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The Characteristics of TiC and Oxidation Resistance and Mechanical

Properties of TiC Coated Graphite Under Corrossive Enviroment

Shinichi YODA , Ikuo IOKA , Tatsuo CKU and Shokichi UMEKAWA”

Division of High Temperature Engineering, Tokal Research Establishment,

JTARRT

{ Receivgd June 29, 1982)

Core region of the Very High Temperature Gas Ccoled Reactor (VHIR)
consists mainly of polycrystalline graphite whose mechanical properties
degradated by corrosion resulting from such impurites as O2 ,H2O, and CO2
in coolant He gas. Mechanical properties and oxidation resistance of TiC
coated graphite under corrossive condition were examined in orcer to evaluate
the effects of TiC coating on preventing the graphite from its degradation
in service condition of the VHIR. Characteristics of TiC ccating was also
examined using EPMA. Holding the specimen at 1373 K for & hr produced
strong interface between TiC coating and the graphite, however, microcracks
on TiC coating was observed, the origin of which is ascribed to mismatch in
thermal expansion between TiC coating and the graphite. Oxidation rate
of TiC coated graphite was one-thirds of that of uncoated graphite, which
demonstrated that TiC coating on the graphite improved the oxidation
resistance of the graphite. However, debonding of TiC coating layer at
the interface was observed after heating for 3 tc & hr in the oxidation
condition. Changes in Young's modulus of TiC coated graphite were a half
of that of unccated graphite. Flexural strength of TiC coated graphite
remained at the original value up to about 4 hr cxidation, therafter it
decreased abruptly as was the trend of uncoated graphite. It is cencluded
that TiC coating on graphite materials is very effective in improving
oxidation resistance and suppressing degradation of mechanical prcperties

of the graphite.

Keywords; VHTR, Mechanical Properties, Graphite, Oxidation Resistance,
TiC Coating, Flexural Strength, Ycung's Modulus, Debonding,
Oxidation Rate, Mismatch, Thermal Expansion

*) Research Laboratory of Precision Machinary and Electronics, Tokyo

Institute of Technology
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Table 1 Impurites in He coolant gas for various gas cocled

reactors.
AR A <

H, G, N, CO COs H,0
BT ® pm
VHTR CARRI) 2 0.2 0.2 2 0.1 0.2
Dragon 1 0.1 0.1 0.1 —  ~0.1
AVR 10 1 5 30 10 <0.1
Peach Bottom 10 1 1 0.5 <0.05 <0.5
Fort St. Vrain  [8~10 0,2~0.6 5~10 2~3 0.5~1.5 3.6

Table 2 Chemical composition of as-fabricated and after heat
treatment specimens analised by EPMA.

As-fabricated

Exposed to 1373 K

Ti {%)
C (%)

C/Ti

56.9
43.1

.72

36.8
62.8

1.72
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AR 5 2
ANE D ORI
HZO ] 02 r (302 ! Nz
Wt A R
[ H0r @O Oyr Hyr
10 (EED BacEss (IN8)
ci0,22 00 COHH, = CHHL0
+HO = ~
CHLO N COHH0 Coz’izrcomzo
C+C02.\_.. 200 CH4 < Cf2H2
N —
COHLO = CO 4, CH,+H,0 & CO+3H,
> RN =
C+2H, = CH, (V) , & O,
CO+3H,, = CH,+H = =
, S CH 0 «———  2HONG CHI,

*.%E;?i‘j: He He+H20, 02, Nz, COz, COJ Hzl

CH, (QN),, HON, HARERY

Fig. 1 Oxidation reactions occuring in VHTR for primary
coolant system.
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TiC (ION PLATING) ‘
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Fig. 4 X-Ray diffraction patterns of TiC. (a) As-fabricated
and (b) exposed to 1373 K.
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Fig. 5 X-Ray diffraction patterns of standard TiC.
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(a)"

GRAPHITE

ESIN

(b)

(c):‘"

10pm 20 pm

Fig. 6 SEM and scanning X-Ray micrographs of TiC coated Graphite.
(a) SEM micrograph of TiC coating surface, (b) Ti X-Ray
image, (c) C X-Ray image, (d) SEM micrograph of TiC/graph-
ite interface, (e) Ti X-Ray image, and (f) C X-Ray image.

TiC
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(d)

— A
10 pm 20pm

§FM and scanning X-Ray micrographs of TiC ceoated graphite.
(a) SEM micrograph of TiC surface, (b) Ti X-Ray image,

(¢) C X-Ray image, (d) SEM micrograph of TiC/graphite
interface, (e) Ti X-Ray image, and (f) C X-Ray image.

GRAPHITE

RESIN

TiG
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Jjﬁ‘t‘(‘(‘(\&y TIC
‘*(\\'\\‘\(}\x\\\‘\
SERSENINNN GRAPHITE
' - Ugy
|
;"c;gx_

Oc: STRESS OF COATED LAYER

Jg: STRESS OF GRAPHITE

Fig. 8 A model for calculating thermal
stresses caused by mismatch in
thermal expansion coefficients.

(a)

o T
4 L e .
' RESIN GRAPHITE RESIN GRAPHITE
TiC TiC
—
10pm

Fig. 9 SEM micrographs and line profiles of the cross section
for TiC coated graphite. (a) As-fabricated, and
(b) after 6 hrs at 1373 K.

fon plated
+1100°c,6hr

— }
Hhmm

Fig. 10 Appearances of TiC coated graphites subjected to
50 thermal cycles in air. (a) Ion-plated TiC and
(b) TiC coated graphite after 6 hrs at 1373 K.
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Fig. 15 Weight loss vs oxidation time corresponding

to service time of VHTR.
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Fig. 16 Burn off vs oxidation time diagram,
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)

e

(a) (b)

Fig. 17 Photomicrographs of IG-11 graphite before and after oxidatiocn,
and the surface after debonding of TiC coated graphite.
(a) As-fabricated, (b) after 2 hrs oxidation, and {¢) the
debonding surface of TiC coated graphite after oxidation.

TiQ2
A] TiC )
C+Or~COn
O //b/ﬁ
L1
(a)
o ¢ GRAPHITE
11
07]
L]
< TiC~ C+0~COn
(b)
s —— =
—
GRAPHITE
Oz—jEEEE:

Fig. 18 Models for debonding process due to oxidation
of TiC coated graphite. (a)} Porous TiC, and
(b) cracking of TiC on graphite.
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(a)

Uncoated

3mm

Fig. 20 Appearance of fracture surface of IG-11 graphite and TiC
coated graphite after several hrs at 873 K in air.

(a) Uncoated graphite and (b) TiC coated graphite after
20 hrs.



