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Abstract

Ni-P electroformed layers were investigated for developing a steam generator tube repair technolo-
gy in PWRs. The effects of an additive, RPP (Reagent over Pitting Protection) and agitation on me-
chanical properties and microstructure of the layer were evaluated. The addition of the RPP showed
to inhibit the formation of pores, to refine the grain size, and to increase the residual stress in the
layer. However, the agitation of the solution during electroforming was observed to increase pores in
local regions of the electroformed layer, resulting in decreasing its mechanical properties. The heat
treatment of the layer at 343°C for 1 hr. precipitated the very fine particles of Ni3P in the layer, which
inhibited grain growth and increased microhardness.
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A A2 B B4 gle 948 48, ¥ W oulel 2& 23 A 10em X 1lem X 0.03cm (T)
A A A TREAA 2 sE B A o] @72 A Fsldch
48, vtz g 573 7AA AE T Ni-P AFZ9 714 S4 3 wA x2d) v =
ol ol 2 Bl o 2 njreEu glnt? A 7}A RPPe] %488 doliy] ¢)slo] RPPY ¥&
F2 A4HE EF2S NP Fo2 2aid 0~3nt/ £ B £FA A TIEA 7
A Eg8dE o] g3t Ar|Fxdrt o] =g&Y o, aytel] i3t FFe dolrr] 3] 2EY
& e =78 vls) Ni-P dF2e] HH-gFHo| o E o] & 70rpm 5 wREIYTH AFE AlZ A
S 31, gFa 0] wrh £ AR HrHE P ~EFo]l g E lx @Yy YEd AE E 2
o o8] L&A NisP7} A&= ] Zener Drag & ERE AF2E 4A 22T 7 U] dF5 54
%E Jebdoza A EE A st A Hol Hajo] golalrt 714 A EAS Hrtsh] A A
ulAaA =He e 2 doh e Ni-P F =547 AAAE S At AGAHELS ASTM
ZF3L &} AGH By & 222 AHTFE E8-94A9] subsizeE 73t ALg3tln, AW}
Wsly] 98 oz Algstks v g HAES T2 7HER18E & wiAsk] 918 EDM (Electro
ECTE AISE & glivs @] 9lr} dhvkshd Discharge Machining) 7}22S &9t} A A He
ECT ®#& vja4d Aot d4slmg AAd s Instron 88722 Algsle] WM& & 0.1mm/mino 2
el = Ni-P A 330 = AM-E 4 glo] W&ol th ANl oA 22 e JeolAle) FAMAAER 7
2 =FAE Ni-P AFF0l 93 &4 ddd JSM52008 Aba-sted 7153 e sl on,
By7le MEe f 7124388 sldem o] g & Oxford Link (Model ISIS-5947) EDX7} ¥3€ %
8t ol AFZe] 7IAA e s, 7 AN % 2000FXE ALS-sted dAlet HE=
Hz2 s gaEsadnh #EEA . TEM A1 H2 90% Acetic acid+10%
Perchloric Acid €& o] &3le] 10°C, DC 20V
2. A9 %702 A E v} (jet polishing) sed | 23193 o}
Ni-P §54FE 3] SsiM NigF9e 4 3. Ant 3 o3
A AS, P FEYLE olQlAe At o,
a9 PtEFE Tig %= 2 Stainless Steel & 3.1. Z|HIA EA1} o|M| ==
502 ARt AFAE L Table 19 et 2 M7=l ] HIH Y A2 EREY

Table 1. Eectroforming Process Conditions.

Current Tem RPP
Sample No. | Solution Density cmp. pH o Agitation | Heat Treatment
p (’C) (Additive, mé)
(A/dm?
P1 X X -
P2R 0.5 X —
P2 0.5 0 -
POt Sulfamate 10 50 1 05 0 343°C. 1hr
P3 2 0 —
P4 3 ) —
Sulfamate = Ni (SO:NH,) . 1.39mol + H;BO; 0.65mol + H;PO; 0.018 mol
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Fig. 1. Sample appearance variation as a function
of process condition. (a) P1, (o) P2R (c)
P2, (d) P3, (e) P4.

Fig. 2= 9#AA A% &3
P1, P2R, P2, P2Ho| 4] Z+7F
AEE el PlET P2oIA 9] 22 A%
Y Z7] et i FEd SV gEed Ao
AT} Fig. 3& P1, P2, P2H tf & TEM A}l o]
o} A% Y =A7|E v stA Pl, P2, P2H A 42
100nm, 50nm, 55nm¢! Aoz Fhelx)o] oko] s

__ 500} .

£

F Y

% 400 hd

@ A

(]

[

g n P

E 300l ® PR

o n A P2

é’ @ PH

200 L L L
10" 10° 10' 10°
Annealing Time(min) at 343°C
Fig. 2. Microhardness.

& A & F3 gl Plef vlale] P2, P2HS] ¢
A =71 Zae A7HA RPPe o &) z|uj 2 el Ao
2 gt dusid, dutd oz Hitdl = 84
eSS SV EZN ZAHY FZVE AAAT
s gke ofd ARkE ERE VRE AeE ¢
A U] Wit Azt A 21471 E vi=
719 Adie gutE A sd dE a7t 35
ataL At o= Hall-petch A4 dX & + A%
ol 2R Y A7} #42EFE Frrt Fr8hHs 7,
o2 Bz AE F UUE A FIE T4l
d& 4 U] dEe?. Erb”+ Ni-Fe-Cr &&3
Fo N ARG 217 G2 B4E A0EA A F
71g Bl 25nm 249 27 ol Tl F7HE
Aol FabA il 3191tk Cheung!”& 12nm 23 ¥
27) o1l 9ale) AR paTTT AR,
ole]t Qo 2= Mg o] W'l Eikereep'”,

A7
o @ §3 27} 7| PRE AFHY F WA

Fete] dxge] uwE P2HY]
AE A NiPe A& odt Aoz gy
Fig. 39} (@9lX #H& Fo 2 Hol:= 9aE0] &



292 s e 4349 A4s 2001

Fig. 3. Transmission electron micrographs showing
gran size and precipitate for (@)P1, (b)P2
and {(c)P2H.
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Fig. 4. Stress-strain curve for P1 and P2.
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Fig. 6. Scanning eletcron micrographs showing porosities of surface and fracture surface for
Pli(a b c d) andP2(e f, g n).
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