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Table 1 Comparison among lattice constants data in the literatures®

Phase Cubic or rhombohedral Hexagonal lattice Literature

(crystal  Polytype lattice

system) Ca/A a Z an/ A e/ A e/ an Zy Year Author

B(cubic) 3C 4.358 4 3.0829 7.548 2.449 3 1944 Thibault®®

4.352 4 3.077° 7.538% 2449 3 1948 Reuter™
4.3590 4 3.0823” 7.5500”  2.4495 3 1950 Taylor®®
4.3589 4 3.0822% 7.5498" 24495 3 1979 JCPDS"
2H 3.0817 5.0394 1.6353 2 1950 Taylor®®
3.076 5.048 1.641, 2 1959 Merz'®
3.076 5.028 1.634, 2 1965 Sokhor'®
3.081 5.031 1.6329 2 1979 JCPDS?
3.0763 5.0480 1.6409 2 1979 JCPDS?®
3.0815 5.0307 1.6325 2 1981 JCPDSY
4H(I11) 3.079 10.073 3.271 4 1944 Thibault®
a(hexa- 3.082 10.066 3.266 4 1945 Zhdanov*"
gonal) 3.0800 10.081 3.2731 4 1948 Lundqvist'”
3.081 10.061 3.2655 4 1979 JCPDS”
6H(I1) 3.079 15.109 4.907 6 1944 Thibault®
3.081 15.095 4.899 6 1945 Zhdanov*V
3.0800 15.098 4.9019 6 1948 Lundqvist'”
3.0817 15.1183 4.9058 6 1950 Taylor®™®
3.08065 15.1173  4.9072, 6 1967 Gomes de Mesquita'®
3.073 15.08 4.9073 6 1979 JCPDS®
3.0815 15.0921 4.8979 6 1981 JCPDS”
7H 3.0806 17.637 5.725, 7 1965 Kuo'®
8H 3.079 20.147, 6.543 8 1952 Ramsdell?”
9H 3.0806 22.676 7.360q 9 1965 Kuo'?
10H 3.079 25.18,4 8.179 10 1951 Ramsdell?®
15H 3.0806 37.794 12.268 15 1965 Kuo'®
19H 3.079 47.84, 15.54¢ 19 1953 Ramsdell?V
27H 3.079 67.996 22.08, 27 1958 Mitchell®®
33H 3.079 83.097 26.99 33 1954 Mitchell®®
36H 3.078 90.65 29.45 36 1963 Krishna®?
48H 3.079 120.868 39.25 48 1954 Mitchell®®
54H 3.079 135.976 44.16 54 1957 Verma®
55H 3.0806 138.58 4498, 55 1965 Kuo'®
66H 3.079 166.193 53.97 66 1957 Verma®®
78H 3.079 196.410 63.79 78 1954 Mitchell®®
80H 3.0806 201.57 65.432 80 1965 Kuo'?
141H 3.0806 355.26 115.32, 141 1965 Kuo'”
400H 3.079 1007.2 327.1 400 1954 Mitchell®®
15R(I) 12.71s  13.90, 5 3.079 37.78 12.27 15 1944 Thibault®®
12.730 13.896 5 3.0800 37.817 12.278 15 1948 Lundqvist'”
12.69,” 13.90,” 5 3.073 37.70 12.26 15 1972 JCPDS®
12.69,” 13.90,” 5 3.073 37.70 12.2681 15 1989 JCPDS?
2IR(IV)  17.71y  9.97 7 3.079 52.89 17.18 21 1944 Thibault®®
a(rhom- 17.685> 9.97% 7 3.073 52.78 17.18 21 1972 JCPDS'?
bohedral) 24R 20.23»  8.73” 8 3.0806 60.47 19.624 24 1965 Kuo®”

‘ 20.24” 8.73% 8 3.082 60.49 19.62, 94 1965 Gomes de Mesquita®™
27R 22.735  7.77°) 9 3.079 67.996 22.08, 27 1952 Ramsdel®®
33R(VI) 27.76  6.36 11 3.079 83.11 26.99 33 1944 Thibault®

27.70®  6.36™ 11 3.073 82.94 26.99 33 1972 JCPDS'V
(continued)
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48R 40.353” 4.37.® 16 3.0806 120.94 39.254 48 1965 Kuo?”
51R(1)(V) 42857 4.129 17 3.079 128.43 41.71 51 1947 Ramsdell®®

4276 4.12 17 3.073 128.17 41.710 51 1954 JCPDS'?
51R(2) 42.849 4.12 17 3.079 128.437 41.71 51 1952 Ramsdell®®
57R 47.906” 3.68,” 19 3.0806 143.62 46.62, 57 1965 Kuo?”

