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om-981 

B3-m 

The technique for making large sheets of bora1 described i n  ORliL-242, vhich 

consists of mixing B@ w i t h  aJ.&nuna has been W i f i e d  and sfnplified, Recam- 

mendatdons are given for casting and rol l ing in&s i&Q sheets, 

Additional ph$sicaJ. properby data are ineludodo Tensile stren&h measure- 

ments of boral indiwbe no serious damage upon irradiation w i t h  a %&a1 of 

2.6 x 

was ftJund 09 be 25.0 m b ~ G - % / m  rap; 200 OF ma 19.0 ~fu/&-f i*-o~/ f t  at 

nvt in the ORNL reaebr, Thermal condus-tivity for %he 50-50 mixture 
I 

- 

In onder %a ELke bmal available to a e r  sites, OREL has w e d  ta accept 

urgent requuSes for 613YL;u amwrts of bo& as sheets not Urger a n  

24" x 96" x 1/4" or 1/8", #%her pztqgram wmaiimen-ts permitting, Requests or  
purchase orders for sheet &ock 6p sintple fabrication parts may be submitted 

directly to O m ,  giving detdtled requliremx&sa 

E 



\ 

. .  . 
,/' 

,,/' 
/' 

- 5 -  

t & _ . *  . . ,  . . 



- 6 -  

wet the B4C and the resultant mix when cooled was crumbly and incohesive. 

Preheating the B4C, coating the B4C with B$3 or  A1& and varying the 

temperature had l i t t l e  effect. A successful ingot was f ina l ly  made by 

s t i r r ing  a mixh~re  of aluminum powder and B4C into molten aluminum, keep- 

ing the temperature at  1230 % + - 20'. 

as the standard procedure f o r  casting ingots. 

This method was therefore established 

ExpERIMENTaL D E M ; O F "  PROGRAM 

Additions t o  make Aluminum w e t  B4C - 
In the McKinney-Rockwell procedure, it is difficult t o  undergtand and 

interpret the action of the aluminum powder i n  caustng the molten aluminum 

t o  w e t  the B4C. 

of experiments was performed in  which v a r ~ 3 ~  percentwes of a 2 0 3  were 

substituted for  part of the  aluminum powder and added t o  the molten aluminum 

In an effort t o  understand the mechanism involved, a series 

w i t h  the B4C. 

molten metal. 

The results were negative; the B4C floated on top of the 

In a second series of tests, varying percentages of B$3 were mixed with 

the B4C and added t o  the molten aluminum, omittingthe use of aluminum powder. 

Good workable mixes were obtained resulting i n  strong homogeneous ingots. 

The B203 content varied from 5-56 of the weight of the B4C. During the 

addition of the B203-B4C mixture t o  the molten metal, a black smoke was 

given off md green flasnee popped on the surface of the m e l t .  

reaction was observed in  the McKinney-Rockwell process. 

This same 
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Since the addition of B g 3  caused che aluminum .slo w e t  the B4@, a B 9 3  

aoaeing was placed on the carbide by oxidizfng it for one hour i n  a lmrffle 

~ a .  The oxidized carbide was then added to the nolten srluminun. 

workable mixes and perfect inguts  were obbined. Igo blaek smke or p e n  W s  

were evident. 

technique, 

Good 

!?his method is now the basis of the present fabrication 

!The mechanism of how the B203 influences the wetting of B4C by the 

aluminam is &ill. not k9own. 

sueh helps Eo minimize %he absorption of gases and Lhe oxidation of the 

alruniinUra. 

use was dismntinued. bl't;htrugh either the oxidized -bide or B203 and carbide 

can be added freely to the mkkm al-m, the oxidized carbide is preferred. 

Eflece of Temperaz;Ure During M i x i n g  of B4C into Alumimun 

The B@3 probably acts as a fluxing agent and as 

Since inert a.tmOspheres above the wits made no difference, their 

The .f;empera.&tUre at  which the oxidized BqC was added to %.he molten 

alOtaairrmnr was nab eritical as long as it was below tihat at which the oxidafien 

02 & . l a m z p p  bee- severe. lrJo apparent difficulty was observed when oxidized 

B4C was &d to molten altmtnm at 14a>044~0%; however, the temperahre was 

usually kqrt a% 130O0-13506F and the B4C was ddd &% a rate whit& did nof reduce 

%he .&empesa+ure of the molten aluminum by nope %ban 2!jQ-35*F. 

0% earbide! =ta 

loss of tfPre mqaired %Q mhe& the mi.xbree When the required tempembare WLIO 

again rsded ,  msre BhC was added, and m3.y oceasionaUy when the mix -11 awl& 

tw mob 

reme1$ the mkcture wi th& excessive oxidation of the a3u.nianrm. 

