
UNCLASSIFIED 

AD 276 261 
RepAaduced 

Uf, Ute 

ARMED SERVICES TECHNICAL INFORMATION AGENCY 
ARLINGTON HALL STATION 
ARLINGTON 12, VIRGINIA 

A 



NOTICE:    When government or other drawings,,   speci- 
fications or other data are used for any purpose 
other than in connection with a definitely related 
government procurement operation,   the U.   S. 
Government thereby incurs no responsibility,   nor any 
obligation whatsoever; and the fact that the Govern- 
ment may have formulated,  furnished,   or in any way 
supplied the  said drawings,   specifications,   or other 
data is not to be regarded by implication or other- 
wise as in any manner licensing the holder or any 
other person or corporation,  or conveying any rights 
or permission to manufacture,  use or sell any 
patented invention that may in any -way be related 
thereto. 









NAVAiRMATCEN-ASL-1050 
PART V 

TABLE OF CONTENTS 

Section Page 

ABSTRACT  

I. INTRODUCTION  

II. EXPERIMENTAL PROCEDURE  

A. Introduction ,  

B. General Considerations ,  

C. Specimen Preparation  

D. Electrical Testing  

E. Strength Tests  

F. Vacuum Curing ,  

III. RESULTS AND DISCUSSION  

A, Rubidium Silicate Cements ,  

B. Phosphate-Bonded Cements ,  

1. Previous Work    

2. Phosphoric Acid Cements  

3. Commercial Cements  

4. Monoaluminum Dihydrogen Phosphate 
Cements-Additive Study  

a. Miscellaneous Additives  

b. Zinc Compounds .  

c .      Magnesium Compounds  

d .      Yttrium Compounds  

e. Combinations of Yttrium and Magnesium 
Compounds  

f. Aging Study    

g. Rapid Heating Test  

h.     Vacuum Curing  

IV. SUMMARY AND CONCLUSIONS  

V. RECOMMENDATIONS  

VI. LOGBOOK RECORDS  

ili 

iv 

I 

1 

1 

2 

3 

4 

5 

6 

6 

6 

10 

10 

11 

12 

12 

17 

17 

18 

19 

21 

21 

23 

23 

25 

2 6 

27 



NAVAIRMATCEN-ASL-.1050 
PART V 

LIST OF TABLES 

Table Pagt 

I       PROPERTIES OF RUBIDIUM DISILICATE CEMENTS  8 

IJ     PROPERTIES OF RUBIDIUM TRISILICATE CEMENTS  9 

III PROPERTIES OF MONOALUMINUM DIHYDROGEN 
PHOSPHATE CEMENTS ,  . 13 

IV ALUMINUM PHOSPHATE CEMENTS:  AGING EFFECTS 
ON RESISTANCE (megohms) VS.   TEMPERATURE  22 

V ALUMINUM PHOSPHATE CEMENTS;  AGING EFFECTS 
ON RESISTANCE (megohms) VS.   TEMPERATURE  24 

.1ST OF ILLUSTRATIONS 

Figu re 

1. SAMPLE PREPARATION  28 

2. EQUIPMENT FOR MODERATE HEATING RATE TESTS  29 

3. EQUIPMENT FOR RAPID HEATING RATE TESTS  30 

4. APPARATUS FOR TENSILE STRENGTH TESTS  31 

5. SAMPLE FAILURE IN STRENGTH TESTS  32 

6. RT-2.  34 

7. H-CEMENT  35 

8. B 85  . ,  36 

9. B 82 . . .  37 

10. B 93 ,........,  .  ,  38 

11. B 127 .............. ...   39 

12. B 134     40 

13. B 106 ... .   41 

14. B 94  42 

15. B 120 ..  43 

16. B 144 ........  44 

17. B 141  45 

1 v 



NAVAIRMATCEN-ASL-1050 ^^ 
PART V 

DEVELOPMENT OF BONDING METHODS AND MATERIALS 

FOR ELECTRICAL STRAIN GAGES 

I, INTRODUCTION 

As temperature requirements increase for missile air-frames, 

difficulties arise not only in the selection of structural materials but also 

in the testing of these materials under environmental conditlonß.    This is 

especially true in the case of utilization of strain gages at elevated tempera- 

tures; increased conduction in the cement and thermally induced electric 

currents result in uncertainty in strain measurements,  and therefore in 

structural performance. 

The past year represents the third on this program and also the 

third change in objective.    Previously,  efforts were directed to the develop- 

ment of two distinct strain gage cements.    One was to have adequate curing 

properties at below Z20oF and to be useful to 800°F,  and, the othc~ was to 

be cured below 450°F and suitable for use to at least  1600^,    These 

objectives were substantially met although presently available strain gages 

are not reliable at the higher temperatures and do not permit actual appli- 

cation testing of the experimental cements,,    In the phase just completed,  the 

two separate objectives were combined into one to produce a cement that 

could be cured below 2Z0oF (preferably room temperature) and be useful to 

1600nF. 

