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Determination of the Amount of V.C, Precipitates in a Low
Carbon Vanadium Steel by Means of Slip Trace Method

Synopsis:

Mitsuru TANINO and Toyohiko SATO

Determination of the amount of V,C, precipitates was carried out by means of “Slip Trace Method”
using a 0-0394,C-0-259%V steel subjected to a homogeneous dispersion heat treatment including solution

treatment, cold working, and aging.

Assuming that the shape of V,C, particles was spherical, the calculated amount of V,C; precipitates
was 0°1849,, which was about 419, larger than that obtained by an electrolytic isolation method

(0-1339)..

The origins of the error introduced into the calculated amount  of the precipitates were discussed.

Large errors were caused by inaccurate measurement of the shape of precipitates.
the specimen (thin foil) surface can also become the origin of large error.

The inclination of
In addition, the volume

fraction of precipitates tends to be overestimated by the existence of strain fields and/or dislocations

around the precipitates.

It was concluded that application of the “Slip Trace Method” to b.c.c. alloys was rot so easy as
to f.c.c. alloys since the determination of a unique slip plane from a pair of slip traces was diffiicult

because of multiple slip system.
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Table 1. Chemical compositions of sp=cimen nsed.
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Fig. 1. Slip trace formed by intersection of a slip

plane (HKL) with the foil surface (hkl).
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Table 2. Foil thickness calculated by slip trace methop.

No ' (hkl) | [pqr] | (HKL). ¢

No | (bkl) ! (par] {(HRL)| ¢ |

1| (331) | 4331 (011) | 21174|

2 | (331) | r4331| (o11) | 1898 |

3 (132) | Qi | (21 | 2095

4 (132) | r111y3 ) @11y | 2052

5 | (331) | [4341| (101) | 2190 |

6 | (1) | [1211] (10) | — EEcSE
7 (021) | 3241 (211) | 2021

o | oz | B2\ G as0ee 2mohs
9 (021) | [3241 | (211) | 2156 #)

10 (111) | [1341 | @132) 794 . .
1L | (3B1) | (1181 | (110) | 1825 Nr%fiﬂ%i
12 (331) | [1161 | (110) | 1825% -

13 (331) | [1161 | (110) | 1825% ”

14 (331) | [1161 | (110) | 1825*% 4

15 (331) | [1161 | (110) | 1825* 4

16 (331) | (4331 | (o11) | 1825

17 (331) | [4331 | (0l1) | 1825

18 (132) | [1111 | (101) | 2825

19 (132) | [1117 | (101) | 2825

20 (132) | r[1113 { (101) | 2595

21 (132) [537] (211) | 2831

22 (110) | [1111 | (Q21) | 1211

23 (331) | [3431| (101) | 2409

24 (110) | 1113 | (ot1) | 3158

25 (331) | [1211 | (101) | 3128

26 (331) | [5761 | (112) | 1572

27 (331) | [259]1 | (21T) | 2571

28 (111) | [1217 ] (123) | 4950

29 (I11) | 1211 | (123) | 4200

30 (1T1) | 1211 | (123) | 2760 *Extinction
31 | (28) | 3121 ] (112) | 2515+ F%%:ge 0

32 (531) | [12f1} (101) | 2990A!
33 (331) | [453]1 | (211) | 2006
34 (331) | [4531 | (211) | 2514
35 (331) | [453] | (211) | 3108
36 (1T1) | [532]1 | (132) | 1848
37 (001) | [230] | (321) | 2700
38 (111) | [5323 | (132) | 1925
39 (1T1) | 4311 (231) | 2344
40 (331) | [3431 | (loI) | 2418
4] (331) | [3431| (101) | 2774
42 (331) | [7561 | (112) | 1048
43 (571) | [655]1 | (O11) | 2494
44 | (331) | (1161 (110) | — |EEKEE
45 (021) | r1121 | (110) | 2208
46 | (221) | [2323 | (101) | 1339
47 (021) | [112] | (110) | 2471 -
48 (032) | [5461 | (211) | 2195
49 (111) | 2351 | (231) | 2387
50 (221) | 3541 | (112) | 1947
51 (132) | [1117 | (101) | 2984
52 (331) | 3431 | (101) | 1825
53 (021) | [100] | (011) | 3375
54 (111) | [253] | (213) | 1617

55 (111) | [2111 | (o11) —  |EmWcEE
56 (111) { [1111 | (oI1) | 1511

57 | (111) | [21T1 | (o11) | — |HEc®E
58 | (110) ? ? — MR AE
59 (091) . - . Zlcqitrace
60 (031) | [313] | (101) | 1635

61 1 (111) | [121| (10D) | — |EEk®E

29y P hv—20AEREE [121] TH Y, ZRITER
(101) H ECHEB) LBRERE hich D BN X h
5. (331) @& (101) WA THEL61°44° Thoh
B, AV vy FhLr—2DFFIB1700A XxoEEL LT
3128Am8 50 %. FHic LT Photo. 2 (b)DiBaic
VIJE/EIE 2208A X 75 5. Photo. 3(a), (b) DEAR
RENCEMBPEDTWARVHER Y v 7 b — 2508
RIZEHTHD, Ui O>THEELMEC kDD Z &2
TE5.

