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—RnMnncMTiAi 
An Evaluation of the Sulfuric Acid-Sodium Ni t r i t e Etch for Zircaloy-2 

INTRODUCnOH 

A subcontract for the development of an etch for zirconium and zirconium-

t i n alloys was placed with Manufacturing Laboratories, Inc.1, ' An etch i s neces­

sary to remove distorted surface metal and contaminants embedded i n the surface 

by machining. The etch should not be harmful to corrosion res is tance, should r e ­

move up to four mils per surface in a reasonable time, should produce a clean 

surface with no p i t t i ng , and should be easy to prepare and handle. 

The present etch, which consists of 450 ml 10% n i t r i c acid, 50 ml 48# 

hydrofluoric acid, and 500 ml water, does not meet a l l the above specif icat ions. 

I t i s d i f f icul t to handle as i t must be stored in polyethylene tanks and hydro­

fluoric acid safety precautions must be s t r i c t l y observed. If any acid remains 

on the metal surface, impaired corrosion resistance r e s u l t s . Furthermore, the 

material to be etched must be vigorously agitated or channeling wil l occur, and 

the bath must be maintained a t 100 / 10°F. When material i s etched according to 

the specified procedure^ \ one mil per minute i s removed, and the bath is spent 

after approximately 56 grams of metal are dissolved per l i t e r of solut ion. The 

surface produced i s bright and smooth. 

The resu l t s of work done on the subcontract are presented i n the pro­

gress reports of Manufacturing Laboratories, Inc. , (3 .4 ,5 ,o 7,8) a r rj a r e to be 

summarized in a f inal repor t . A 'shot-gun' technique was f i r s t employed for 

screening many chemical reagents for etching a b i l i t y . A promising etch, consis­

t ing of 96.2$ sulfuric acid to which is added 120 grams sodium n i t r i t e per l i t e r 

of acid, was f ina l ly developed. This solution is easier to handle than the pre­

sent etch and the safety hazard of hydrofluoric acid i s eliminated. The tempera­

ture of the bath should be maintained below 105°F for optimum performance. 
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Specimen a g i t a t i o n i s not necessa ry ; however, ba th a g i t a t i o n i s re conm ended. 

With the s o l u t i o n maintained a t 95°F and a g i t a t e d , 0 .34 mi l per minute i s 

i n i t i a l l y removed; and t h e bath i s exhausted a f t e r approximately 20 grams of 

metal a re d i s so lved per l i t e r of s o l u t i o n . The surface produced i s not q u i t e 

a s b r igh t a s t h a t obta ined using the p resen t n i t r i c - h y d r o f l u o r i c e t ch , nor i s 

the mic ros t ruc tu re as c l e a r l y v i s i b l e . 

Three se r ious drawbacks to the e tch a re t h a t su l fu r f l o a t s to the s u r ­

face of the s o l u t i o n , a white p r e c i p i t a t e forms upon coo l ing , and the specimens 

darken upon removal from t h e s o l u t i o n i f they a r e not immediately r i n s e d i n wa­

t e r . However, the l a t t e r e f fec t can be minimized s ince the lower the temperature 

of the bath when the specimen i s removed, the longer t h e time permiss ib le before 

r i n s i n g i n wa te r . 

PRESENT EXPERIMENTS 

The present experiments were designed t o : 

(1) Investigate the effect of the su l fu r i c -n i t r i t e etch upon the 

corrosion resistance of Zircaloy-2 and to compare the corrosion rates of specimens 

etched by the su l fu r i c -n i t r i t e solution and the nitr ic-hydrofluoric acid solution. 

(2) Investigate the effect of residual etchant from both solutions 

upon the corrosion resistance of Zircaloy-2. 

1. Effect of Etch Upon Corrosion Resistance 

Samples of Zircaloy-2, 1" x l / 2 " x 1/8" were etched in the prescribed 

manner with the su l fu r i c -n i t r i t e solution and with the ni tr ic-hydrofluoric acid 

solution long enough to remove two mils per s ide. After weighing, the specimens 

were submitted to corrosion t e s t at 680°F in a degassed, demineralized water. 

