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Intra-Laboratory Correspondence
OAK RIDGE NATIONAL LABORATORY
Solid State Division

Tos A. R, Olsen  Dates June 3, 1958
Froms A, E, Richt

Subjects Metallographic Examination of Components and Coupons from HRP In-Pile
Loop L-2-19 ‘ ,

Introduction

Metallographic examination‘oﬁ fepresentative components and coupons
from HRP In-Pile Loop L-2-19 has been réquestéd. This loop operated for a
total of 1149 hours at 280°C in beam hole HB-2 of the LITR during which period
the reactor logged 2705 Mwhr of operation.

Specimens from the loop components which were examined included

sections from the nose of the core cap, pump outlet piping, pressurizer body; - '

' pressurizer heater lines, the sampler line capillary tubing, impeller shaft,

and the thermal barrier. In addition, the following corrosion coupons were

examineds SA-1607, SA-1610; SA-1615, SA-1620, SA-25 (347 S.S.); SMA-1, SMA-L,

'SMS-1, SMS-3 (30LL 8.S.); SL-75, SL-78 (L30L S.S.); ZB-L6, ZB-L9, 2B-7L,

ZB-2, ZNN-2, ZNN-6 (Zircaloy II); 2Z-1, ZZ-l (Xytl Bar Zr); TD-35, TD-L3,.
TD-48 (Ti 110AT); and IN-2 (Incoloy). Ten stress specimens.werg also examineds

SL-15, SL-16, SL-19, SL-20 (L30L'S,S.); TD-1, TD-2, TD-3, TD-L, TD-11, and

. TD-12 (Ti-110AT). Three corrosion coupons from In-Pile Autoclave L532Z-111

were also examined with this gpbup of specimens: 8S-111, SS-llB; and S$8-115

(347 S5.8.).




Results

Examination of a section from the nose of the core cap revealed no
evidence of corrosive attack (Fig. 1).

fhe surfaces of sections from the loop pressurigzer body showed
slight geﬁeral corrosive attack at the grain boundaries on' areas exposed to
the vapor phase of the fuel solution (Fig. 2). Sections exposed to the fﬁel
solution proper showed only slight general sﬁrface roughening (Fig. 3).
-0f particular interest is the absence of surface scale on sections from the
vapor phase of the pressurizer and the pecuiiar "needlelike" oxide on
* surfaces below the liquid level..
; A section of the ldop piping at the pump outlet showed no evidence
of»corrosive attack or oxide scale formation‘(Figo<h),

Sections from the pressurizer heater lines showéd'evidenéé of
‘radial cracking.such as noted in previous loops. A thin oxide scale
formation on all interior surfaces with only slight general surface roughen-
ing was noted‘(Fig° 5.

" Sections from the sampler line capillary’thbing showed rather

severe intergranular attack to a depth of 3-4 mils in the region within
‘l/bﬂ‘of the pump outlet piping junction (Fig. 6)1 The interior surface of
the capillary tubing was covered with a heavy (1 - 1-1/2 mil) oxide scale,
The IineAitself appeared to be plugged by an oxi&e "yall" in the region of
heaviest ihtergranular attack, The oxide "plug" islshown by the "open"
arrow and an area showing a peguiiér intergranular oxide formation of the
capillary tubing material is indicated by the solid arrow. Sections slightly

(<1/8") beyond this oxide "plug" showed only slight general surface
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roughening (Fig. 7). Large spherical oxide deposits were also found inside

ggg-tubing (Fig. 8). It wili be noted that they appear to consist of a
Iighter;colored, pofoﬁsuinner sphere coated with a darker, more dense outer
scale,

Sections from both the impeller shaft and the thermal barrier
showed heavy cdrro;ive_attack in a rather restricted reéion° Maximum depth
of attack ﬁoted on the impeller shaft is estimated at 12-mils, and occurred
in an abrupt manner toward one end'of the shaft (Fig. 9)... Sections from the
thermal barrier also showed a similar type of attack in the most heavily
corroded region (Fig. 10); however)the transition reéion between this area
and areas showiﬁg no attack was characterized by a pitting‘tYpe o attack
suchAas shown in Fig. 11l.

