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POST IRRADIATION I_AM_qA.TXON OF A NIG_, PIAT__ ,.. _j._-. -:!_._'

z,z (z -3o6) .-- , ..... -,-_,_

A .000_ inch thick chemically nickel plsted, 0-6_ alumnium clad, natural uranium, ,_.
internally and externali_ cooled, _anford production fuel element, which had ._

incurred a "side hot spot" during irradiation, _as shipped to the Radiometallur_y
Laboratory in June, 1959 for post irradiation examination. The slug was irradiated
to approximately _ MWD/T in C Reactor as p_rt of PT-IP-_7-A.

The examination was requested by personnel from Process En_eerin_, Fuels Prepara-
tion Department and Process and Reactor Development, Irradiation Preparation

Department to determine the irradiation behavior cf nickel plated fuel elements and
to aid in evaluating the nickel plated fuel element program.

s_ AND CONULUSI0WS

The presence of the nickel plate probably averted _ "side hot spot" failure. AI-Si

spheroidization and Ni-AI diffusion indicated that the maximum surface temperature
was 325-350"Cfor at least one hundred hours, however no qlou_hlng of the nickel
was seen in the "hot spot". !_

Sloughing of the nickel plate, associated with poor nickel bonding, was observed

near the cap end of the slug. The condition m_y have been ag_ravnted by the forma-

tion of hydrogen _as o__ginating from the diffusion of atomic hydrogen through and/
or from the nickel plate into the voids between the nickel and aluminum in poorly
bonded areas. 0bservatic_s prompted the establishing of tests of other nickel

plated slugs from PT-IP-207-A to determine _he+.h_er or not hydrogen _as was being
trapped under the plate. These tests are currently in progress.

The alumimun canwall was attacked inter_nularly in a few localized areas near the

cap end of the slug. The attack was observed only _here a crack in the nickel plate
coincided with an unbonded area of %he nickel and alumim_ There was no undercutting
of the plate by corrosion to cause slou_ug of the nickel.

DETAILS

The slug selected for examination was #iO of the 2OQ series and was irradiated in1675c.

Visual examination of the slug showed the nickel plate to be intac_ over the entire
surface of the slug with the exception of apprc_tel_ one fourth inch Of the side-
wall at the cap end and the weld at the base end of the slug. Some isolated areas
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• after discharge. A "hot spot" was observed which was approximately one and one_._!_i!_
fourth inches wide and extended from one-half inch from the cap end to the m__m_

of the "hot spot" was not possible as rib marks were i_i _Of the slug. Orientation

appeared %o be small blisters in the nickel. (Figure I. ) !_

The slug yam sectioned to remove a wafer from the maximum temperature zone of the
hot spot. Also, three can_l samples were removed from the slug, (i) a sample
containln_ a corrosion pit from the non heated ares at the midpoint of the slug
opposite the hot spot, (2) a sample from the "hot spot", and (3) a sample from
the proximity of the cap end containing nickel void areas and three of the small
blisters. After metallo_raphic preparation, the canwsll samples were immersed
in a solution of I0_ ammonium persuAphate-lO% sodium cyanide in water to etch
the nickel.

The sample from the "hot Sl_Ot" WaS _hree-ei_hths inches vide and included approxi-
mately one circumferential inch of the canwall extending from the center to the
fringe of the "hot spot". At least three intermediate phases were seen between the
nickel and aluminum. The extent of diffusion decreased as the least heated end
of the sample us approached and beyond .?5 inches from the center of the "hot
spot" no intermediate phases were observed. Extrapolating the preceedln@ observa-
tions, significant Ni-AI diffusion probably occurred over all the area outlined
by the dark fringe around the "hot spot". The lamln_r structure, normally seen
in chemplated nickel, had been annealed out of the sample. There was no sel_rstion
of the nickel from either the aluminma or the diffusion prodnct nor was there any
water penetration of the nickel plate, although cracks or pores were present in
the plate. Advanced spheroidization of the AI-Si was observed in the :sxinnm
heated area of the canvsll. (Figure i'_.)

The one half inch thick _sfer, which _as removed one and three fourths inches from
the cap end of the slu8 near the center of the "hot spot", _s cathodic vacuum
etched. Examination of the uranium shoved a uniform structure across the section
vlth no evidence of over-heating. The AI-Si bond was intact in both the interior
aud exterior _acketin_. (Figure IV. )

The _ se_ple fr_ the nickel void and blistered are_ us removed one half
inch from the cap end of the slug and contained a pox_ion of the fringe of the
"hot spot". The nickel plate near the cap end of the slug _s poorly bonde_ and
in ma_ locations _as completel_ massing. _n the port,on of the sample which lay
in the fT_n_e of the hot spot, severa_ isolated spots of inter_ranular attack in

