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Preparation of Zirconium Nitride Powder from Zirconium Chloride (IV)

Yoshihide KAMIYAMA, Toshihiko ARAKAWA, Tadaaki MORI,
Takeaki IIDA and Takashi MITAMURA

Department of Applied Chemistry, Faculty of Engineering,
Saitama University
255, Shimo-ohkubo, Urawa-shi 338

ZIN powder was prepared from ZrCl, by the halogenide process in a nitrogen gas flow (100-200
ml/min) at the temperatures from 200°C to 1050°C. Particularly, the influences of reducing
agents, Al, Mg and Zn powder were examined. The Al powder was found to be the most
effective reducing agent among them, and ZrN powder was odtained above 800°C. In the slow
nitriding reaction, however, an alloy phase of Al;Zr was formed. The apparent activation
energy of the reaction was 28. 7 kcal/mol (850°-1050°C). The fine powder (0.1-0. 3 xm) of one-
phase ZrN was obtained at 1050°C after 1 h. The lattice parameter a and the crystallite size of
ZrN were 4.575 A and 259 A respectively. However, because of the sublimation loss of ZrCl,,
the residual Al was found in the products. This Al was removed almost completely by washing
with 1 N NaOH. On the other hand, in the system ZrCl,-Mg-N,, the process of the nitriding
reaction was slow, and only coarse particles of ZtN were obtained. In the system ZrCl,-Zn-N,,
Z1N was not prepared. [Received June 20, 1983]

Key-words . Preparation, ZiN powder, ZrCl,, Halogenide process, Nitrogen, Reducing
agent, System ZrCl,-Al-N,, System ZrCl,~-Mg-N,
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Fig.1. Free energy changes of formation for the
system of ZrCl,-Al-N,.
Reaction :

(1) ZtCl,+4/3 Al4+1/2 N, - ZtN+4/3 AICI;

(2) ZtCl,+2Mg+1/2 N, — ZrN+2 MgCl,

(3) ZtCli+2Zn+1/2N, - ZtN+2 ZnCl,

R, ZOEMEHEICHEBEZRE L. ZOK, &
FTENCT IV I A, 2739 AROHER (LUK AL
Mg RU'Zn &§2) RAZBHOTHEELL. BT
300~1600 K O EEFH C K BLEBRBFLET TO ZIN
ERRIGIZ OV TOEBRBRAT A VF -2 AG® 2R
FTRB it kBE, WITHMDRTH ZIN OAERH
HREHICEL C EWHRETH 555, BT HIE Mg v
b, F1, Zn OEILNEHA (930°C) DlETH
Baxnsenrgansg, AloBaehamEodH
INETAHEDTHS.

2. EBRAE

D ZrCl, (Alfa Chemical 8, #ifF 98%) = HIE
BELrbOLBITSBM R (BHESEEN LER,
Al : 2% v 7k, #iRE9.9%, Mg ! ¥yWrik, ME
99% LI b, Zn:WEFEE, $E99.8%) #HL, »WIh
LREA 200 X v VA FICEH A, THIERESRE
Ltz 7u—7 KRy 7 ANTERSGL, HREERE L.
HERAHIEK 1R U RIS, E|vit ZiCl,
CAl=3:4 BU3: 3.2, ZiCl, 1 Mg=1 :2, Z:Cl, :
Zn=1:2& L1

H2 IcAREBNOBZRd. ARGEE, 70—
TRy 7 AR THRERRN 0.5 ARIGEA—-F (Al &
5V Zn #EGHEBCIIREE, 10X13X80 mm F
1mm, Mg 2838 3 Bin%, 11X13X65mm E
x2mm) L&V, EERAVELZUET HHE5E, K-
FOEBEH LM UDHETY, K- FITEEBZEO £
LTHEBE L. ChiaBSHORRKRIGE (N30
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Fig.2. Schematic diagram of reaction apparatus for
preparation of ZrN,