The data, shown in Figure 1 and Table I , indicate tha t the sulfur ic-

n i t r i t e ffcch has no harmful effect upon the corrosion resistance of Zircaloy-2. 
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The surface appearances of the specimens etched with the sul fur ic-

n i t r i t e solution were not as black as those etched with the ni tr ic-hydrofluoric 

acid-solution. However adherent, lustrous oxide films were produced. The spe­

cimens are shown in Figure 2. 

2. Effect of Residual Etchant Upon Corrosion Resistance 

Samples of Zircaloy-2 were etched with the su l fu r i c -n i t r i t e solution 

and with the ni tr ic-hydrofluoric acid solution long enough to remove two mils 

per s ide . The etching solution was permitted to drain off, but no rinsing was 

performed. After the specimens were dried, they were corrosion tes ted at 680°F 

in degassed, demineralized water. 

The specimens, as shown in Figure 3 , were covered with white oxide 

films. The films present on the samples etched with the su l fu r i c -n i t r i t e solu­

t ion appeared to be somewhat more adherent than those on the specimens etched 

with the ni tr ic-hydrofluoric acid solution. 

The data, shown in Table I and Figure 1, indicate that although the 

residual etchants from both solutions have a deleterious effect upon the corrosion 

resistance of Zircaloy-2,, the weight losses of the unwashed su l fu r i c -n i t r i t e etched 

specimens were much less than those of the unwashed nitr ic-hydrofluoric etched 

specimens. 

Additional samples of Zircaloy-2 were handled as above except that the 

specimens were vigorously scrubbed with a brush under water after drying. The 

specimens, as shown in Figure 4, were again coated with white oxide films after 

corrosion t e s t ing . 

Reference to Figure 1 and Table I shows that the corrosion resistance 

of specimens which were scrubbed after allowing the etchant to dry i s improved 

over tha t of the unscrubbed specimens. While the weight gains for the scrubbed 
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specimens compares favorably with those of the proper ly etched and washed s p e c i ­

mens, t h e i r appearance i n d i c a t e s t h a t a l l of the r e s i d u a l e tchant was not removed. 

The improvement of cor ros ion r e s i s t a n c e due to scrubbing i s more pronounced i n the 

case of s u l f u r i c - n i t r i t e etch than i n the case of the n i t r i c - h y d r o f l u o r i c e t ch . 

GENERAL DISCUSSION 

f'The nitric-hydre-f-±ue-ri^- a e i 4 etch i s supe r io r as a p i c k l i n g s o l u t i o n for 

zirconium to the s u l f u r i c - n i t r i t e etch.jas developed by Manufacturing Labora to r ies 

IncT/even though i t i s more d i f f i c u l t t o handle , conta ins hazardous hydrof luor ic 

ac id , and the r e s i d u a l e tchant has been shown t o have a very d e l e t e r i o u s e f f ec t 

upon the cor ros ion r e s i s t a n c e . /However,' a_ development program proposed by Rothman 

may lead to modif ica t ion of t h e s u l f u r i c - n i t r i t e e tch to overcome the low r a t e of 

a t t a c k , low ba th l i f e , and p r e c i p i t a t e formation. - J i m - A. 

A t a b u l a r comparison of the two etching s o l u t i o n s i s shown below: 

(9) 

Etching 

Bath 

C h a r a c t e r i s t i c 

Rate 

F in i sh 

Tendency for sample t o d i sco lo r 

Residual e tchant 

Life 

Rejuvenation 

Temperature Limits 

Handling 

Cost 

HNO3-HF 

1 mil/min 

S a t i s f a c t o r y 

Very d e l e t e r i o u s 

56 g /1 

Yes, but not 
advisable 

100 / 10°F * 

H2S04-NaN02 

0.34 mil/min 

S a t i s f a c t o r y 

Greater 

De le t e r ious 

20 g /1 

Not known 

95 / 10°F ** 

Eas ie r 

Less 

* spec i f i ed l i m i t s , conserva t ive 
** a c t u a l l i m i t s , would have to be narrowed for l a r g e sca le p r a c t i c e 
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Conclusions 