47.876" 3.68, 19 3.078 143.53 46.63 57 1962 Krishna®¥
66R 55424 3.18» 22 3.078 166.188 53.99 66 1982 Yamamoto®”
69R 57.977" 3.04s® 23 3.0806 173.85 56.43, 69 1965 Kuo?
75R 62.984 2.80 25 3.079 188.878 61.34 75 1952 Ramsdell?”
81R 68.053% 2.59.” 27 3.0806 204.09 66.25, 81 1965 Kuo?”
84R 70.537  2.50 28 3.079 211.543 68.70 84 1952 Ramsdell®?
87R(VII) 73.05,” 241;® 29 3.079 219.099 71.16 87 1947 Ramsdell*?
90R 75.554 233, 30 3.078 226.6 73.62 90 1963 Krishna®?
93R 78.127%) 2.26” 31 3.0806 234.32 76.06 93 1965 Kuo?”
105R 88.148" 2.00” 35 3.078 264.39 85.90 105 1964 Singh®®
111R 93.18” 1.89” 37 3.078 279.5 90.81 111 1962 Krishna®¥
120R 100.74”  1.75» 40 3.079 302.17 98.13 120 1954 Mitchell?®

100.82” 175" 40 3.080 302.4 98.18 120 1968 Gomes de Mesquita®”

a(thom- 123R 103.32”  1.71Y 41 3.0806 309.91 100.60 123 1964 Kuo?”

bohedral) 126R 105.77®  1.67 42 3.079 317.278  103.04 126 1957 Verma?®
141R 118.359 1.50 47 3.079 355.04  115.31 141 1954 Mitchell®®
144R 12095 1.46® 48 3.0806 362.82 117.78 144 1965 Kuo?”
147R 123.47” 143 49 3.0806 370.38 120.23 147 1965 Kuo?”
159R 133.55” 1.32® 53 3.0806 400.62 130.05 159 1965 Kuo?”
168R 140.7,  1.25» 56 3.079 492.184  137.39 168 1954 Mitchell?®
174R 1452  1.21” 58 3.079 436.7 141.83 174 1963 Wyckoff*®
192R 161.15®  1.09;” 64 3.079 483.471  157.01 192 1953 Ramsdeli?V
216R 181.42% 097, 72 3.0806 544.93 176.66 216 1965 Kuo?”
231R 194.02”  0.91® 77 3.0806 582.03 188.93 231 1965 Kuo?”
339R 284.72"  0.62” 113 3.0806 854.14 277.26 339 1965 Kuo®”
393R 32987  0.53 131 3.079 989.60,  321.3, 393 1954 Mitchell®®
417R 350.5  0.50® 139 3.0806 1050.7 341.0, 417 1964 Kuo®®
453R 380.4»  0.46,” 151 3.0806 1141.4 370.5, 453 1964 Kuo®®
513R 43097 041 171 3.0806 1292.6 419.54 513 1965 Kuo?”
1041R 874.3»  0.20” 347 3.0806 2622.8 851.39 1041 1965 Kuo?”
1200R 1007.,”  0.17;® 400 3.079 3021.69 981.3 1200 1954 Mitchell®®

a) Kuo®? reported also the data of the following polytypes on the base of a, = 3.0806A and ¢,/Z, = 2.5195 ~

2.5197A: 26H, 31H, 42H, 64H, 72H, 81H, 96H, 97H, 106H, 120H, 201H and 210H; 45R, 60R, 78R, 99R, 105R
108R, 111R, 117R, 150R, 153R, 213R, 237R, 243R, 249R, 264R, 267R, 270R, 279R, 282R, 318R, 32IR, 333R
354R, 384R, 459R, 498R, 522R, 636R, 654R, 696R, 831R and 987R. b) Values calculated by the authors.
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Table 2 Corrected lattice constants of polytypes of silicon carbide and mean distance between layers