(1) :Cylinder (N, or Ar), (2 ) : Flowmeter, (3) :
CaCl, tube, (4 ) : Activated Cu, (5) : Zeolite tube,
(6) : Hg Manometer, (7 ) : Reaction tube, (8) :
Electric furnace, (9 ) . Thermometer, (10) : Temp.
controller, (11) : Sample and reaction boat, (12) :
Receiver, (13) : Scrubbing bottle, (14) . Water-jet
pump, (15) : Vacuum pump

mmg, £ X 450 mm) JIZEETA L, SR ICEES L 1.
FICHRADBER R ORE RS H A AE# & HER 0K L 72
OLHEETERN A 2FBI 1. BT ADKEEZ,
e e 5 FH OIS ML SRS (160°C i hn®h), &M oE(L
ANTYLERCFEL T 4 MEEBY, TAFEE 100
~200 ml/mim & U7z, ZORETCHEDREICAEL
THBWIBERFABS S ICZBB L, FrERRE%E
SFEARL O HRIGE # EBETKTAGBL TR
K7L, RISBROERERBIIFR- N TEEBME O &
HABUTRDTIZ.
BonfcERIC OV T, HKE X RETARE G
FERR DS B X ROMTEE) KL 2HEE, T, K
TEHBORELETFROAE, EARIEFHEMSE (SEM)
(Bds{Err 8, EMX-SM ) it k2 XHEBIR, X
HEOHUEZE 2 {T- . XENFICL2EESE L,
ZtCl,-Al-N, %13 Si (99.9%) # ZtCl,-Mg-N, %
AL (99.9%) 2ROV IZNERERERIZ L 01TV, AR
ZIN Dt & & X Scherrer XYW 2 W CEE U 77,
Fi, WEmBEL, EETARBEZHEL, BET (—
BBk 0EHU .
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(182.7°C) TRHEFT L 120EBKD» HRBICREIN
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Fig.3. Changes 1in relative intensity of X-ray

diffraction lines for the products obtained by heating
the powder mixture of ZrCl, and Al (3 : 3.2, molar
ratio) in N,,
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Fig.4. Relationship between weight loss and

reaction temperature in the reaction of the system of
Z1Cl,-Al-N, (Z:Cl, : Al=3 . 4, molar ratio).
Holding time : 1 h

1050°C O&EFTH 5. o Tid, HERBFO AIRE
HizBHETH B0, 80% ICLCHLRABOERTH-
1z,

KA, B U AICL & —EBREE L /2 ZiCl 3
En Y RISEOEREIET 5, 300°C LIFTidb
ThThotz. A— bROEBMICIE, 300°C LT
& ZiCl S1EHE S 55 400°C DL ETCWR s hiash» - 7z,
UL, 300°C fhRDRIGT I, Etyivaz=y s (M)
(LIFZIClL &9 5) RO NBZELHD, RIED
tEYRIC AICL, OFEEPRER I NI L HEETD
BITRISHSRETNS Z EHS 5. 500°C % ¢t ZrCl,
DRENBITHIGEVER LY, 600°0C kT VI
W A-YNazZy sEE (ALZr) ErER L, 700°C T
TR E -2, B Zr ORISR SN h o T
73, 800°C Ll ET ZiN s8Rk L, 1050°C T3 ZiN
BHiEgo1.

wiz, ZiCl-Al-N, R 1h KIS BT 28RO EER
LERELEZER 4 ICRT. FRREEA ZCL D Al=3 14
DEx, RIGHFERELUIBEOEEBDEIL60.9% (H
B Kb, Mrosdnrsd &) 300°0C DRIGT,
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Fig.5. Changes in relative intensity of X-ray

diffraction lines for the products obtained by heating
the powder mixture of ZrCl, and Al (3 : 3.2, molar
ratio) in N,.