II. EXPERIMENTAL PROCEDURE 

A.    Introduction 

Throughout this program,  tests were designed primarily for speed 

and simplicity while retaining effective evaluation of the pertinent properties 

of experimental cements to determine their suitability for strain gage appli- 

cations.   The enormous number of formulations and heat treatments required 

for a comprehanaive aurvey of inorganic binder aystams necessitated a 

fairly rapid screening program. 
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ion migration and consequently causing an increase in measured resistance. 

Migrating ionic species are probably hydrogen or hydronium and hydroxyl 

which cannot be removed completely from inorganic cement systems except 

at extremely high temperatures.    After an effective cure,   enough of the ions 

are removed through volatilization to eliminate the ohmic drift,  but the 

unremovable portion increases in mobility at higher temperatures go that 

there is a marked resistance decrease with increased temperature.    The 

presence of the polarizable ions poses an instrumentation problem in that 

resistance readings become a function of temperature,  heating rate,   and 

the voltage applied. 

The purpose of the program could then be stated as the selection of 

the inorganic binder system with best electrical properties at  1600'F and 

the development of compositions which will permit minimization of ionizable 

materials at the lowest attainable temperature,    Upon attaining minimum 

hydrate content,   the electrical properties for a particular binder system 

probably cannot be significantly improved if all materials employed are 

initially of highest purity.    Therefore,  the approach to this phase of the 

program was mainly a continuation of the previous phase,  i, e. ,  the investi- 

gation of the effects of additives and special treatments on curing tempera- 

ture. 

The testing program was designed to determine the curing tempera- 

ture and time,   tensile strength,   and thermal cycling properties of experi- 

mental compositions.    Relatively simple tests were devised which quite 

comprehensively evaluated the compositions. 

C.    Specimen Preparation 

In the previous phase,   bonded overlapping inconel strips were used 

as specimens.    These were adequate for evaluation of the cements,  but a 

simpler configuration was desired.    For this purpose,  one-half inch dia- 

meter inconel cylinders,  one-half inch thick were prepared.    A three" quarter 

inch hole tapped with a  1/4 x 28  thread in the center served to permit a 

central exit for volatiles on baking and also insertion of a one-quarter inch 

inconel rod for electrical and strength measurements.     On One face,  two 

eighth-inch holes were drilled to within one-eighth inch of the opposite face 

for thermocouple insertion.    The cement was applied to the face without 
3 
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similar size. 

Thus it appeared feasible that a cement of greater resistance to 

electrical potential might be achieved simply by taking the next step in 

increasing the size of the alkali cation,  i. e. ,  the replacement of potassium 

with rubidium. 

A rubidium disilicate suspension was prepared by melting rubidium 

carbonate (supplied by American Potash and Chemical Corporation) and 

Ottawa special silica in the correct proportion.    The chemicals contained in 

a platinum crucible were fired in a gas pot furnace at  1540 0C.    The product 

was dissolved in boiling distilled water to form a clear suspension of about 

50 per cent solids by weight,  having a specific gravity of 1.62, 

In admixtures with silica,  fairly high tensile strengths are attained 

by R-l,  as shown in Table I.    However,   resistances are much lower than 

desired and a  650oF cure is indicated by the electrical tests.    Introduction 

of a vacuum at 220 0F is somewhat effective.    Decreasing the disilicate 

content by one-half (R-2) results in higher resistances and lower strengths; 

the electrical properties are poorer than those exhibited by potassium silicate 

cements.    Incorporation of Ludox AS,  an ammonium stabilized colloidal 

silica which enhances the resistivity of a aluminum phosphate cements, 

effects improved electrical behavior in formulation R-3.    Although the bene- 

fits of a vacuum is again displayed,   the indicated curing temperature remains 

650 °F as it is for  R-l   and R-2.    This is borne out by a close to linear 

relationship between resistance and temperature after a  700 °F cure. 

The cation content (which appears to be the mobile conductor) was 

decreased further by preparation of rubidium trisilicate,    The mode of firing 

remained the same as for the disilicate.    The maximum temperature was 

1475^ where complete melting was evident.    Maximum solubility of the 

trisilicate was   17.4 per cent by weight in contrast to the more readily dis- 

solved disilicate. 

Formulations containing the trisilicate binder,   silica filler and 

goulac suspending agent form a rather weak bond as recorded in Table II. 

Electrical properties are comparable to those of the beat potassium silicate 

cements made in the previous program.    However,   the latter exhibited 

adequate curing at less than 220°F.    A much higher degree of curing at 

7 
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Differential thermal analyses (DTA) of compositions containing 

phosphoric acid as the binder indicated that quite low temperature curing 

might be accomplished in a vacuum.    Although vacuum curing is not highly- 

practical for strain gage installation,   it was hoped that it would be useful 

in significantly lowering temperature requirements. 

