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Reptrt No. 710 
Watertown Arse 

luary I3, 1942 

Metallographie Examination of 

1/411 Hard Rolled Homogeneous Armor Plate 

OBJECT 

To determine the relation between handing in 1/411 hard 
homogeneous armor plate as revealed by the sodium picrate 
etch and ballistic limit. 

REFERENCES 

1. Letter from E. K. Spring, Henry Disston & Sons, Inc., 
dated September I5, 194l. 

Reply by Lt. Col, S. B. Ritchie, Watertown Arsenal, 
dated September IS, 194l. 

Reply by Lt, Col, S. B. Ritchie, Watertown Arsenal, 
dated September I9, 19^1. 

Letter from E. K. Spring, Hanry Disston & Sons, Inc., 
dated September 22, 194l. 

2. Disston Report "Metallographie Examination of l/4'' 
Navy Test Plates" dated September 11, 1941. 

3. References to the Sodium Alkaline Picrate Etch in 
Literature. 

The basic correspondence and material pertaining to 
this report are contained in Appendix A. 

CONCLUSIONS 

1. Conclusions Nos. 1, 2, 3< &nd 4 of the Disston report 
dated September 11, I941 (see Appendix A) are not borne out by 
the investigation. 

2. The banding revealed by the alkaline sodium picrate 
etch on the three^Samples submitted has no relation to the 
ballistic lim^tt|'! (See Figures 4 and 5.) 
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3. A direct relationship between ballistic limit and 

hardness was found to exist f*r the three plates submitted 

ior this investigation, the plate with the highest hardness 

having the highest ballistic limit. (See Figure U.) 

4. The banding revealed by the alkaline sodium picrate 

etch bears no relationship as regards relative intensity t* 

the banding revealed by an etch in 15¾ ni tal, an electrolytic 

etch in 105¾ chromic acid, or by a macroetch with Cberhoffer’s 
reagent. (See Figures 1A, 4, 5, 6, and ?.) 

5. A good correlation.^ found between the intensities 
of the banding produced on ail three plate» by 1% nital, 
•berhoffer's reagent, and an electrolytic etch in 10$ chromic 

acid, the plate with the highest ballistic limit showing the 

greatest intensity of banding as revealed by these reagents. 

(See Figures 1A, 6, and 7-) This correlation was not revealed 
by the sodium picrate etch. 

6. In all three platas, the majority of the nonmetallio 

inclusions .particularly the larger elongated inclusions, are . 

found in the dark etching bands produced by the alkaline sodium 
picrate etch. (See Figures 20 and 5A.) 

7. The bands revealed by both the nital aM chromic aeid 

etches also contain the majority of the nonmetallics, but the 

bands are not as numerous nor as intense as those produced by 

the alkaline sodium picrate. (See Figures 6 and 7.) 

8. The Murakami etch shows a uniform dispersion of faint 
carbides in all three plates. (See Figure 2A.) 

9. It is believed that the intense banding revealed by 

the alkaline sodium picrate etch on plates N*b. 1, 3, and 5 
is not due primarily to carbide segregation. 

10. Alkaline sodium picrate is nbt recommended as a 
carbide etching reagent for the following reasons; 

a. Alkaline sodium picrate does not always 

blacken the cementite of high chromium contoat. 

b. In manganese bearing steels, alkaline 

sodium picrate will bring out the distinctive banded 

appearance of manganese segregation. 
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c;. In silicon «ieels, an alkaline solution of 
sodium picrate blackens ferrite containing silicon, 

à. Alkaline sodium picrate blackens manganese 
sulphide inclusions and darkens regions rich In 
these inclusions and areas higher in manganese. 

e_. Alkaline sodium picrate etches martensite 
very readily and may thus lead to false conclusions 
regarding carbide distribution. 

APPROVED: 

G. L. Cox, 
Major, Ordnance Dept., 
Acting Director of Laboratory. 
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E. L. Heed, 
Research Metallurgist 

Cÿ, 
A. Kurilch, 
Jr. Metallurgist. 
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In a report "Metallographie Examination of 1/4" Navy Test 
Plates" dated September 11, 194l submitted by the Henry Disston 
& Sons, Inc., it was shown that banding as revealed by the 
sodium picrate etch was closely related with the ballistic 
properties, It was suggested by this company that Watertown 
Arsenal check these results on the same metallographic samples. 