Reaction temperature . 1000°C

BEIZ 69.9% &L /s D HERMEA Eal-> /2. STHIEERKIGD
ZiCl, 0—E#RA#FE (FFEEE 331°C) »EHEEEDIS.
300°C DL ETidAR— FhE i i ZeCl, OElHT#F
BRsNE»->12. 400°C DL ETIEIE—TEDHNT5% &
otz B, 800°C LN CRE(ERIE & U b ETTKIE
PEELTERI S 120, EBERIGICESEEHMNITE
AEROONEP 12 1, K3 oo kDI,
Z{ERIGIE1000°C L ETHE LIS, LIhoT,
400°~1000°C DR EEK CIIEREMLVP I I —EL L
5.

LR ORBELEFA NS 281z, 1000°C, 5~240
min ORIGZTV, £z 7 4 ZAHEZED X R0
B TERBULERZRS ICTRY. KIGERICHNT
BRI ISTEIE S T, ALZr SRR L 72, R O&B
IRV ALZr 3 LU ZIN o R B S A L 1. ZIN
14 30 min F T O HBAEREO S 512/ ERED
#WiZRU., ChEWTUCERBBVROL(LZHA N
fo & 25, RIGBEEH# 5 min TR IF—EMICELTHEY,
HEORELBRINEVWI EHH OERE TIRRIGH
HRBTRTIAHIENDSH. 5min TIEIF—EEITE
TH5DIE, CORRTZINZ50% BBEERLTHY,
T, RIEOETIHEVWERD Al RO Zr 8t O
PRIV ZIOBLICEH2EEBH LTI NNT VAN E
hiztzvEBbhs., Litd-T, REBUE, EBOE
ez,

z27T, ZINODEBEE 2 MRFT T 512812, 850°~
1050°C O #H < 50°C [kgic ZIN AR B OERK Lt %
AT AR E X BT BRTERB LR ZH6
IR, RHREE S RICHARHE 10~20 min T ZrN 45K
Br3EF—E8IELTHEY, BILRIEVEREICET
T5IENS-1. Fh, ZIN ARE L 950°C LLET
ARUTHY, RIGBEPEEPOERICKEEER
525 E0RBEINS.
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Fig.6. Changes in relative intensity of X-ray

diffraction line for ZrN obtained by heating the
powder mixture of ZrCl, and Al (3 :4) in N,,
Reaction temperature . @850°C, @©900°C, (®950°C,
(01000°C, O1050°C
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Fig.7. Arrhenius plot for the system of ZrCl,-Al-N,.

F—rEHUL. RICOYIHERRE %= 1 RIS ERE U,
1050°C, 1h o ZIN A2 HHELE U, ZIN £EKED
s RIEREZKRD, XBEETERETEH & ZRE L,
Arrhenius 7’0 v b Z {7 12, 7ILZDERERT.
O S REBIOEMEL T &AL F— 134 28.7
kcal/mol & 75 5 12, Zr OF{LKIGITH F B EML T A
WE—IIDONTIE, BOLDORENDH HH, BRH I,
HEBIZEY 860°~980°C DR E&HHE THER Zr KD
2L T3 44. 2kcal/mol, BAKFE Zr HEK DO REIL T
40. 4 kcal/mol & L TWVWAY, Bz it i
WS, REBROERIZINS ETFE->THYRIGHES
KERIHILERRL TS,

ZiClL-Al-N, 2T E P » ALZr »» & ZIN ~B 4T
THLBREMNA LN, ALZr ZERRIED Al BRI U2
HBRAERKLIZEEZONDZDT, ALZr 78 ZtN O
W52 48R L. 3, MBFAAEZTNVNITVE
L, 200°~1100°C ORE#A T 1h RIS S & 2 ERY
O X BRI L 5 EBEREZB8IITRY. ALZr o
HRRIE 500°C S8R F 0, 900°C TIRAEBE B 7.
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Fig.8. Changes in relative intensity of X-ray
diffraction lines for the products obtained by heating
the powder mixture of ZrCl, and Al (3 :
ratio) in Ar,
Holding time : 1 h
F1z, ALz 900°C F TRERR &N, 1100°C T Zr v d
PICR oz, ZOFER, BrEEsThEEETDH
ALZr RS A Z EM T o 1.