Tﬁe new physical shape éf the corrosion coupons caused numerousb
difficulties in remote handling and mounting of £he specimens'fér'métallograbhic
examination. The first three groups of coupons from this ééries of specimens
were sectioned too deeply, and, as a result, examination and dimensional
meaSuréments of the ears of thesé groups were not possible.

- As would be expected from the weight loss data, éorrésive a@pﬁck
on the 347 S. S. coupons varied from a heavy pitting type of attack“én
éouﬁon SA-1607 (Fig. 12) ‘to only slight general surface roughening on
coupon SA—lé?O (Fig° 13). |

” | Examination of the 30lL S.S. coupons revéaled no evidence of
localiged attack for either thé annealed or the sensitized specimeﬁs. The

typical appearance of two of these specimens is shown in Fig. 1h.
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Coupons SL-75 and SL-78 showed no evidence of corrosive attack.
Coupons of the zircaloy-2 and zirconium types showed no evidence
of localized attack. Typical exaﬁpies of the surfaces of these coupons are
shown in.Figs. 15, 16, and 17. | |

A1l surfaces of the Ti-110AT specimens were smooth and even with
no evidence of corrosive attack., The submitted incoloy specimen showed slight
general corrosive éttack near the center of the coupon (Fig. 18).

| A1l L30L S.S. stress corrqsion specimens exhibited severe localized
corrosive attack at both ends and beneath the fulcrum of the specimen. A
typical example of this attack is shown in Fig. 19, at-the end of specimeh.
SL-20. Maximum depth of attack was 13 mils and'was characterized by a
heavy scale formation on all corroded areas. 'Attack‘at thé fulcrum of fhe
specimens was of a similar nature but much less intense - (2 mils ma%iﬁum);
Strangély, the compfessién face opposite the heavily corroded ends of the
specimén also showed a similar, but less intense, type of corrosive atta;ko
‘This was not true of £he tension face opposite the fulcrum or at the exposed
ends of the specimen., Except for these areas of localized attack,'the
" remaining surfaces of the coupons were smooth and even with no evidence of
corrosive attack (Fig. 20);

All surfaces of‘the Ti-110AT 'stress corrosion specimens were smooth
and even, showing no evidence of corrosive attack (Fig. 21).

Corrosion coupons from the in-pile autocléve L53Z-111 showed long
"canal-like" pits, however, metallographic exaﬁinatioﬁ of these specimens
revealed no abﬁormal structure which could account for suc¢h a type of attack.. -

| A summary of dimensional measurements and metallographic results is
given in Tables I, II, and III,
-5 ‘
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. TABLE I

Summary of Meﬁallographic Examination of Loop L-2-l9ngorrosion Coupons . -

. - 1 Ear Center Ear
Coupon 3 Calc. Thick. Thick. Thick.
No. Mat‘l Penetr. ‘ In.; In, In. Surface_Appearance
SA-léO? 3&7 S.S. 3.29 mils R .057 - Severe pitting attack (2 mils) on all exposed
: surfaces, ‘ _ :
SA-1610 " 1.48 p— .056 - Pitting attack (1 mil) on exposed surfaces.
SA-lélS " Gain - 057 - ~ Slight generai surface roughening.
SA-1620 n Gain -~ 060  -- Slight general surface roughening.
SA-25 woo - - © L,058 - ‘ Few small scattered pits on exposed surfaces.
SMA-1 30LL S.S. 0.52 057 -056 057 | Smooth, even - slight surface undulation.
SMA-L " . Gain .057 .QS? " L.057 Smooth, even - no evidence of attack.
SMS-1 " 0.15 .61 089 .06l  Smooth, even - slight surface undulation.
SMS-3 o o Gain ' °060 © ,059 .059 | Smooth, even - no evidence of attack.
SL-75 L30L S.S. 0.L8 -- 060 - ' Smooth, even - no evidence of attack.

SL-78 AL - Gain - .058 - | Smooth, even - no evidence of attack.