2,      Phosphoric Acid Cements 

Although previous work has shown that the monoaluminum dihydrogen 

phosphate binder will normally be cured at temperatures well below that of 

phosphoric acid,   the  DTA  studies indicated that the latter would be more 

amenable to low temperature vacuum, curing.    The acid bonded compositions 

were based on information gained in investigations of the aluminum com- 

pound.    Chromic acid was incorporated as before,  as a corrosion inhibitor 

and adhesion promoter.    Chrome oxide   'Cr  O   )  was also included.    The c    i 
hydrated alumina content was increased to develop alumino-phosphate bond- 

ing.    Silica was still required as the filler.    Alumina imparted inferior 

thermal cycling properties and zircon,   although providing very high tensile 

strengths,   was more electrically conductive. 

It was found that although vacuum treatment could reduce time of 

curing and increase the electrical resistance at a specific curing tempera- 

ture,   it did not reduce the actual temperature requirement.    The best 

compositions required at least  400°F  and were hygroscopic on cooling. 

Much higher temperatures are required to eliminate the moisture sensitivity 

of the phosphoric acid systems. 

The vacuum system, employed was operated at  80  to   100  microns 

of mercury pressure.    Higher vacuums were considered totally impractical. 

However,  to fully evaluate the vacuum technique,   a phosphoric acid compo- 

sition was subjected to conditions of  5  microns at  250 °F,    Its behavior on 

testing was similar to a  250oF treatment at atmospheric pressure.    Another 

specimen was placed in a chamber at room temperature and a pressure of 10 

millimeters of mercury.    This also was ineffective. 

In view of the failure of vacuum curing and the inherently high cur- 

ing temperature of the phosphoric acid binder,   this system was dropped in 

favor of the investigation of aluminum phosphate. 

11 
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Table IV.     ALUMINUM PHOSPHATE CEMENTS:   AGING EFFECTS 

ON RESISTANCE (mef i;ohms) VS. TEMPERATURE 

History: A^ B<2' c(3) 

Forinulatiop. 
"H" 

Cement 

0. 1 6 

B147 
"H" 

Cement 

200f 

B147 B147 

ZOO'-'F C. 19 7 0 65 
250 0F 0. 175 0.28 50 13 25 
300oF 0. 17 0.30 8.0 2.2 11.5 
3 50oF 0.080 0.25 0.90 0.50 6.1 
400oF 0,076 0.195 0.35 0.20 3,2 
450BF 0.125 0.23 0.21 0,13 1.3 
500oF 0.38 0.43 0.50 0,33 1.3 
5506F 0,65 0.80 1,0 0.80 1.9 
600 0F 0.65 1.4 0,80 1,0 5.0 
650 0F 0.45 3. 5 0.35 1.3 6.3 
700oF 0.29 3.8 0. 18 1,2 6.9 
750oF 0.22 3.7 0. 125 1,1 7.2 
800oF 0. 18 3.5 0. 10 i.l 7,0 
850oF 0. 18 3. 1 0. 105 1,1 5.7 
900oF 0.30 2.9 0.32 1.1 4,8 

Strength 
after test 625C 125A 700C 1150CA 150A 

(1) A:    ZZOT/l hour; 350°F/1 hour; room temperature/16 hours, 

(2) 3:    220"F/l hour; 350°F/1 hour; .'oom temperature/ 16 hours,  ZZO'F/l hr, 

(3|    C:   2',20oF/l hour,   350°F/lhour1   room temperature/16 hours,   350oF/lhr, 

Note: Teste were conducted at a rapid heating rate of 200o-900oF in three to 
three and one-half minutes. 
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of electrical behavior apparently occurs when the cement is subjected to an 

additional hour at  350T (see C in Table IV). 

Resistance-temperature data were obtained for the cements after 

they had been exposed to ambient conditions for over  60  hours and then 

cured at  350 0F.    Good electrical properties are exhibited by both cements 

as shown in Table V.    Although slight decreases in high temperature resist- 

ances occur for   Bi47,   the inferiority of  "H"   cement at these elevated 

temperatures is still in evidence.    Apparently actual testing with  B147  must 

occur very shortly after a   350 "F  cure to fully exploit its good properties. 

g.     Rapid Heating Test 

In order to more closely simulate the very rapid heating rates 

encountered in actual practice with strain gage cements,   a test was designed 

incorporating the use of an oxy-gas torch as the source of heat.    The cement 

was applied to one face of an Inconel piece   1/2 inch x i/2 inch x 1/8 inch 

and dried.    An aiumel-chromel thermocouple was imbedded in this same 

face by covering  with   a second coat.    A chromel lead was silver soldered 

on the opposite face.    Electrical measurement with a  VTVM  was accomplished 

using this lead with one of the thermocouple leads,    The sample was placed 

in a slotted refractory brick and the v/ires shielded with Fiberfrax.    A direct 

torch flame on the sample was avoided by covering the sample with a stain- 

lees steel cover.    Samples were subjected to   350 0F  cure for one hour prior 

to testing. 

