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GALLERY CHEMICAL COMPANY _-- 	 ---	 -

200-POUND DIBORANE SHIPPING CONTAINER

BACKGROUND

Callery Chemical Company has been shipping diborane

as a flammable compressed gas since 1953 and as a liquid

since 1959 °	Callery holds Special Permit Number 930 for

shipment of gaseous diborane and diborane-inert gas mixtures

in non-refrigerated ove rpacks, under specific conditions

outlined in the permit.	 Callery also holds Special Permit

Number 970 for shipment of liquid diborane in overpacks

containing dry ice for refrige r ation,	 These permits were

rewritten and reissued in their present wording in January

1968 °	Over the years Callery has an excellent record for

safe shipment of diborane.	 In addition we have handled

diborane with consistently excellent safety records in our

l aboratories and production plants.

Currently the largest single packagz permits shipment

of up to 40 pounds of diborane in a DOT-3AA2400 cylinder

surrounded by dry ice in an insulated box.	 G r oss shipping

weight of this package is about 1300 pounds, and Special

Permit 970 requires delivery within ten (10) days.
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Prospect of increased future demand for diborane renders

this package inadequate for the projected quantities and

impractical from the standpoint of handling labor.

F I	 In accordance with the anticipated increased use of

k	 diborane, NASA awarded Contract Number NASW-1827 to Callery

IF :I	 Chemical Company for the design and development of a con-

tainer for shipment of approximately 200 pounds of liquid

diborane,	 Work began on 7 November 1968 and has continued

to date under the same contract number.

Notification of this work was given to the Department

of Transportation and to the Bureau of Explosives on 15

November 1968.	 Upon completion of the initial design, com-

plete drawings were submitted to these agencies on 15 July

1969.	 Callery representatives met with Bureau of Explosives

personnel on 24 September 1969, and the Bureau's recommenda-

tions were incorporated into the design,	 An exchange of

comments on the design was made with D.O.T. in November and

December 1969.	 Subsequently the container has been tested

with the results presented herein,
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200-POUND DIBORANE SHIPPING CONTAINER

DESIGN

Design concept for this container was selected to take

full advantage of the success achieved in shipping diborane

for over fifteen years, 	 On this basis dry ice was chosen

as the refrigerant; because this eliminates the need for

control devices used in liquid nitrogen or other liquid flow-

type refrigeration systems. 	 In addition dry ice is compara-

tively much easier to obtain and add to a container which

has been delayed in transit,

Detail design of the container was performed by CVI

Corporation, subsidiary of Pennwalt Corporation, under sub-

contract to Callery,	 Full advantage was taken of Callery's

experience in terms of materials of construction, valve

types, etc, for diborane service	 CVI contributed the exper-

tise in cryogenic vessel design technology to achieve the

necessary insulation efficiency and strength, 	 Unlike Callery's

previous diborane cylinder overpacks, the new container de-

pends to a lesser degree upon the dry ice and to a greater

extent on a much more effective insulation around the inner

tank containing the diborane,

Reference to Figure 1 and Figure 2 will show the general

layout of the new container; with a 36-inch diameter spherical
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inner tank for the diborane, surrounded (except for the dry

ice chamber) by a 48 inch diameter cylindrical shell con-

taining perlite insulat-on evacuated to about ten microns

absolute pressure.	 Over 100 pounds of dry ice may be added

through a bellows-sealed neck into a chamber in direct con-

tact	 with	 the	 top of	 the	 sphere.	 The	 spherical tank	 contain-

ing	 the	 diborane is	 coded	 for	 a	 maximum working pressure	 of

500. psig	 at	 -320 °F.,	 by	 550to +100protected	 a psig	 rupture

.^ disk	 and	 550	 psig relief	 valve	 connected	 in	 series.

Instruments	 are provided	 to	 indicate	 temperature, pres-

sure,	 and	 liquid level	 A	 audio-visual	 alarm	 is activated

by	 tempe r ature	 in excess	 of	 -35°Co,	 which	 should occur	 after

about	 20	 days;	 this allows	 over	 ten	 days	 before reaching	 0°C,,

still	 well	 below the	 po i nt	 where	 pressure	 relief will	 occur.

In	 keeping	 with end	 use	 requirements	 of	 NASA, the	 liquid

unloading rate was designed for a minimur of 0.2 pound per

second with 100 psi pressure differential 	 Actual unloading

rate of 0.2 pound per second was obtained with a pressure

differential of only 20 psi.

The container is designed for handling by fork lift or

by crane; gross shipping weight is about 2890 pounds. 	 Enve-

lope dimensions are 4'-4" diameter and 6'-6" height	 Center

'	 of gravity is shown on Figure 1 and Figure 2,

i

i
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f.

All supports, components, and auxiliaries are designed

to withstand, without damage or leakage, forces of 8 g verti-

cally down and in all horizontal directions, and 4 g verti-

cally up..