TEST PROCEDURE 

A correlation oí the microstructures was made after etching 
the samples in 1% ni tal, Murakami's reagent, sodium picrate, 
Oberhoffer's reagent, and an electrolytic etch in ,10$ chromic 
acid. 

The metallographic samples, l~3/4%3/4"xl/4», numbered 1, 
3, and 5 from heats 7^8-1, 10^5-2, and l6lS—2 respectively 
were received as shown below: 

originally 
polished surface 

These specimens were cut and polished as shown below: 

originally 
polished surface 

Specimens marked with an "A" following the plate number 
were polished on faces parallel to the originally polished 
face, and those marked "B" were polished on faces perpendicular 
to the originally polished face. There were two "A" and two 
"B" specimens from each plate. 

Chemical analyses, hardness values and ballistic properties 
were reported by the Henry Disston & Sons, Inc. 

Vickers Brinell hardness surveys were made on the cross 
sections of each sample. 
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RESULTS 

No_. 

1 

3 

5 

1. Chemicfil Analyses 

Heat Uo. C Mn Si 

76S-1 ,45 .71 .29 

1065-2 .47 .76 .25 

l6lg-2 .4g .69 .33 

-* Reported by Henry 

li Cr Mo _V 

.05 I.I6 .70 .20 

.04 1.24 .66 .27 

.06 1.10 ,69 .23 

Disston & Sons, Inc. 

Ou W 

.10 none 

.10 none 

,23 none 

2. Physical Properties 

a. Hardness 

Reported by Disston 
Equivalent 

No. Rockwell C Vickers Brinell 

1 

3 

5 

53-55 

52| 

50-53 

6og-649 

59S 

551-608 

Reported by Watertown Arsenal 

Vickers Brinell Rockwell C 

526 49.5 

513- - 49.0 

46l 45,0 

A Vickers Brinell hardness survey made on the cross section of the 
samples is shown in Figure 11. 

3* 1^111.Propertiea - Reported by Henry Disston & Sons, Inc. 

Ballistic Limit 
No. Cal. .30 A.P, 

” F/S ' 
1 2001 

3 1900 

5 1726 

Microscopic Examination 

1• Alkaline Sodium Picrate Etch 

The.specimens were etched for 5 minute intervals in an 
alkaline sodium picrate solution, the temperature being kept just 
below the boiling point. It was found that a 25 minute etching 
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period (five 5 minute cycles) produced the best degree of etching 
for both visual and photographic purposes. 

Plate No. 5, having a ballistic limit of 1726 f/s, 
showed the greatest intensity of banding as well as the widest 
bands. Plate No. 1, with a ballistic limit of 2001 f/s, showed 
the second greatest intensity of banding, while plate No. 3, 
having a ballistic limit of 1900 f/s, showed the least intensity 
of banding as well as the narrowest, shortest and most diffuse 
bands. (See Figures 4a, B, and C at X100, and Figures 5A, B, 
and C at X250.) 

Figures 20 and 5A illustrate the blackened inclusions 
of manganese sulphide that are for the greater part segregated 
in the dark etching bands produced by the alkaline sodium picrate. 

At high magnification it appears that the alkaline sodium 
picrate etches grain boundaries and the martensitic structure as 
well as the intense banding. (See Figures 23, C, D, E, F. and 3A. 
C, and E.) 

2. Murakami Etch 

The Murakami etch, see Figure 2A, shows no trace of grain 
boundary carbides in any of the steels. 

3. Ni tal Etch 

The nltal etch shows a much less degree of intensity of 
banding than the sodium picrate etch. (See Figure 6a, B, and C 
at XI00.) Plate No, 5. Figure 6C, shows very little banding on 
a nital etch whereas It had the most severe banding revealed by 
the picrate etch. Plate No. 1, Figure 6a, shows the most intense 
banding on the nital etch. 

