBERI250°CUTOBEE, ELAY
AWMEBKE 125 &, BRIGRITHEA L. COFE
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Fig. 4. Change of percent conversion to AIN with NH; concen-
tration in the N,/NH; gas mixture used as a reactive gas (NH; in-
jecting position : center of the heating zone). Pure N, was used to
float Al powder. Symbols correspond to respective nitriding tem-
peratures as A : 1150°C, A : 1200°C, @ : 1250°C and O : 1300°C.
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Fig. 5. Change of percent conversion to AIN with flow rate of
the N; gas used to float Al powder. An N, (95 vol%)/NH, (5
vol%) gas mixture was injected from the center of the heating
zone. Symbols correspond to respective nitriding temperatures as
A :1150°C, A :1200°C, @ : 1250°C and O : 1300°C.
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SEELEAPEIDRT kD EELLNS. kB, O
SMRINERBRIGTH A 720, T ORIGED B FE
EOLERICHE L, EEONMTRERZELLE %->T,
RLFZRENCAER L7z AIN #1580 fBE % (25 L 7= (LRI
BETLTWEEEZLNS. kB, RIGEEH1300°C
T, ¥XTOLHAfE CEIKIERITL00% 17 -
7=,

3.2 EMMRDMEREKREER

N HADATCOBIKIGIZ L D AEBRCHBLNIBFE
i, RIE42% (RIGEE1350°C) O ORKEDS 5\
FIKAE, RIGEL00% (FUGRELS00°C) O bOAHME
R L. BEHTALORIGOHEA T, 1350°CLHL T
THEAD LI Vv VBaER LR, 1400°CLLE Tk
MEGEZR L. ZOEGHLVEL VY YEO AIN G
KA Ny FES A, 1400°CLL L THEMEBR ¥ 5 L fiE
FiL L7z, COBBRD LI VY VROEBRERIZ, B

ATV, EFENFEEICT I FE, 13 FEOES
PHEEL TS EbEZLNS.
FLGEICB LN KD SEM BZEOH & LT, K
JEIREEL300°C, ¥ b A APH1350 cm3/min TO O %
@IFHM N, HR EDORIG, Tabb
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Fig. 6. SEM photographs of the particles nitrided at 1300°C. (a)
Nitrided with an N, gas used to float Al powder, (b) nitrided with
an N,/NH; gas mixture injected from the center of the heating
zone, (c) powder prepared from particles (b) by grinding in an
agate mortar, (d) nitrided with an N,/NH; gas mixture injected
from a point 200 mm below the center of the heating zone.

NI | -El ectronic Library Service



The Ceramic Society of Japan

JRHER

No/NH; B& H A #RIGEHOBICEA L TWEVES
T, RIGR2 % KBEORT CTH 5. MTFERED AN B4
B AR L, MFcasst vy, () FEER
o Ny i L, 7 AFE#E650 cm3/min OEA A A % InEk
Wepadp HEA L, NH; HARER 5 vol% DHET, K
IER100% ORI FTH 5. TN TORFICZER L BHPAE
UCkY, BEERD CTEMANTORGREBTHS. C
OBERIEL, BRINRPTVWHEEEZE LTV, Z0O
b)) OB FEDD > L CHBITHFE LD () TH
4. CTOBMEO—EPFEE, 0.1pm T OMD THAM
R CHAH. (b) EA—ORA A AT MBI LI D
200 mm FHCHA LHEO OB (D) TH 5. FIETK
FAIBEKERAURET, ZORNTRRICEAPBES
n, AZizEEIhiwv. Zhid, WI00°COME TRE
HABBAZINTWS T 2Tk, NHy FA L ORIT,
AR FREICHER 2 AIN FREAER L, B2 miEEic
BEIhAMICFICELHEL, COAINHEEZ®ELT
O Ny OIEERAR L, RIGEIC X AR FOMRE ER B4 7%
B rEZONS. FRDZIC, EED AIN HIEH A
LAY, RIBRMEL D EBbhs. Licdho
T, BFRBICLBEORKIGALZERL, O AlBEH
+5 L ARG 57O FREICEAPR L2 D
rEZLNS. INHOI LD, BRIEEREIDRTE
EICER LA-BHICHMIKREL, RTREIICERLE
AIN % E L CO N, OINICH E DV EBINRVEE
z2bh5. Fhdz, AUMEROERIGERE % REHYIC
(R X /57201, AURTREICAER Lz AN #iK %
AR CERERICE®S L, BWREE L G E
FIF L RE AN @EZRAEI R L0PROEDTH S
FEbNS. ZOO)OBEROWRER2ICRT. HER
Bi324.2m?/g TH O, Nop HAEDRILTHER L7z AN
BROWETES.Om2/gl9 LD LM3I/MORKEITH -
7o, SBRAMYERUBRETIEIABE T 70, %
7=, A Ny AW #E1350 cm3/min, Np/NHs B& 5 A
650cm3/min % fNEEE L HEA L, NHs HARES
vol% DBET, 1500°CO I TR L 7o K O L H R
1310.0 m2/g TH - 7=.