A "moderate" heating rate of 200-l600°F  in   53   seconds was 

employed for the first test involving  B147,    A minimum resistance of about 

2  megohms occurred at the lower temperatures.    A value of > 5 megohms 

was observed at   1600oF.    A second test with much more rapid heating,    16 

seconds,   revealed a minimum of about  0.55 megohms and   >5  megohms 

at  1600oF. 

Two rune were made with  "H"   cement,   each consuming eight 

seconds.    The minimums were   1.2  and  0.70  megohms; resistances higher 

than 5  megohms were obtained at   1600oF. 

h.     Vacuum Curing 

Curing of the aluminum phosphate composition in vacuum  (80-140 

microns) indicated a reduction of curing time but no reduction of required 
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Table V.  ALUMINUM PHOSPHATE CEMENTS: AGING EFFECTS 

ON RESISTANCE {megohms) VS.  TEMPERATURE 

Test: A (1) B (2) 

Formulation "H" Cement B147 "H" Cement B147 

200 "F 7 50 200'" 7 50 500 
Z50"F 300 90 500 120 
300 eF 130 30 150 37 
350 »F 42 9.5 58 14 
400oF 14. 0 3.2 21 8.5 
450 eF 5. 6 I. 1 10.5 6.0 
500'F 4. 7 1.0 7. 1 4.6 
550 8F 6. 0 1.6 7.3 4.3 
600 0F 6. 75 1.7 6.8 4.5 
650 0F 5 8 2.2 5.4 4.5 
70O'F 4. 7 2.6 4.0 4.3 
750oF 4. 0 2.8 2.8 4.0 
800 "F 3. 2 2.7 2.2 3.6 
850oF C   4 4 2.6 1.5 3.2 
900DF 1. 5 2.4 0.90 2.5 

lOOO^F 0.40 1.7 
noooF 0.16 i.O 
12000F 0.060 0.65 
i300"F 0.026 0. 39 
1400"F 0.013 0.21 
i50üoF 0,009 0.067 
1600*F 0,006 0.039 

Strength after 
test 825CA 75A 0A 150A 

(1) A;   Rapid heating rate of 200°-900°F in three to three and one-half 
minutes, 

(2) B;    Moderate heating rate of 200''-1 600 "F in about 30 minutes. 

Note: All samples had the history:   air dry for about 60 hours,   350oF/l hr. 

2k 
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4 g      Yttrium nitrate hexahydrate 

35 cc    Victor Chemical monoaluminum dihydrogen 

phosphate (50 per cent) 

20 cc    Goulac auspension (1 per cent) 

will be sent to the sponsor under separate cover for additional testing and 

use.    Excellent electrical properties,   effective curing at  350 °F(  and moder 

ate strengths are displayed by this cement which is the most satisfactory 

formulation developed in the investigations. 

VI.   LOGBOOK RECORDS 

Detailed data are recorded in Logbooks  Cl 162,   01165,   Cl0434, 

010437,   C10440,   C1Ö748,   O10750,   C10752,   C10755,   010758,   O10759, 

C10762,   C10767,   C10769,   011339,  andC11340. 

Respectfully submitted, 

ARMOUR RESEARCH FOUNDATION 
of Illinois Institute of Technology 

H.  L.  Rechter 
Chemical Engineer 

Harada 
'ssociate Physical Chemist 

APPROVED: 

S.  W,  Bjradstreet 
Supervisor 
Inorganic Technology 

27 
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Figure  1.   SAMPLE PREPARATION 

(a) Uncemented Inconel Cylinders 

(b) Cemented Sample 
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Figure 2.    EQUIPMENT FOR MODERATE 

HEATING RATE TESTS 
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Figure 3.    EQUIPMENT FOR RAPID 

HEATING RATE TESTS 
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LEGEND FOR FIGURES 6 THROUGH  17 

Curing temperatures are specified by the resistance-temperature 

points: 

o      ilO'F 

©       3508F 

x      Temperature Indicated 

Heating rates for the determination of resistance as a function of 

temperature are denoted by the curves: 

     200-900'F in about nine minutes or 

200-1600'F in about 28 minutes 

_., . __    200-900',F in about three to four minutes 

Each curve has a ^rief rotation of curing history plus the strength 

of the sample after the thermal cycle.    Coding curves are depicted from 

900o-800oF and  1600oF-12008F. 

33 
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