Storage time, volumetric loading, and pressure-tempera-

ture limitations are discussed in the Performance section

following

CUI Corporation has calculations for strength of the

inner vessel support system, and these could be made available

for review if n2cessarye
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FIGURE 1	 DIQORANE SHIPPING CONTAINER, ELEVATION VIEW
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FIGURE 2

DIBORANE SHIPPING CONTAINER

PLAN VIEW
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200-POUND DIBORANE SHIPPING CONTAINER

PERFORMANCE

Container performance is summarized by Figure 3 and

Table 1 in this section; complete information is given in

the Data Tables Section following.

Limitation on safe storage or shipment time is

pressure:

LIQUID VAPOR LIQUID
TEMP., PRESSURE, FILL

°C psig %

0 385 76
9.8 500 88
12.2 550 98
12.5 560 100

Complete liquid fill occurs at 12.5 0 C., whereas maximum

working pressure of 500 psig is reached near 10°C. 	 For a

practical limit, Callery has chosen a pressure of 400 psig;

which, allowing for small partial pressure of non-condens-

ables, is equivalent to about 0°C. 	 This then becomes the

temperature at which the container should be iced to recool;

realizing, however, that is not an absolute limit.

Secondly, from the product purity standpoint it is de-

sirable that the no rmal maximum temperature be maintained

about -25 to -35 0 C., below which decomposition is ebsentially

nil.	 Initially -35°C. had been selected as the normal maximum
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operating temperature; that is, the temperature reached by
i

a container delivered within the time required by the shipping

permit.

Figure 3 and Table 1 show that the dry ice was spent

in fourteen days, but it was over twenty days before the

contents reached -35°C. 	 When the test was discontinued

after 29 days, the pressure was 300 psig and the tempera-

ture was -10°C.	 Extrapolation of temperature rise at the

same rate shows that 0°C. would not be reached until over

33 days.	 All of these data arP based on an ambient tempera-

ture of 75°F.; however, ambient temperature occasionally

rose as high as 92°F.

The performance achieved with this container is adequate

for consideration of a 20-6ay shipping permit, both in terms

of safety factor to locate and reice a lost shipment and in

terms of preserving product purity. 	 It should be possible,

however, to routinely obtain delivery within fifteen days,

particularly in view of the fact that we currently make all

shipments within ten days.	 Use of a fifteen day permit will

rave the effect of expediting delivery more so than a twenty

day permit.	 In any case the safe shipping time is well over

thirty days.
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Table 1

DIBORANE SHIPPING CONTAINER
30-DAY STORAGE TEST RESULTS
SMOOTHED DATA-EVEN DAYS

TIME, DRY	 ICE, PRESSURE TEMP.,
DAYS POUNDS PSIG °C

0 108.0 18.0 -79.0
1 101.2 21.5 -76,0
2 93.8 24.2 -74.2
3 85.4 26.5 -72.8
4 77.0 27,7 -72,1
S 68,6 29.0 -71.4
6 60.2 30.3 -70	 7
7 51.8 31,6 -70.0
8 43.4 32.9 -69.3
9 35:0 34.2 -68.6

10 26.6 35.5 -67.9
11 18.2 36.8 -67,2
12 10.6 38,1 -66.6
13 4.7 40,0 -659
14 0 45.7 -63.5
15 0 59.5 -58.3
16 0 74.5 -53.0
17 0 89.5 -48.6
18 0 104.5 - 4 4 . 3
19 0 119.5 -40.5
20 0 135.5 - 3 7 . 0
21 0 151.5 -33.7
22 0 167.6 -30.7
23 0 184.6 -27.7
24 0 192.2 -24.9
25 0 219.8 -22.1
26 0 238.6 -19,4
27 0 259.5 -16.6
28 0 280,5 -13,7

*29 0 301.5 -10.8
*30 0 322.4 -	 7.9
*31 0 343.4 -	 5.3
*32 0 364.4 -	 2,8
*33 0 385.4 -	 0.5
*34 0 406.3 +	 1.6

*Extrapolation
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i200-POUND DIBORANE SHIPPING CONTAINER

DATA TABLES

1

	

	 This section contains complete data on the conta•,ner

preparation,, charging, and storage test; as follows:

TABLE 2

	

	 30-DAY STORAGE TEST RESULTS
SMOOTHED DATA-LINEAR SEGMENTS

These results were obtained by plotting dry ice

weight, container pressure, and container temperature

Idata from Table 4; and fitting a series of straight

lines through each set of data. 	 This then became the

basis for the even-day data given in Table '.

TABLE 3

	

	 PRECOOLING for
30-DAY STORAGE TEST

Prior to charging diborane, the container was

precooled by charging liquid nitrogen into the inner

tank.	 About one week was allowed for cooling to be-

low -80 0 C., and the excess liquid nitrogen was removed

prior to charging with diborane.