22T, AL Zr (MIOEAEE T 3%, 97% DL bR
200 A v 2 lI'F) OEBNVEEHF Zr DAlI=1 11, 1:
2RU1I3OMKREEY ZHML, N, TAREF T 1
hmzh L, £z X Rhlralr e~ Al-Zr 5%
DR, Al OFIS (660°C) LIETR S NIZAS, 1:3
OFEBERWS E ALZr OHPERT HDITKL, 12
EU1:10EE T 700°C © AlZr,, AlLZr O 444
MNRHsNz. 1000°C DL ETiE, &iE D ZiN 4R
Uizhs, B IX Al 0RIEB D EREE L -1,
H 9 X BEHrHMO—BlZRd. 13 Dakhd 1050°C
THELTH ALZI BN 2N EDH 5. £z, 1:2

4, molar

@ 1000°C Tk ALZr O[EHFE O IT LIRS h i3,
FEREEE<TIER o m < no1. ALZr DR
131580°C L F <™, WERKLEEMETHY, 1000°C 12
ORIGEE T, Zr @l & ZIN 24845 2 &k
A TRrwEEZONS. 12, BIMIRISTIAT
BEAER <20, T1T2A 5 TiCl,-Al-N, %
5 TINOEROBICIRELLZEE» 5D “5l 5k
RIS ke alREtE & 2. U A, RIGHE, 4
U Zr EEE Al S HGFLUTCHLELICRE L AlZr
Menod, NEZrpRIETE HREBICH D08, ik
WHEEF 2 WAL, SR ALZ BERTAEEZ S
ha., ol &id, TV FAGRRTCRIGEZTWD,
B, WORAT A BRI CE A ERY TR, R
CIRETEDLZT-o1BELVL ALZIENEL
B EMSBNE. 1, BEOKBICHEN AlLZr 858
BT 5DEERRKIED Zr b & KE U T AICL 24
ML, DEELIZZt 5N ENIGT B0 EBbh b,
2T, DEoEREZ b EIKRIGBRE DD &,
300°C Fhr @ E 0, ZiICL 4ERKRT 5. 12170,
ZiCl, 0 RIFEEN L L, ZICLBERLTHEDITHTH
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Fig.9. X-ray diffraction patterns of the products obtained by heating the powder mixture of

Zr and Al in N,
Holding time : 1 h

B, Ftz, ZICL S BICE LT, REEREICED
ZiCl, & ZiClLiz s 5 L b 575, S REREH 350°C
RN, ERLTHEBRYPICE S s DAY H
B, EZBEULLIELTHXBTCHARETE S

EOBETFEL B,
300°C~ : ZrCl,(s)+1/3 Al(s)— ZrCl,(s)
+1/3 AlClL,(g) (1)

T, (s) FER, (g) EREERT.

500°C Pl E Tk, BICBITHMS, EES Zr (IR
Ztr L9 5) BERTS.
500°C~ : ZrCly(s) +Al(s)~ Zr*(s)+AlClL(g) (2)
Zt EEBICAl BB NVIBREEET H. 800°CH
513 ZIN AT 505, By EZT L OVHEEITE
AlZr &5 5.

800°C~ : Zr*(s)+1/2 N,(g)— ZiN(s)
500°~1000°C : Zr*(s)+3 Al(s, 1)— Al,Zr(s)
o, () BkiEERT.