Cubic or rhombohedral

Hexagonal lattice

Mean distance

Phase Polytype lattice bet
(crystal system) oytyp - - - ¢ we;rol
aoc/ A a VA and/ A h! A Zy, layers/ A
B(cubic) 3C 4.357 4 3.081 7.547 3 2.516
2H 3.081 5.055 2 2.528
3.081 5.038 2 2.519
3.081 5.030 2 2.515
4H(II1) 3.081 10.085 4 2.521
3.081 10.061 4 2.515
6H(II) 3.081 15.120 6 2.520
‘ 3.081 15.103 6 2.517
3.081 15.090 6 2.515
7H 3.081 17.639 7 2.520
8H 3.081 20.16 8 2.520
9H 3.081 22.67 9 2.520
10H 3.081 25.20 10 2.520
15H 3.081 37.79 15 2.520
a(hexagonal ) 19H 3.081 47.88 19 2.520
27H 3.081 68.04 27 2.520
33H 3.081 83.14 33 2.520
36H 3.081 90.74 36 2.521
48H 3.081 120.94 48 2.520
54H 3.081 136.06 54 2.520
55H 3.081 138.60 55 2.520
66H 3.081 166.29 66 2.520
78H 3.081 196.53 78 2.520
80H 3.081 201.6 . 80 2.520
141H 3.081 355.3 141 2.520
400H 3.081 1007.9 400 2.520
15R(I) 12.72¢ 13.90, 5 3.081 37.80 15 2.520
21R(IV) 17.73, 9.97 7 3.081 52.92 21 2.520
24R 20.23 8.73 8 3.081 60.48 24 2.520
27R 22.74  7.764 9 3.081 68.03 27 2.520
33R(VI) 27.78  6.36 11 3.081 83.15 33 2.520
48R 40.36  4.37, 16 3.081 120.96 48 2.520
51R(1)(V) 4287 4.12 17 3.081 128.50 51 2.520
51R(2) 42.88 4.12 17 3.081 128.51 51 2.520
57R 4791 3.684 19 3.081 143.64 57 2.520
66R 55.48 3.18 22 3.081 166.35 66 2.520
69R 57.99  3.045 23 3.081 173.87 69 2.520
75R 63.02 2.80 25 3.081 188.98 75 2.520
a(rhombohedral) 81R 68.06 2.59; 27 3.081 204.1 81 2.520
84R 70.58  2.50 28 3.081 211.6 84 2.519
87R(VII) 73.10 241, 29 3.081 219.2 87 2.520
90R 75.62  2.335 30 3.081 226.8 90 2.520
93R 78.14 2.26 31 3.081 234.4 93 2.520
105R 88.24 2.00 35 3.081 264.7 105 2.521
111R 93.27 1.89 37 3.081 279.8 111 2.521
120R 100.81 1.75 40 3.081 302.4 120 2.520
123R 103.34 1.71 41 3.081 310.0 123 2.520
126R 105.75 1.67 492 3.081 317.5 126 2.520
141R 118.43 149 47 3.081 355.2 141 2.519
144R 120.97 1.46 48 3.081 362.8 144 2.520
147R 19349 1.43 49 3.081 370.4 147 2.520
(continued )
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159R 133.57  1.32 53 3.081 400.7 159 2.520
168R 141.10  1.25 56 3.081 423.3 168 2.519
174R 146.16  1.21 58 3.081  437.0(438.5) 174 2.511(2.520)
192R 161.25  1.094 64 3.081 483.7 192 2.519
216R 181.45  0.974 72 3.081 544.4 216 2.520
, 231R 19495 091 77 3.081 582.1 231 2.520
a(rhombohedral ) 339R 284.8 0.62 113 3.081 854.3 339 2.520
393R 330.0 0.535 131 3.081 990.1 393 2.519
417R 350.5 0.505 139 3.081 1050.9 417 2.520
453R 380.4 0.465 151 3.081 1141.5 453 2.520
513R 431.0 0.41 171 3.081 1292.7 513 2.520
1041R 874.4 0.20 347 3.081 2623.1 1041 2.520
1200R 1007.9  0.175 400 3.081 3023 1200 2.519