wiC, RIBE100% CHERE Lz, KHPEO AINBRO
2y VUL ATERT, PIBEFHEE L. BL
A N 4 A 3531350 cm?/min, No/NH; B & A4 4650 cm?/
min Z MEGEE PO SEA L, NHy HARE 5 vol%,
1300°CTHR L RB OB E (R FEHI0 um) 2
0.89 g/cm3 70, BATABZEA L\ T Ny A AN
1350 cm3/min, 1550°C TH R L7z kBB OBm R (Zik
BFRR0.1 um KiE) 28039 g/cmd & 7x -7, L7ch» G,

Table 2. Properties of AIN Powder Nitrided at 1300°C for 5 s

BET surface area (m2/g) Oxygen content (wt%)
24.2 1.2
Metallic impurities (ppm)
Fe Si Cu Mg Cr In Mn Ti

22 26 12 3 4 1 1 1
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Fig. 7. Weight gain in air atmosphere. (a) Powder of 24.2 m?/g
prepared by nitriding with an N, (95 vol%)/NH; (5 vol%) gas
mixture at 1300°C (24.2 m?/g), (b) powder of 8.0 m?/g prepared
by nitriding in the N, gas used as a reactive gas.

BEHATER LB EROFBERHTATER LI &
N 2N EOMIBEEZRT I ERGP -7 TN,
BEHATHER LIZBEDS, MiNe #ATHERLICHR X
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WRREMEICEBNTWALDEEZDLNS. CHhHDOHR
PRAETAHILICLD, RETEERKE LR EOIER
BRI 5.

E7z, AR L7 RGE100%AIN KR O KRG ICHRE L
EOEEEMAETICTET. BATATERLIBERD
FHH, BEAATERLIHER LD SREREEL(IR
HHN, BEBICZ LW &89 ol I, BiED
BERPKE T LEREBELETH2OTHD, FRBREL
THEATHHEIC, BNEEEAIFEINE 0D, W
D E, BEREEEOHEMER < 7cdOMLOERD L
Brinh.

3.3 AIN BRDKESH

FER Al ROmMBELREEThd, FERAN, TA
2000 cm3/min D&M T, BETELOAIRGE
& LT, MESHZR S8 ITRT. MENS 2~10um O
HHEICHHLTED, FHNEN66um THo72. ZO
B ERFORESML, FERA N, TARERLET K5
&, BB WIFICBE L. kIZ, BFEH N HAH
#2000 cm3/min, NHs #2105 cm3/min 7% 1 2438 .0 2
SEA L, NHs HARE 5 vol% D4z T, 1300°CTEE
LRI L CAER L RONESAEE 9 ICRT. RiON
SDORESA LD GRBEOKEWHFICBE L, 4~20um
OB LT, BT LOFHRESN2 EIC7k-
TWhb. o, TOEBHROMESMS, FERAN T
AWEAE T RS &, MESME, ME DTS wv
FHBE L. COMEKEDD DAL TR S WR:LmER
ORESHERI0RT. BREOBHEKIL, WESH0.9
um DT OB ERRITH D Lo b5 2 & Bnh 5.