Electrolytic Etoh - 10$ Chromic Acid 

An electrolytic etch in 10# chromic acid will reveal 
carbide banding and also banding due to segregations of higher 
carbon martensite. And as in the case of the nital etch, the 
banding revealed by the chromic acid is not nearly as severe as 
that produced by the picrate. (See Figure 7A, B, and 0.) Note, 
in both Figures 6 and 7. the segregation of nonmetallics in the 
banded areas. 
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DISCUSSION 

In order to obtain additional information concerning the 
use of alkaline sodium picrate, sections of Dise tor. heats Nos. 
1830 and 1843 were etched in this reagent. Figure 8A, X100 
shows the heavily banded region about l/8" wide across the 
nidsection of heat No. 1830 containing .23 oarboo, 4,gg nickel, 
.30 nclybdenum, .09 vanadium after a 2¾ minute etch in alkaline 
sodium picrate. (See Watertown Arsenal Eeport No. 710/407.) 

The rest 0:f cross section showed very faint banding. 
Figure SB, X100, is typical of the whole cross section of 
another Disston heat 1843 of similar composition. There re¬ 
sults appear to confirm the results obtained from the nital 
etch on these same specimens. (See Figure 3k and B.) 

Figure lOA.XXOO, shows another region of the midsection 
of heat No. 1830 containing severe banding. Figure 10B, X1000 
shows a tendency towards segregation of carbides in the grain' 
boundaries in the matrix of the metal while Figure 1GC XÍOOO 
Shows the high carbon concentration found in thTbanas. Again 
these results very closely check those previously obtained with 
the nital etch. 

When alkaline sodium picrate is used alone it may often 
lean to erroneous conclusions, but when used in conjunction 
with etching reagents whose specific effects are well under- 
stooa the use of alkaline sodium picrate may help confirm the 

ÍSk71USÍ°nS previoU8ly arrive(i such as in heats 1830 and 
1843 There are cases, such as are well illustrated by plates 
°8* ' 3' ari^ 5* where banding resulting from some other 

cause than carbide segregation will cause considerable confusion. 

It is because the alkaline sodium picrate reagent will 
respond to so many metallographic factors that this reagent 
is not recommended for use in the study of banding in armor 
p a e. (uee references to the sodium picrate etch in literature 
in Appendix A. ) 

Tickers Brinell Hardness Surveys 

Tickers Pyramid hardness surveys made across the cross sections 
of the plates afford an explanation for the difference in ballistic 
limits obtained upon these plates. The plate with the highest 
baliistic limit had the highest hardness, while the plate with the 

owest ballistic limit had the lowest hardness. (See Figure 11,) 
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Figure 1 

Plates Nos. IA, 3A, and 5A. 

Most intense banding in plate No. 1 and least intense 
in plate No. 5, 

Oberhoffen Btch *3 MA-379S 

. Typical distribution of nonmetallics in plate No., 3B. 
All plates exhibit about the same concentration and dis¬ 
tribution of inclusions. 

Unetched. X25 MA-3797 
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Figure 9 

Heat 1830 

Banded region l/g" wide in middle of cross section 
of plate. 

Etched in 1$ Nital X100 MA-3772 

Heat 1843 

Uniform microstructure throughout plate. 

Etched in 1$ Nital. X100 MA-JggU 
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Figure 2 

Plate Ho. IB. 

Carbide distribution typical of all plates. 

Murakami Etch X1000 MA-3775 

Plate No. 1A 

Banding and microstruoture revealed by alkaline 
sodium picrate. 

Etched for 20 minutes (4 5-minute cycles). 

X100° MA-3776 

Plate Ho. 3A 

Blackened inclusions of manganese sulfide segregated 
in banded zone. 

Etched for 20 minutes in alkaline sodium picrate (4 
5-minute cycles). X100Q HA-3777 

Plate Ho. 3A 

Typical banded region. Tendency towards spheroidal 
structure. 

Etched for 20 minutes in alkaline sodium picrate (4 

5-minut® cycles), X10Û0 MA-3782 

Plate No, 5a 

Banded structure. Grain boundaries revealed by 
alkaline sodium picrate. 

Etched for 20 minutes (4 5-minute cycles). 

Xiooo MA-3779 

Plate Ho. 5A 

Banded structure typical of plate. 

Etched for 20 minutes in alkaline sodium picrate (4 

5-minute cycles). X1000 MA-3780 
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Figura 5 

A, Plate No. IA 
“ - 1 

Typical banding found in this plate. Arrows point 
to blackened inclusions of manganese sulfide generally 
found in the dark etching bands. 