Bbhb. Table | OEBHF LN T—F TIX, a, &
3.081A BRI DOENFE L, EHES>ORETH, 3.081
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7.
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ERENARR, FHERREZED, 925204 T, 3
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FHERMREIEL 25114 TH A4, THRNEBLVEIC
NESVDEIRFEEEZOND. HHOZLDKRY 54T &
U 25208 & UTHERTER a. 25K 5 & 4835
ALrny, ZoE>HBXEp > OBER 43704 L0 {E
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RENZKRKYV YL TORBBABIZ O VT,
Zhdanov'?, Wells'>, Wyckoff'® D&KL A,
Table 3 ICHE LU TR U2, Wells DEEICLS a, b
13 Si-C-Si-C-MH D REOBIRIZH Y, aaa XIT bbb
WAL FROBEBTHY, ab BANHRNEETHS.
DRILEDBE, BUEUAHOEV SO TIRIERICE
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IR U7z, X, Wyckoff DREDHETIE, C 1N
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Table 3 Stacking sequence and proportion of hexagonal stacking in polytypes of silicon carbide
Phase Stacki{lg sequence Proportion
crystal Polytype Zhdanov Wells Wyckoff of hexagonal
system (1946) (1950) (1963) stacking, xy,

B(cubic) 3C as cce 0.000
oH 11 ab HH 1.000
4H 292 aghy CHCH 0.500
(hexagonal)  6H 33 aghs CCHCCH 0.333
8H 44 asby CCCHCCCH 0.250
10H 3322 asbsashsy (CCH)o(CH), 0.400
19H  (32)522 (azba)sash, (CCHCH);(CH), 0.421
27H  (23)5(33), (aghs)s{asbs)s (CHCCH),CH(CCH); 0.370
36H  (33),34(33)532  (asbs)oasbs(asbs)oashs (CCH)sC(CCH)sCH 0.314
15R  [32]; [ashy] 5 [CCHCH], 0.400
2IR  [43], [asbs]5 [C(CCH),l 5 0.286
24R  [53], [asbs]s [CC(CCH),l4 0.250
27R  [3222], [asboasbs] 5 [CCH(CH);]; 0.444
33R  [3332]; [azbsasby] 5 [(CCH),CH]; 0.364
51R(1) [(33),32]5 [(asbs)oashals [(CCH)sCH]s 0.353
51R(2) [32(22),]5 [asby(asby)sl s [CCH(CH)/]5 0.471
57R  [(33),34]5 [(asbs)easbals [C(CCH)¢l 5 0.317
66R  [(23),(383).])5 [(asbs)o(ashs)sls [CHC(CH),(CCH);]5 0.364
69R [(33)332]3 [(33b3)333b2]3 [(CCH)7CH]3 0.348
a(rhombo- 75R  [(32)2(23)s]5 [(asby)s(ashs)sls {(CCHCH),(CHCCH);] 0.400
hedral) 84R  [(23),(33):]s [(asbs)a(asbs)sls [(CHCCH),(CCH]¢l5 0.357
87R  [(33),32]5 [(asbs)4asbs] 5 [(CCH),CH], 0.345
105R  [(33)532]5 [(asbs)sazbals f(ccH),,CH], 0.343
I1IR  [(33)534]5 [(ashs)sasba) s [C(CCH) 5l 5 0.324
120R  [32(22)5322233]; [ashg(aghy)sasbeasbeasbsls [(CH),,CCH(CH)3(CCH)sl5 0.450
123R  [(338)632]5 [(asbs)easbol s [(CCH),;CH]; 0.341
141IR  [(33),32]5 [(asbs)asbal s [(CCH),sCH]; 0.341
147R . [(3332),32]4 [(asbsasby)sasbel 5 [((CH);CH),CCHCH]; 0.367
159R  [(33)g32]5 [(a3bs)gasbol 5 [(CCH),,CH]; 0.340
174R  [4(33)35(33)5]5s [as(bsas)sbs(azbs)sls [G(CCH),CCC(CCH) 115 0.310
231R [(33)1232]5 [(asbs)i2asbs) 3 [(CCH)ysCH]5 0.338