" the C-_ al_ were note_. However, the _er_ar attack was observed only
where poor bondin_ of the nickel plate coincided with a crack in the plate.
_a_ loca_ion_ _ seen _ere there _ e_ther, po_ bonding or cracking of the
plate, b_ no inherit attack _as present. In some of the unbonded spots,
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the nickel and aluminum were separated by voids up to one and two mills thick. '
There _as no corrosion in these spots but it appeared that the nickel had been

forced a_ay from the aluminum. In other locations where more selzration _as ....
present the nickel had cracked and corrosion of the aluminum had occurred. A .... ,3
cross section of one of the blisters showed the nickel to be cracked and

corrosion present, but all of the dome shaped void was not filled with corrosion i
product. (Figure III.) In order to explain the sloughing of the nickel plating
from some of the fuel elements from PT-IP-2OT-A it had been theorized that the ;_.:
plating had been forced away from the aluminum by hydrogen gas pressure orisinating
from atomic hydrogen that diffused from the nickel into voids between the aluminum ;:
and nickel plate. The examination of the canwall from this slug tended to support

the theory strongly enough to pursue the question further and a test was devised
and is currently in progress to determine whether or not hydrogen gas had been .::."'_
trapped under the plating of other slugs from _-207-A.

The third canwall sample was approxi_tely one-half inch square and contained :i_i
a pit from a non-heated area at the midpoint of _he slug from the side opposite :.,:

the "hot spot" The sample was mounted so that a transverse section of th_ pit
was visible. The corrosion of the aluminum originated at an .010 inch wide break ,?.:.:
in the nickel plate. The area of corrosion was evenly dispersed from the break _

and was in the shape of a crude oval .040 inches wide and .O10 deep The i:'
aluminum attack was not typical of in-reactor corrosion and the nickel plate had .:,,.:
been shattered at the break, indicating mechanical damage. The nickel plate was _::
well bonded over the remainder of the sample. The nickel plate probably 3ms .::;!
damaged after discharge and the subsequent corrosion occurred while the slug _as .:.....•_

standing in the basin. (Figure IV. ) ;
'_5

The maximum temperature was determined primarily from the observations made of :i
the uranium and the Hi-Al diffusion. No _rain growth was noted in the uranium !!

in the "hot 8pot" area so the upper temperature limit was approximately 450°C.

Allowing for the temperature drop to the Ni-AI interface the maxlnmua temperature
at the surface of the aluminum would be 325-350eC. The temperature may have been

lower than 350ec but probably was not any higher. Extrapolating limited data
on diffusion in _ickel plated alumlnum can_,L1_l,it would require at least one - .
hundred hours at 35oec to produce the amount of diffusion observed. '"

Intergranular corrosion of the aluminum penetrated 30_ of the canwall thickness
where _ter entered the nickel plate in the poorly bonded area at the fringe of
the "hot spot". Had the aluminum not been protected by the nickel plate at the
cen_er of the "hot spot" where temperatures were much higher, _ater probably wo_Id

have penetrated the can_ and caused a rupture.

Radiation readings of 500 _r/hr were obtained from the slug through a 6.2 density
lead oxide viewing window, ten and one-half inches thick. Readings from non-plated

slugs with toe.arable neutron exposures and decay times are less by about a factor
of ten.
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_g. #_D=* .4e
llhe fuel elemen4ts received. I_ tl_e second view the sl_w_
rgSed 90e. _ eutline or tile hop spot has been inked. Cep
end of the slug ie te the left.

8_e._91t 30
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_anwall from the hot spot. _he _,::;!
maximum temperature zone is J _'!:i
he extreme right of the sample. ,!!
The areas from which photo- ::!:_i,.,_._
_icrograpk_ were el:tlakned _e_l_
mde_a.

1_111g. #12262 1,511 :'_
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• . -_ .,
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Neg. _$310 4#_ea 1 _ ]_eg. 012309 Irel P 41_1(15

. .i . ,...,,. ... , . _:._._,,.,j,,(I , ,d'

Beg. #_]!_8 _[llet) 3 _0_ 'NeE . 11l_3_6 _ea 4 _00X

_he_ho_ot:_B_grap]_ Q_She etch_l n_c_el_l_ate abeve _Rq_v t_e Ni-AI
dit'f_ in t_l_ "]lll_t" l_lla.

q__attc_ _P _e ._-._B_

No_. I1_3_z A_ 5

_/,_ _ in the "_ot _ot"
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1_g. _9 1_ Neg. #12605

T1o _as qlhre poor benOln_ ec_aa_ed with a fault in till _ate
ir_mOg_ulM _tta_k of tAe aluminum occurred• These deas we_
located at the edge of th_ "hot spot". Maximum penetratien observed
walk . 013 tnc}ces.

The two ph_crogra_bs sl_ow _ alack in _ _tickel and l_tllbonded

_____a w__be no .lJtac_ of _he _u4_aa_e_ c._se. _ l_l/lar
, _/_cal_l_ e_lled 'qk_IM_eO_bel, i_ seen in the

• ph_/c_M_aphs.

Metallography of the Plating, at tl_ Fringe of the "Hot Spot"
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Neg. #12149 60K Neg. I_169 60OX
Photomicrographs of the pit fr_ a _on heated area of the can. The
photo on the right shows the broken plate at the edge of the pit.

Macro photogr_h of the wafer

se_|pned_t-_ the ,hot Sp_".
_ annealing Is rDt evident.

Neg. #12459 2X

FIGU]_: IV,,
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