Stoned for 25 minutes in alkaline sodium picrate. 
X250 MA-37g7 

3. Plate No. 3A 

The least severe banding in the three plates is 
found in plate No. 3. 

Etched for 25 minutes in alkaline sodium picrate. 
X250 MA-37S6 

G. Plate No. 5A 

Most severe banding is found in plate No. 5. Very 
heavy, wide black bands. 

Etched for 25 minutes in alkaline sodium picrate. 
X250 MA-37S5 
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figure 7 

A. Plate No, 1A 

Typical dark etching handing revealed in plate 
No. 1. Arrows point to nonraetallics generally found 
in the hands. These dark etching hands are the same 
that are lightly etched hy nital and etched hlack hy 
alkaline sodium picrate. 

Electrolytic Etch in 10$ Chromic Acid. 
X100 MA-3S01 

B. Plate No. 3A 

Very slight handing found in plate No. 3. 

Electrolytic Itch in 10$ Chromic Acid. 
XI00 MA-3S00 

Plate No. 5A 

Typical handing in plate No. 5- Less severe than 
in plate No. 1. These three photomicrographs illus¬ 
trate the fact that carhon segregation plays a very 
small part in the intense handing revealed hy the 
alkaline sodium picrate etch. Chromic acid will darken 
carbides and etch martensitic segregations. A compari¬ 
son of Figure 7 to Figure 4 shows that segregations other 
than carhon are responsible for the handing in Figure 4. 

Electrolytic Etch in 10$ Chromic Acid. 
xioo ma-3799 
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Figure 8 

è:* Heat Ne. IgjO - Reference Disston Letter Dated July 18, 1941 

Intense banding found in I/S" wide band across middle 
of cross section of this plate. Note that nonmeta.lllcs 
are segregated in the dark etching bands. This photomi¬ 
crograph checks the results previously obtained with a 
nital etch. 

Etched for ¿3 minutes in alkaline sodium picrate. 

X10° MA-38O6 

Iggj-.No. 1843 - Reference Disston Letter Dated July 18, 1941 

Very slight banding occurring throughout the cross section 
of heat Ho. 184}. The areas of heat No. I83O away from the 
middle ^f the cross section of the plate are the same as 
those of heat No. 1843, 

Etched for 25 minutes in alkaline sodium picrate. 

X10° MA-3807 
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A. Heat Ho. lg~50 

Another area in the 1/8" wide handed zone in the 
middle of the cross section of the plate. 

Itched for 25 minutes in alkaline sodium picrate. 
X10° MA-3804 

B. Heat Uo. 1830 

View at higher magnification of matrix of plate. 
Tendency towards grain boundary segregation of carbides. 
This photomicrograph checks the results previously obtained 
with both the ni tal and Murakami etches. 

Etched for 25 minutes in alkaline sodium picrate. 
X1000 MA-3803 

£. Heat No. 1830 

View at higher magnification of band in middle of cross 
section of plate. Partially sphereidized lamellar struc¬ 
ture revealed by this reagent checks the results previously 
obtained with a nital etch. 

Etched for 25 minutes in alkaline sodium picrate. 
X1000 MA-3802 









HENRY DISSTOK & SOS'S, HC, 

PHiLADRLPHIA, U.S.A, 

September 15, 19^ 

Lt. Col. S. B. Ritchie 
Watertown Arsenal 
Watertown, Maas. 

My dear Col. Ritchie: 

ï am attaching hereto a report of September 11 on 1/4« Armor 
Plate. 

I would appreciate it if you or some of your staff went over 
it and gave me your reactions as to such data as is in the report. 

The metftllographic data here appears to be in line with some 
findings which I have observed on reading some of the reports 
emanating from your organization. 

There is a bare possibility that the greater exactitude of the 
identity of the plate and its early history is something on 
which you are not too well aware on plate examined by yourself. 

Any comments you make will be welcome. 