®102, 1950°C, 1h RISTEH s mROEER
EFEMEEEART. 0.1~0.3 um FEEORTHEE
LTWVAEETFFEEINSE. 20D ZIN HOR
FHEH a3 4.575 A CIME 4. 577 A ISEW S &b b,
FIEFRBHABLICEO OB NI DN . E T2,
ZIN O S TROTA 13 259 A, HRER L 22.7
m?/g TH 1.
R, bTHrDAI BRI EIELH B,
HEEZMERE L, FERMKEOoBMESE T L, X
SENSALEL, B ALEIEY T LOERbRS. Al
HERBUILAEERMEZHE T 1IN KBS M) Y ABR
RICBLILOL, HEARCTL by TRELIZES

(3)
(4)

Fig.10. Scanning electron micrograph of the product
obtained by heating the powder mixture of ZrCl, and
Al (3 : 4, molar ratio) in N,. 1050°C, 1h

AFEFERRIGD Al ETE B EMToT2. L,
HEPICERA T 5 ALZr WKER(EF b Y U LB TIERR
EFBHEBTERPHT.

3.2 ZINDEARICRIZY Mg RV Zn OFE

Mg 8 hriEd, @B na=y .085E%ks L
<13 ZrCl, # Mg TRITT 2 5 H—HNThHbH. L
mU, MEpoEe A YA () OF&EN
1418°C &3 <, ERMHICEE LU TRIGZHRKLTL
5 10%, Nar veET Mg 2 o c@iEi3mun.
B 1142, Z:Cl,-Mg-N, %&, 1000°C, 1h RIEDA KK
Mo X BEHRO—H 2R, SEEER S NEND,
Zr OB MP RSN, BIEPSTHICEATHENI &
YA, 1, Bohtz ZIN &, hr XS ERTFOD
EEKTH - 1.

—F, In ZBTHWEH T 0@ 0D, BlAEMOER
tEign (M) »730°C THRILT S, Zn G H HHFHAH
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Fig.11. X-ray diffraction pattern of the product
obtained by heating the powder mixture of ZrCl, and
Mg (1 : 2, molar ratio) in N,.

Holdmg time : 1h

3

930°C Thb b L HMEDEHEVHINMEZES &N
W s, nNusrvitscd, ®Rib=4 70&58%
B TH-1. UL, ZrCl,-Zn-N, Zci: ZIN %
BHIENTELEP- 2. ZThiE, Zn OB IEBEA
PUTFciEsEAEREINT, ZICl, 0DRED » 5
ZolzlzdThHbsrEEZOND.

4, & £
AWtzETIE, BITANC Al, Mg RO Zn 0K ZHL,
EBESTAFRETRT ZICL » 50 ZiIN DA 52 R & 17,
3, ZrCl-Al-N, R C3RD L5 28R TRIGHET

FTHIENT 1.

300°C~  ZrCl,(s)+1/3 Al(s)— ZtCl,(s)
+1/3 AICL,(g)

500°C~ ZrCly(s)+Al(s)— Zr*(s)+AlCly(g)

800°C~ Zr*(s)+1/2 N,(g)— ZtN(s)

AL Zr(s)
ZrCl, O R 2R
2o Al OBEIC

500°~1000°C  Zr*(s)+3 Al(s, 1)—
ZrN D4Rk 13 800°C & 0 BHGL 4 5 A3,
LAk, AlOBRELED N,

&0, BT VGG, ALZt WEKT 5 2 & A5
HhdEnots, TOEEREORET OB L

— 1349 28.7 kcal/mol (850° ~1050°C) T & - 77.
1050°C, 1h RISTHE S N EBI3BmEKE T, ZIN i
DIETFEL a v 4.575 A, ERTEMN 2594 ¢ 1.
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Mg BT Tid, Al BIGICHNTEILDOHETHIEL,
MK FEBo0. 12, Zn BT ZINA#BL 2 L
ECcEighrot.

DEDESIZ, 3EEORITTERBOM T, Al HE
bEMTHY, AlZEIC & HEBOKE, SN
ZIN DMK ERT A LTt
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