Photo. 4 (a), (b)OEFAIIE 1 DDMRERNIC 2 HA)
FRIFIFMORY v F b —2/BHESS. 7T
W72 X S, LI EHRTITETNFhOFRRO

2y P b= RXOENEL LR O FiE 2RAT
5. 7o ZE, Photo. 4 (a)lic B\ Cik [324] Bk &
O (1001 FoRY v F hr—2mbrhFh 22914
KLU 2324 OBEEHEERELDT, ZOEBICo
WTIEZ OFISE2308A 2 EEE LCRA LA ik
i Photo. 4 (b)) TIXFEBREE L LT 2387A %R0
Photo. 5 (a ) DiE4icd [116] K L of [433] %
M 2EBEDRY) v P ML —2APIFLETSD. L Lk
25 HRTE EEmICEE s (110) H_ Lok o@Esic k-
THELILDTH D DEFERECEMER LSSV L
TeBOTHEDRY v P v — AR E AW BE RS
Bl BRERBHES No l1~15 oL TIX (1161 %



2Y o7 FL—RBEICX DB VG MHBEEROTAE 1975

Photo. 2. Slip UZCCS with 201”1%”:1 d‘;‘locatﬁnszs Photo. 4. Multiple slip traces; (a) Area No 8,
(a) rea No 25, (b) rea INO %o. (b) Area No 49.
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Photo. 3. Slip traces without original dislocations; R e T
(a) Area No 52, (b) Area No 4. - Photo. 5. (a) Area-No“16,-(b) Afea No 28;
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Photo. 6. Curved slip trace, Area No 37.
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Fig. 2. Distribuiion of calculated foil thickness.
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Fig. 3. Size distribution of V,C; precipitates.
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Sw=0-579 fv
2185, _
SHEDEARFIC OWT DR FEn, BAEEMRDD D
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Y DT 7D THAL TR D, THhIEREF O VG,
WFOFHREDIELOX KHIETE b DEFE bR
5. fw OSHORMEREE 0°13~0°15% TH DD,
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Fig. 4. Distribution of calculated f% value.
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Table 3. Calculated amount of V,C; precipitates.

i [ '

No no | o(A) | ¢ (A) | Se(%) | Sw(%) | No no o' (A) | e (A) | Se (%) | S (%)
1 26 5-627 2117 0-266 1 0-154 32 ], 46 7-572 ¢ 2990 | 0°253 | 0-147
2 41 5-394 1898 | 0-284 | 0-165 33 56 12-898 2006 | 0625 | 0°-373
3 34 5-273 2095 | 0-252 | 0-146 ; 34 59 15-314 25141 0-609 | 0-353
4 34 4-857 2052 | 0-237 | 0137 | 35 65 17.846 3108 | 0-574 | 0-333
5 33 4-561 2190 0-208 | 0-121 T 68 9-000 1848 | 0-487 | 0-282
6 117 11-342 — — — L 37 | 55 !10-413| 2700 | 0'386 | 0°223
7 52 4-259 2 021 0-211 0-122 & 38 | 52 4-254 1925 0-221 | 0-128
8 48 5-524 2308 | 0°239 | 0-139 ; 39 39 5-517 2344 | 0-235| 0'136
9 40 4201 2156 0195 | 0-113 ! 40 47 7-025 2418 0-291 | 0-168

10 25 1-969 794 | 0-248 | 0-144 41 60 8-893 2774 | 0-321 | 0-186
11 34 5°613 1825 0-308 | 0-178 42 39 5-170 1048 | 0-493 | 0-286
12 42 4-679 1825 0256 | 0-149 43 64 5-621 2494 | 0225 | 0-131
13 31 6-418 1825 0:352 | 0-204 44 40 5438 — — —
14 40 5649 1825} 0-310| 0-179 45 37 3281 2208 | 0-149 | 0-086
15 45 9-251 1825 0:507 | 0-294 46 25 2806 1339 0:210| 0-121
16 32 4-782 1825| 0262 | 0-152 || 47 40 3:975 2471y 0-161 | 0-093
17 - 33 6°147 1825 | 0337 0-195 48 58 7:534 2195 0°343 | 0-199
18 o 4l 4372 2825 | 0-158 | 0-090 49 46 7+115 2387 | 0-298 | 0173
19° [T 55 11-220 2825 | 0397 | 0-230 50 19 4-438 1947 | 0-228 | 0-132
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of foil surface.
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Fig. 6. Change in projected width of slip trace
caused by inclination of foil surface.
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Fig. 8. Change in projected width of slip trace
due to variation of foil thickness.
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