_ZB-hé Zr;2 1.05 - .058" -~ . Smooth, even - slight surface undulation.
za;hg " o 0.56 . - - 2059 = -- " Smooth, even - slight surface undulation. |
ZB-7L o : Gain - .060 - Smooth, even - no evidence of attack. ’
ZB-2 n 0.L45 .057 | .058 2059 Smooth, even - no evidence’of attack,

9 ZNN-2 o 0.55 .058 -05hL .060 Smooth, even - no evidence of attack.
Gz - Gain L0600 .059 .061 Smooth, even - no evidence of attack.
2% (Continued) -6 =
Je?) : :




OGBS SGGSSSSSSSEEEESSSSSA

TABLE I (Continued)

Summary of Metéllographic Examination of Loop L-2-19 Corrosion Coupons

-

o 1 Ear’ Center Ear
Coupon ST Calc," . Thick., Thick. Thick:
No. Mat'l - Penetr. - In. - In. In, Surface Appearance
22-1. Xtyl BariZr 0,60 mils  .060  .059  .062  Smooth, even - o evidence of attack.
2z-l ’ o & ST .060° T .038 2061 Smooth, even - no evidence of attack.
TD-35 Ti-110AT 0.20 - - .055 - Smooth, even - no evidence of attack,
TD-43 Ti-110AT Gain - .057 -- ' Smooth, even - no evidence of attack.
TD-48 Ti-110AT Gain . - .058 - ~ Smooth, even - no evidence of attack,
N-2 Incoloy 1.22 . 2060 - .056 - 061 slight (< 1/2 mil) surface attack.
1 Data obtained from A. R. Olsen.
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| TABLE 1I

Metallographic Results of Loop L-2-19 Stress«Corrosioﬁ Specimens

- Calc.

Specimen ] Penetr . Thickness - In, - ~ _ - -
No, Matfl ' Mils EndaAﬁl} | End-B*® Center Surface Appearanc§
St-15  L3QL S.S. 0.31 061,053 <061 Severe attack at both ends of specimen
SL-16 n © 0,33 . 061 . T 023 .060 with slight corrosive attack beneath
SL-19 ' 0.63 .060 .0lb .061 fulerum. Other areas smooth and even with
-SL-20 " 0.30 .060 .056 .06l . no indication of attack.
™m-1 - Ti-110AT 0.12 062 - »062 Smopﬁh, even - no evidence of attack.
TD-2 " 10012 .060 - : 061 Smooth, even = no evidence of attack. 4
TD-3 " 0 -056 -- - .056 Smooth, even - no evidence of attack.
TD-L " 0 ~ .058 - 057 Smooth, even - no evidence of attack.
S TD-11 L - 056 - 055 Smooth, even - no evidence of attack.
TD-12 ‘ on ~ - 051 0 -- 052 'Smooth, even - no evidence of attack.

* End thickness at area exhibiting no corrosive attack.

Minimum specimen thickness at corroded region.
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TABLE III

-In-Pile Autoclave L53Z-111 Coupons

‘Thickness - ino

Coupon ' L , ~ Surface
No, Mat'l Wt. Loss End Center End Appearance
8S-111 347 S.S. 8.2 .062 .061 0062 Nume:ous.canai like pits
_ ' ~ ; approximately 1/2 mil
deep. - '
55-113 " 8.6 .059.  .058 .058 Numerous canal like pits
: o approximately 3 mils deep.
sS-115 " 5.0 061 LO6L .060 No evidence of attack.
. A
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RMG 2233 Fige 7 250X
Sampler Line Capillary Tubing

Fig, 8
Oxides in Capillary Tubing
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RMG 2235

RMG 2236

Fig. 9
Impeller Shaft

Fig,.10
Thermal Barrier
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RMG 2237

RMG 2238

Fig. 11 250X
Thermal Barrier

Fig, 12 250X
Coupon SA-1607
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RMG 2240

Fig. 13
Coupon SA-1620
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Fig. 1k
Coupons SMS-1 and SMA-L
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RMG 2213

Fig, 15
Coupons ZB-L6 and ZB-T7L

Fig. 16
Coupons ZB-2 and ZNN-2
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Fig. 18
Coupon 1N-2
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RMG 2246 Fig. 19

Stress Specimen SL-20 (End)
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Stress Specimen SL-20
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Typical Ti-110AT:- Stress Specimen
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Fig, 22 250X
Coupons SS-111 and SS-115
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