Pre l iminary experiments i n d i c a t e t h a t t h e r e a r e no s i g n i f i c a n t d i f ­

ferences i n the corros ion r a t e s of zirconium or Z i rca loy-2 a f te r e tch ing with 

t he n i t r i c - h y d r o f l u o r i c s o l u t i o n or the s u l f u r i c - n i t r i t e s o l u t i o n , provided 

proper e tch ing and washing techniques are fol lowed. Incomplete removal of t h e 

r e s i d u a l e tchant i s d e l e t e r i o u s t o the cor ros ion r e s i s t a n c e ; however, t h i s 

e f fec t i n the case of the s u l f u r i c - n i t r i t e s o l u t i o n i s not as pronounced as i n 

the case of the n i t r i c - h y d r o f l u o r i c ac id s o l u t i o n . 

The a n t i c i p a t e d advantages i n the new etch were not completely r e a l i z e d . 

Addi t ional development aimed a t modifying t h e s u l f u r i c - n i t r i t e e tch would have t o 

be performed i n o rder to overcome the d isadvantages before reconmendation for t he 

adoption of the etch could be made. 

P r i o r t o t h i s i n v e s t i g a t i o n , i t had been supposed t h a t impaired cor ­

ros ion r e s i s t a n c e of improperly washed specimens was due to f l u o r i d e s a lone . I t 

has now been shown t h a t s u l f a t e s and/or n i t r i t e s w i l l a l s o exh ib i t t h i s e f f e c t . 
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TABLE I 

No. Time, 
Etching Solution Condition Samples days 

Weight Change 
mg/dm2 Appearance 

HNO3-HF Proper ly washed 4 14 
28 
42 
56 

/ 19.3 
/ 23.8 
/ 24.3 
/ 28.5 

Black 

H2S0^-NaN02 Proper ly washed 9 14 
28 
42 
56 
70 

/ 15.4 
/ 20.5 
/ 22.9 
/ 27.8 
/ 29.2 

Black 

Dark gray 

HNOo-HF Dried 14 
28 
58 

- 245 
- 290 
- 338 

Marbled 

^SO^-NaNO;? Dried 14 
28 

166 
165 

Marbled 
ti 

HNO3-HF Dried-Scrubbed 5 14 
28 
58 

14 
28 
58 

- 44.5 
- 57,2 
- 61,0 

/ 26,0 
/ 22,8 
/ 23.6 

Marbled 
n 

11 

Marbled 
11 

ti 

H2S04-NaN02 Dried-Scrubbed 5 
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WEIGHT CHANGE vs TIME AT 680° F 

H2S04-NaN02 DRIED, SCRUBBED 

30 4 0 

TIME , DAYS 

HNOj-HF 
fil - ^ 

HgSO^-NaNOa 

HNO3-HF 

DRIED SCRUBBED 

S04-NAN02 UNWASHED 

HNO.-HF UNWASHED 

60 70 

FIG. I 
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Etched i n the ni t r ic-hydrof luor ic acid solut ion, rinsed 
and washed. Corrosion tes ted for 42 days i n 680°F water. 

Etched in the s u l f u r i c - n i t r i t e solut ion, r insed and 
washed. Corrosion t e s t ed for 42 days in 680°F water, 

Figure 2 
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Etched in the ni t r ic-hydrof luor ic acid solut ion, without 
any rinsing or washing. Corrosion tes ted for 58 days in 
680°F water. 

Etched i n the s u l f u r i c - n i t r i t e solut ion, without any rinsing 
or washing. Corrosion t e s t ed for 28 days i n 680°F water. 

Figure 3 
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O O H r i D E H T I A L -

B g g u ^ a g H B M 

Etched i n the ni t r ic-hydrof luor ic acid solution and allowed 
to dry, then vigorously scrubbed with a brush. Corrosion 
tes ted for 58 days in 680°F water. 

Etched i n the s u l f u r i c - n i t r i t e solution and allowed to dry, 
then vigorously scrubbed with a brush. Corrosion tes ted for 
58 days in 680°F water. 

Figure 4 
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