Thanking you for your trouble, I remain 

Yours very truly, 

E. K. SPRING 

METALLURGIST 
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WATEEÎOWI? MSBtTAL 

WATOTOWH. MASS, 

pimiwfirpiififfnwmiiir 

September lg, igl+l 

Mr. E. K. firing 
Metallurgist 
Henry Disston & Sons, Inc. 
Philadelphia, Pennsylvania 

Dear Mr. Spring: 

This will acknowledge your letter of September I5 
with which you furnished a copy of a report dated September 
11 on l/4,, armor plate. 

Please be assured that we shall be happy to examine 
this report and furnish any commenta we may have to offer. It 
will be studied with interest. 

For the Commanding General : 

Yours very truly f 

S. B. Ritchie, 
Lt. Col., Ordnance Dept,, 
Director of Laboratory. 

Hl I.I.. . .¿5 

I 
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ELR/NàM/ííinv 

WAR SEPARTOMT 

WATEÍTOWU ARSENAL 

WATERTOWN. I-tASS. 

September 19, I941 

Mr. E. K. Spring 

Metallurgist 

Henry Disston & Sons, Inc. 

Philadelphia, Pennsylvania 

Dear Mr. Sipring: 

11 iq4l I® Tt íieCeÍVevd/01Ir intere8t^g report dated September 
’ 94-' 011 Metallo^aphic Examination of 1/4» Navy Test Plates». 

The carbide segregation in these plates is clearlv 

ofV“íêl3 ítoftwf“ PÍOfate etCh- ^ ln types 
in clsfhieh Ini, reSgf\re'real3 segregation especially 

4Vs zitzzTxzz-, 
ri^Ttz: ihe 
+ ■ • t is suggested that you heat your Murakami reagent onn 

TiZZ thlh:^U‘ 1° be « a vaL lathloT .0^1? -“r 
minutes. This period of time should be sufficient to PtoR ?bT.v?ï 
segregations in armor plate. Do not use “agen ^ 
once as it oxidizes rapidly. wagenx more tiian 

Another reagent we 
vealing banding in steels is 

the following constituents; 

successfully use considerably for re- 

the Oberhoffer1s reagent consisting of 

Ethyl alcohol 
Water 

SnClg 

CuClg 
PeCl-j 

Hcl(conc) 

- 900 cc 
- 500 cc 
- O.5 gram 
- 1.0 gram 
" 30 grams 

SO cc 
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COPY 

Mr. E. K. Spring, 9/l9/bl, page 2 

It would be interesting to compare the microstructure 
revealed by etching in 1$ nital since you Infer that the micro¬ 
structure of plate Ko. 3 has a coarser acicular structure than 
the other plates. In this connection, if you would be willing 
we would like to study these samples at this Laboratory. We 
would like to try the sodium picrate etch on these three interest¬ 
ing samples. 

We agree with you that a history of the plates is very 
helpful in the metallurgical study. 

Your cooperation in this matter is appreciateA 

For the Commanding G-eneral: 

Very truly yours, 

G. L. Cox, 
Major, Ordnance Dept., 
Asst, to the.Director 

1' of Laboratory. 
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HMRY DI SSM & SOUS, INC. 

PHILADELPHIA, U.S.A, 

September 22, 1941 

Watertown Arsenal 
Watertown, Mass, 

Attention Major G, L. Cox 

1/4'' ARMOR 

Gentlemen: 

We are sending you under separate cover, a holder containing 
three micro samples referred to in our report dated. September 
11, 194l with title "Metallographie Examination of 1/4“ Navy 
Test .Plates,n 

You have,offered to examine these samples in your letter of 
September 19. 

These samples are stamped 1, 3, and 5, Numbers 1 and 5 show, 
number 3» being in the middle, does not show. Sample number 1 
from heat JS?.-! gave microphoto Figure 1. Sample number 3 from 
heat 1065-2 gave microphoto Figure 2. Sample number 5 from 
heat l6l8~2 gave miorophoto Figure 3* Reference to our report 
of September 11 I believe will give you all the information 
you need. 

We would much appreciate having your findings. 

Yours very truly, 

E. K, SPRING 
METALLURGIST 
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Three bemplee of 1/4" thick, 845 Homo Navy Plate, differing from 
each other ballistically, were, examined metallographically in an 
attempt to establish a connection between variations in micro- 
structure and the variations observed in ballistics. 