BE#%, HINHRMWEBEELEL TS, 2D Wyckoff 25 EAAFRMEFTHBEBRVUBRBREEOR

ORERBHEILICHD £HIKRINTVWE LD IL, £RI S
A TN RNERO C OIS ENTRNEED H O
BAEPOEOT>TNDEEZHIENTES.
T, RO NHRYE x, ZR/AR) T4 Tofhd H OEHE
LERT B L,

-

x,=H O¥/(C O¥+H O¥)=H O¥/7Z, (2)

BAREY T AL TIZHONWT, ZOE%EEE LT Table 3 &
GRITRU 20 xy WALAMD 3C T 0, 7Y §iHl
AHRTHH2H T 1 THY, oKX 54 7Tl
0.25~0.5 TH 5.

®

BRSNS ERE X, &?ﬁ%ﬁﬁ&@ﬁg%% Fig. 1 IZ/R
F. x,=0D BHH (3C) IWIEMO>DT—IHWdH -2
ﬁ,@%ﬁ—bt%%,%ﬁ@@ﬁumfﬂ%zme&
251z, xp DSREWVIE D WL ERIRHIA D 5 HHA
BHo-T, ZDEHDENKELBBEILEERLTND
EEAD. ZO&)BFREIBERE, BB nlitko
TEEINSEEbh, BB 28505, N
FROEBCHIEBRENSTERT VI EEZRBLTY
5EHIC8bhs.
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W X

2.53 #

Mean distance between ]ayer‘s//i

2.51 1

Proportion of hexagonal stacking, x

Fig. 1 Relationship between the proportion of hex-
agonal stacking (x;,) and mean distance between
layers

@®:3C, &:2H, [J: 4H, O: 6H, +: 174R, X:
other polytypes ’

3 X HREHT T — ¥ D Lk
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2T, K IEEK, AN XHRE, XKoo
HFEIEBRETREDLES F IEERT,
(LP)=(14cos?26)/(sin?0-cosf) 1x 11— L ¥ YV EXHE
T, m BZEERT, 4 3RRET, VIiERO RS
B, e M IBERT, o IRMEFORBETH 5. B
WO X REFrErz2HO 254, BROKRBRIUREZ «
ETBHE, A=1/(2u) 0, BT ETAICHK
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Fig. 2 X-Ray diffraction pattern of silicon carbide abrasive gfains (G #3000)
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Reinvestigation of crystallographic data and X-ray diffraction data of silicon
carbide for polytyge identification purposes. Jun’ichi ITo*, Masaaki IWATSUKI and
Tsutomu Fukasawa™* (*General Technical Research Laboratory, Showa Denko K. K.,
2-24-60, Tamagawa, Ota-ku, Tokyo 146; **Department of Applied Chemistry and
Biotechnology, Faculty of Engineering, Yamanashi University, 4-3-11, Takeda, Kofu-shi,
Yamanashi 400)

Ordinary products of silicon carbide are mixtures of the polytypes, consisting of the 8-
phase of the cubic system and many kinds of a-phase of both the hexagonal and rhom-
bohedral systems. In addition, their crystallographic and X-ray diffraction data lack
consistency among important literatures, such as JCPDS files and Wyckoff's book.
These factors have, so far, made the study of silicon carbide difficult. In this paper,
many data of the lattice constants collected from the literature are compared and
discussed. The a-axis length of hexagonal lattices, which should be constant, was stan-
dardized as 3.081 A in consideration of experimental results by the authors and the values
in the literature. The c-axis lengths were corrected using the standardized a-value and
¢/a axis ratios in the literature. Furthermore, interplanar spacings and intensities of dif-
fraction lines were calculated using the standardized and corrected lattice constants and
atomic position data. The results were compared with each other and with data of real
samples measured by the authors. The present study makes the identification and study
of the polytypes easy.
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