IA

4

12 -
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5
e

1!	 TABLE 4 DIBORANC CHARGE for
30-DAY STORAGE TEST

.,	 Diborane was charged in two steps, separated by

a topping operation to remove non-condensables (nitrogen

initially present and a small quantity of inerts fed with

the diborane).	 The initial charge of 203.5 pounds was

accomplished in about four hours using an external con-

denser, designed and operated to add the liquid diborane

at about -75°C.	 After topping to a net weight of 197

pounds, the second charge was made; and after retopping,

the final diborane net weight was 201.5 pounds.

TABLE 5
	

30-DAY STORAGE TEST
COMPLETE DATA

Upon completion of the diborane charge, 108 pounds

of U'ry ice was added; and the container was sealed for

thermal testing.	 Ambient temperature was maintained at

about 75 0 F.; however, with no cooling capability, this

temperature occasionally ranged as high as 92°F. 	 This

phase of the test was discontinued after 29 days by add-

ing dry ice to begin retooling, as sufficient data were

available for reliable extrapolation to 0°C.

TABLE 6
	

POST-TEST RECOOL

Data records were continued during the retooling

period to demonstrate that continued low-temperature

storage is possible and practical.	 Temperatures below

-70°C. were achieved.

i

1
i
1

M

1
1



TIME DRY	 ICE PRES. TEMP °C_. REMiARK.S
DAYS LBS PSIG ACTUAL INU C.

0.00 108.0 18 -79..0 -85.5 Jc_.a•^
0.01 - - - -82
0.10 - 19 -
0.21 - - -77.5 -
1 .65 96. 75 - -
2.65 - 26 -7',0 -

11.29 15.75 -
11.64 - - - -77.5
12.29 8.5 --
12.68 - 39
13.10 - - _65	 8
1 3. 64 -
13,67 - ^.2 -65_Q
13. 88 0 - - _6
14.02 - -

-
-61

14,30 - 49 -62.1 -5c
15.10 - - _ _47
15.81 - - _53	 8
16.66 - - _ -4
17.86 - - - -38.5
18.29 -

-
0 -

i9.03 - i20 - -
19. 1.0 - - - -32 Alarm
19.66 - - _ _30
20.66 - - -347 -
21.87 - - _
21.89 - - - _21.,5 Slosh

22.34 - 173 - -
23.22 - - _;7.0 -
24,65 - - _ _38
25.64 - 231 - -
26.64 - - -17.6 -
26.96 - - - -10
2893 0 300 -11.0 -	 9
28.94 65.5 290 -12.3 -10 Dry	 Ice Added
29.72 22.5 140 -36.0 -33
29.98 13.5 125 -39,2 -39

" t
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Table 2

DIBORANE SNIPPING CONTAINER
30-DAY STORAGE TEST RLSULFS

SMOOTHED DATA-LINEAR SEGMENTS
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200-POUND DIBORANE SHIPPI14G CONTAINER

DRAWINGS

Fol l owing is a complete l ist of as-built drawings for fabri-
cation and assembly of the 200-pound d 1 borane shipp i ng container.
A copy of each drawing i s enc l osed w • th this document

Flow	 Schematic
Final	 Assembly

1	 &	 2 Piping	 and	 Instruments
1	 &	 2 Main	 Assembly
1	 &	 2 Inner	 Vessel	 -	 Assembly	 Of

Inner	 Vessel	 -	 Details
1	 &	 2 Top	 Head	 -	 Assembly	 Of

Top	 Dead	 -	 Details
Vacuum	 Filter	 -	 Assembly	 0-11
Bottom	 Head	 -	 Assembly	 &	 Detail
Thermal	 P l ug	 -	 Assemb l y	 Of
Suspension	 Bracket	 -	 Assembly	 Of

1	 &	 2 Suspension	 Bracket	 -	 Details
Bracket-Pressure	 Gage
Standoff	 R i ng	 -	 Assembly	 Of
Lifting	 Bracket	 Details
Outer	 Shell	 -	 Assembly	 Of
Top	 Panel	 -	 Assembly	 Of

1	 &	 2 S•de	 Panel	 -	 Assemb l y	 0?
Valve	 Cover	 -	 Assembly	 Of
Fill	 Port	 -	 Pe r l i te,	 Assembly	 &	 Detail

I	 &	 2 Electrical	 Schemat,c	 &	 Panel	 Layout

A458-5800
A458-5801
A458-5802 Sh
A458-5303 Sh
A ,158-5304 Sh
A458-6805
A458-5806 Sh
A458-5807
A458-5808
A458-5809
A458-5810
A458-5811
A458-5812 Sh
A458-5813
A458-5814
A458-5815
A458-5816
A458-5817
A458-5818 Sh
A458-5819
A458-5820
A458-5821 Sh
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