The samples examined are as follows:“ 

No. Heat No. B/L 
P.S. 

1 768-1 2001 

3 1065-2 1900 

5 1618-2 1726 

Microsamples from each heat were examined with various appropriate 
etching reagents with the following results: 

Remarks 

Slight structural differences. 1 and 3 nearly the same 
being generally vermiform martensite. 5 tends more 
toward the acicular and etches darker. 

Results similar to those obtained with nital with 
possibly better definition of structure. 

Slight structural differences in all three samples. 
Grain size imperfectly indicated only in 1. 

Both etchants have only a slight affect in marking 
the steel, ifery little difference between samples. 

Etchant 

Nital (1$) 

Picral (2$) 

A S M #3 

Murakami1 s 
Reagent A & B 

Rockwell ___Analysis __ 
___âiJÜ Or W Y Mo Cu 

53-55 .45 .71 .29 .05 I.16 none .20 .70 .10 

52| .4? .76 ,25 .04 1.24 none .27 .66 .10 

5O-53 .48 .69 .33 .06 1.10 none .23 .69 .08 
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B«mark8 

TM« etchant coloro onrblde« dark. Results obtained with 
it were more informât!re than with any other tried. Photo¬ 
micrographs of «t me ture s revealed by this etchant follows: 
Pigs. 1, 2, and 3 whose captions are self explanatory. 

Pig. 1 - 1/4» Navy Armor, Heat #76«-!, B/L 2001 f a 

(PhotoVlOJO) ** (l5 -11° 

Pig* 2 » 
Ktchant A 
(Photo #10; 
£f-ch*nf 

W. A.630-3726 

V V V v 
: '■s'-'*- ~ ..-V -•. ^ 

" ..k I1* 



I, 

K 

, 

» 

r ^ J 

r.;"-' 
^ •* n 

*";2 

'* ’* I 
L\ ", 

« 

p>( j 

mi 

m3 

i'*b 
f::-j 

^ “j 

11 

irt 

IN * ’ 

V 

K 

f,: V, 

■s! 

Fig. 3 - 1/4" Navy Armor, heat #1618-2, B/L 1726 f. a. 
Btchart ASM #22 (15 min). Magnification 1000 X 
(Photo #1032) 

From an examination of the samples and photographs the 
following conclusions were reached. 

1 - As the B/L Becomes progressively lower the structure 
becomes progressively coarser. 

As the B/L becomes progressively lower the carbide 
banding becomes more prominent and the light and 
dark bands become larger and move further apart. 

3 - As the B/L becomes progressively lower, carbon diffusion 
becomes less pronounced. This is evidenced by the light 
bands in Fig. 1 being generally darker than in the other 
two and those in Fig, 3 being lighter. 

There were non-metallics present in all samples but only 
in #3 were these stringers arranged in the bands of 
higher carbon. This condition is illustrated in Fig. 3. 
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Inquiry revealed that these heats were melted in the following 
sizes of ingote: 

76s - 1 7 x 12 Short 
IO65 - 2 ( 9 x l6 Long 

( 9 x l6 Short 
IblS ”2 9 x lb Long 

This work indicates that the ballistics of this material will be 
aided by increased carbon diffusion and reduced banding. The use 
of small moulds is indicated. 

b 
c.c. J. M. Goodpasture METALLURGIST 

R, Sibley 
Dr. H. B. Allen 

By P. Lanedale 
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References to th.e Sodium Alkaline Picrate Etch 

in Literature 

"Metallographers' Handbook of Etching" - , Berglimd 

Alkaline picrate dees not always blacken the cementite of 

high chromium.content. 

In manganese steels, many reagents often bring out the dis¬ 

tinctive banded appearance of manganese segregations. 

In silicon steels an alkaline solution of sodium picrate 

blackens ferrite containing silicon, and, therefore, is useless 

for indicating carbides in silicon iron and steels. 

"Use of Sodium Picrate in Revealing Dendritic Segregation in Iron 

Alloys" - Sauveur, Krivobok. A.I.M.M.E. Transactions. Vol. LXX, 

1924. Pages 239-255._ 

Boiling sodium picrate imparts dark coloration to manganese sulfide 

inclusions and will darken regions around inclusions and regions 

higher in manganese. 
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