Adding big slugs 

melt caused the m i x  to cool as mch as 400% ma reat& in a 

-&e addition of larger &res of aizbfde it was btposrsibla to 
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The capaaify of .&he ORNL rolling mfU. limited ithe sheet width t o  24" 

and the bi l l e t  thiehess t o  1 1/2" including coverso 

was dec ide  t o  mlp fn&s, 1" x 20" x 2k" wtth l/k" cover plates on each 

side, Jafnieh pm&ced 8 t r i e d  sheet, 24'' x 108" x 1/4". A 150 ISM Ohio 

C p a n k s € ~ %  Company "TCBXQ" t i l t i n g  type induetion ft;slslsee was used to hea-t 

a graghite amcible 9" i n  diameter with 1" wall thickness. TkLe temperature 

was controlled by a. Microlllax electr ic  pyrometer f r o m  a themcouple se% i n  

%he graphite. The ppe-oxfdfzed B4C (oxidized at 1000 9 for one hour) was 

st i r red i n b  the molten aluminum by hand wi%h stainless s t ee l  paddles, and 

the mix was then U o w e a t o  s k m 3  for 10-15 minutes in  order t o  a t ta in  

a uniform tempemtum, 

For t h i s  reason it 

While the oarbide was stirred into the ml%en almint+a graphite mold, 

20" x 24" x 1" was heated electrically t o  between 800~-9000P. 

mn%inu&nzs 

%he crucible was incoz-psmted in%o %he nexb pour, 

One 

was then made into the hea%ed mld; the mlsidd mix in 

During cooling, the ingcr@ shrearik sufTicient1y % ~ r  easy removal f'rm 

the mold. It was then prepsred for rolling aes?oPdingta the pmcedw outlined. 

%n ORmL-242 exaept that the operation 09 me-ba.1 sprayfng: with erlun;Pnura wa$ 

eliminated 





", - 10 - 
2) Elinination of the aluminum powder 

of the Evoltan al-* 

mlnidzes the oxidation 

3) Elimination of the metal spraying operation prior to 

cladding the ingots and the use -of nitrogen during nixing 

lowers the cost of the finished sheet. 

ROLLING BORAL INGOTS INTO LARGE SHEFPS 

Rolling at Laens Steel Company 

Unsuccessf'ul attempts at large-scale experfmenfsl rolling were made 

by Lukens Steel Company, Coatesville, Pennsylvania. !l?wo ingots, 

27" x 36" x 6", containing 5O$ B4C by weight and prepared according to 

the procedure outlined in Om-242, were scheduled for rolling into 

sheets, 56 1/2" x 66 1/2" x 3/16". Failure o f  the rolling attempt was 

attributed to rough handling of' the ingots during rolling;. 

&d not be wed beseause t he  m i l l  designed priglarily for steel ingots 

could not be slowed dawn to the desired speed and the rolls could not be 

lubricated w i t h  kerns ene 

Greater cam 

Upon eroarminstion of the m g e d  shees there was midenoe of in- 

rmifieient aluminum to Croat all the B4C in the 50-50 mixture. 

possible that this defect, which apprently was not toa important when 

It is 

rolling SU ingots, b e w e  mre pmainent in rolling the larger ones and 

contributed to the  unsuccessf'ul rolling attew. It was therefore decided 

ta lower the B4C mnten.& in an effort t~ isrpme ZBe rolling oharactesistics. 
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Even a t  the lcrvex B4C eonoentration, sufficient &.%tenustion of thermal 

neutrons can be obtained fo r  wl"e applications without using excessively 

%hick sheets. 

Rolling at  Republic %eel Coxtipany 

A successful rolling wet8 woomplished at  the South Division Plarrt 

of the Republic Steel Cvrpaay ia Canton, Ohio. Republic was chosen fo r  

t h i s  experiment because it had hand-fed er Jobber rolling m i l l s  which 

were -re suited fo r  the rolling sf boral. Two ingots, 23" x 14" x 2", 

containing 3% B4C by weight, were prepared, placed. i n  2" aluminum 

frames and covered with 1/2"-sheet 2s aluminum. 

heated to ll00 f, redneed 50$, reheated t o  1000 %p and rolled into sheets 

52'' wide, 92" l~q, and 3/1611 thick, the minimum attainable thickness on 

These ingots were then 

the  rolls. Cold mlls, frequrently lubricated w i t h  kerosene were used. 

After a few more large scale experimfm'tal rollings, bora1 could be supplied 

oOEEt&?!rCi&ly i n  8b&8,  5' X 10' X 3/16" if t h i s  58 -'bed. 