3.4 AIN #yRODBERE

1300°C CORAE HATEHR Lo KK T1500°CTOE
FEHATER LIHRT, RIBEAH100% O AIN BRIZD
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Fig. 8. Particle size distribution of Al powder floated by the
stream of N, gas with flow rate of 2000 cm?®/min at room tempera-
ture.
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Fig. 9. Particle size distribution of AIN particles nitrided with
an N, (95 vol%) /NH; (5 vol%) gas mixture at 1300°C under the
stream of N, (2000 cm3/min) used to float Al powder.
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Fig. 10. Particle size distribution of the powder prepared from
the AIN particles (see Fig. 9) by grinding in an agate mortar.

W, Ry PV ABEE LB ORBEE AR 3 IS
1700°CR UF1800°COBERE Cld, BAHATHER LI-HE
DOFEREAEIT, BRI ATEHER LI2BROBEREME L D L8
BEPKXEL D, FF AN OBHHKEE (3.26 g/cm?d)
ICELTWe. 1900°CTi, EEHTATERLEEBFRD
BEECh, AINOBEREREICE L. BHREECELE
AINtEZ Iy 7 A, £EOHREFO LEBCHEREEZTFL
7o, BERSADIE % SEM B LR, BATATARL
7o ROBEEMRIL, Ny HATER LB ROBEEA LD

Table 3. Relative Densities of AIN Ceramics Hot-Pressed for
60 min under 30 MPa. Powder A was Synthesized at 1300°C by
Using N, Gas as Floating Gas for Al Powder and Injecting an N,/
NH; Gas Mixture at the Center of the Heating Zone. Powder B
was Synthesized at 1550°C by Using N, Gas as Floating Gas for Al
Powder

Temperature Relative density (%)
(°C) Powder A Powder B

1700 99.5 99.0

1800 99.8 94.0

1900 99. 9 98. 0

LRLSEZERESRBER L TVB T 2085l 7
B, BENATHER LIoBRIZERERE 24,2 m2/g &,
PN HATHR LB ROILERRED 8.0m?2/g kb
HBH/REVOT, EREFEBECER T 2bD L BD
N5, BRAIT, HiNy TATER LIHEROBEREME,
BEAATERLIHROBENE LD 558, HEOB
M AINBR &0 BRI,

4. & E

AVKRLF OB SIS RIE S No/NH; B& H ADE
ABLE & NHz T AREOHE, 15507 AINBROR
EHERUCERGBRBICOWTHRRE L, UTOMHa .

(1) AUVBEROE LA RIZ No/NH; B H A% 3
550 %, Ng HAZRERT 2558, AVRFEREICHES,
SR DR AIN IR AL T 5728, 2O AIN BEO
Bt e BN (RE L, SERIGRIIHAT 5.

(2) AIBEROBILKIGITE T, £ AN B &
LTORRDOINEEEITE VDT, 0 AN B AEX
®BEZEDTBEHTH 5.

B) AIBMKOBFLBHACN HAEFEHRL, Ny
NH; B& T A% B ROOMBE» HEAT S &, 21k
RIEE100% O AIN ¥R B RIGRE1250°CTE LN 5.

(4)  Np/NH;z {BA T A% MBI ROORE» SHEA L
T, RIGEEL00°CTHE L/ AIN BRIE, FE ALY
REFZIEF UBRIR T, H10um ORETHS7-0, BE
BN IC B, HREES24.2 m2/g b KE WD, TH
BOR &0 SBEEEICEN .
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