RoELing at OIW, 

Beeawe of the small quantities required t o  met present cozmitm?nts, 

bora1 was rolled in %he ORM; mlling m i l l .  

limited %he 

or 1/81, were YQU~,  ~ n d  w i d e r  irlnelvtr were fabricated by joining several 

s e e r  ones. I w s  were preppel recording %o the procedure outlined i n  %he 

se&ioB entitle& '1Pmhniqus for  Catating Ingo%s", plescd i n  1" frames ma clad 

Since the mpacity of this  mill 

width of the finielaed aheet t o  24f'0 a b e t s  24"r 8kH99611 x 1/k" 

WlBh 1/4" al- The relliab; precedure was esselrrtially the sanae a i  #e one 

used at Republic. 
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PHYSICAL PROPERTIES 

1) Co~poaition (for 1/4" sheet including U cladding on each side) 

B 15.7 254 22.4 342 
c 4.3 71.6 6.2 100.1 

Al ' 80.0 1303.0 71.4 u 0 3  5 

Borals with B4C contents varying frolp 10 - 5 6  in the core can be supplied. 

2) Strengbh 

a) Tensile 

Tensile specimens containing 5 6  B4C by weight were exposed 

to radiations in the X-10 pile for 14 lonths with no serious damage. 

Weeks of Exposure Total nvt Tensile Strength (psi) 
Average 

0 0 5000 

6 3.1 x 10l8 6335 

8 4.8 x 7500 

5650 19 30 1.2 x 10 

60 2.6 x 10~9 5500 
Additional samples are now being expoaed in the Hanford piles - 

no results are available at thio time, 

b) Elongation - 0.4s (Om-242) 

c) Shear - 8,237 pri (OBI&-242) 
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The above values are being rechecked and additional 

values for  pure B4C and for bora1 with vBpyfn@; B4C content 

are being obtained, 

b) Heat Content: .175 B%u/lb-% (OEU?L-242) 

4) Densify: 2.5 g/cc 

5) Cost: $l5-#l7/f't2 far matrerial containing 35s B4C i n  the CQZ 

6) Workability: 

ReMPrnended methodee for working boral are shearing and pundhing. 

U Boral w i t h  35$ B4C can be sawed at low speeds w i t h  Do-All aawso 

welding mast be done d t h  heliarc. Bora1 tubes can be hot turned 

o r  pressedo 

7) Availability: 

I n  order to make b o d  available t o  other s i tes ,  ORNL has agreed 

4x3 accept urgent requests for  smll agyluzlts of bora1 as sheets not larger 

than 24" x 96" x 1/4" or  1/8", other p r o w  co&tmnts permitting, 

Requests or  purchase orders for  sheet stock or  simple fabpicatdd parts 

rimy be submitted directly to O m ,  giving detailed requirenEntse 



8) Other &pplica%ions: 

Bora1 can be sprayed onto mild steels, However, the bond 

between *e epraysd material and t h e  base metal needs improve- 

ment * 

The authors wish to acknowledge the assistance of V. L. McKinney 

and the Y-12 Shops in setting up the casting prooedure for  producing 

ingotlir and of C. D- smith and his &roup at ORNL in rolling the boral. 
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APPrnlX 

Principle of Proposed Methoa for  Determining Thermal Conductivities 

Longitudinal heat flow through a specimen was measured by the tempera- 

, ture rise of a metered amount of water passing through 8 heat exchanger 

located at the base of the sample. m e  temperature drop across the 

specinen was neasured with themcouples embedded i n  the sample a known 

dis-bnce apart. 

mininized by employing an electrically heated guard ring system in  which 

the cavity between the sample and the walls of the guard ring was f i l l ed  

Radiation, conduction and convection losses were 

with a powdered thermal insulation, Sil-0-Cel. Under these conditions, 

the thermal conductivity was computed by means of the relationship 

k = thermal conductivfly, Btu/hr-f%-OF 

cp = specific heat of water, B.kru/hr-lb 
0 (AT), = temperature rise i n  water, F 

L = distance between themcouples embedded in  sample, f't 

A = amss-sectional area of sample, ft 2 

(AT), = temperature d r ~ p  i n  sample, QF 
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Other Testinn and Calculation Methods 
- ~ _ _ ~  

1) Density - gross v o l q  measurements 

2) Tensile Sbrength - ASTM B209-46T, 1946 Ea., part IB, p 572 

3) shear - C102-36, 1946 ~ d . ,  mrt 11, p 228 
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DRAWING NO. 10574 

UNCLASSIFIED 

A SAMPLE HEATER 
8 SIMULATOR TUBE 
c HEAT EXCHANGER 
D SAMPLE 
E THERMOPILE 
F SIMULATOR BALANCING HEATER 

2 INSULATING CERAMIC SUPPORT BLOCK 
3 HEATER CLAMP 8 SPRING 
4 CLAMP BAR 
5 COOLING COIL 
6 
7 HEATER LEADS TO VARIAC FOR CONTROL 
8 LEADS FROM THERMOCOUPLES TO 

I UPPER a LOWER REFLECTORS 

INLET 8 OUTLET TO HEAT EXCHANGER 

R ECORD IN G IN STRU M ENTS 

F IGURE I THERMAL CONDUCTIVITY APPARATUS 


