 AD-AQM2 200

UNCLASSIFIED

|I‘IF|

a2z

ARMY MISSILE RESEARCH AND DEVELOPMENT COMMAND

SPECTROSCOPY OF LASER IRRADIATED MIXTURES OF BO

APR 77 6 A TANTONs» H C MEYER: R I GREENBERG
DROMI=TR=77=7

 EEENEEE

END

DATE
FILMED

REDSTO==ETC F/6 774 e

RON TRICHLORIDE ==ETC(U)




e

ADA042200

U.S. ARMY
MISSILE

RESEARCH
AND

DEVELOPMENT
commAanDd

f
>
oo
: 8 Redstone Arsenal, Alabama 35809
Ll
k" il
=™
C=o
iy —
o

DMI' FORM 1000, 1 APR 77

A G P T

TECHNICAL REPORT TR-77~7

SPECTROSCOPY OF LASER IRRADIATED

MIXTURES OF BORON TRICHLORIDE AND
HYDROGEN

) physical Sciences Directorate /
Technology Laboratory

8 April 1977 i

Approved for public release; distribution unlimited.




A I A

DISPOSITION INSTRUCTIONS

DESTROY THIS REPORT WHEN IT IS NO LONGER NEEDED. DO NOT
RETURN IT TO THE ORIGINATOR.

DISCLAIMER

THE FINDINGS IN THIS REPORT ARE NOT TO BE CONSTRUED AS AN
OFFICIAL DEPARTMENT OF THE ARMY POSITION UNLESS SO DESIG-
NATED BY OTHER AUTHORIZED DOCUMENTS.

TRADE NAMES

USE OF TRADE NAMES OR MANUFACTURERS IN THIS REPORT DOES
NOT CONSTITUTE AN OFFICIAL INDORSEMENT OR APPROVAL OF
THE USE OF SUCH COMMERCIAL HARDWARE OR SOFTWARE.




UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (Whan Data Entered)
READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM

T. REPORT NUMBER 2. GOVT ACCESSION No 3 RECI"LKN"F CATALOG NUMBER

TR-77-7 ‘& L/ q L/ [ -T% .-r{_‘

4 TITLE (and Subtitie) EPECW'BF‘E‘S’ER—IRRA‘DLATED \ TYPE OF REPORT & PERIOD COV

| MIXTURES OF BORON TRICHLORIDE AND HYDROGEN V . W
f . z 2 = 47 Technical Kepext,

e e e 8 st O NUMBER

7. AUTHOR(e) s 8. CONTRACT OR GRANT IMBER(s)
\ PR Al Ak R S

|

\G. A./Tanton e /Meyer &N R I/Lreenberg |

\ / e = s Rt e / /

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT PROJECT TASK
Commander AREA.A WORK UNIT NUMBE RS
US Army Missile Research and Development Command * (DA) 1W362303A214
Attn: DRDMI-TR AMCMS Code 632301.21(0&11
Redstone Arsenal, Alabama 35809 =

11. CONTROLLING OFFICE NAME AND ADDRESS ( 42, REPQRI DAIE 7
Commander //"\ 8 Apr 77 J /7
X?tﬁrmybg‘lrl);?f%f Research and Development Command "'T?Tu%a-m%mss

Redstone Arsenal, Alabama 35809 A5y e

. MONITORING AGENCY NAME & ADDRESS(iIf different from Controlling Office) 18, &7% TLASS. (of this report)
/o // J
N

o L. ified
f‘ f [5a. DEC. aS!F!CATION "DOWNGRADING

SCHEDU

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the sbstract entered Iin Block 20, If different from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse side If necessary and identity by block number)

Laser induced chemistry

Fourier transform IR spectrometer
Low level impurities

Reaction products

L S o 0 N S

20. 7 ACT (X otdn M and by block number)
Preparation of missile propellants is one of the areas expected to be

significantly impacted by laser induced chemistry. The synthesis by laser
induced chemistry of specific boron compounds used as ingredients in pro-
pellants has been the purpose of our recent investigations.&

DD \m EDITION OF 1 NOV 68 IS OBSOLETE UNCLASSIFLED
SECURITY CLLASSIFICATION OF THIS PAGE (When Data Entered) 1
{

L1621/ i




<A SN

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered)

UNCLASS1FIED
SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)




CONTENTS
Page
L. INTRODUCTEION . . ¢ o s + + & %
R e e S T 3
III. TECHNIQUE FOR IDENTIFYING LUMINESCENCE SPECTRA . . . . . . 3
M REBUERE. o e e e e e e e e e a 5
¥, CONERAINTONER 0 o e e S e e e w6 s 8

REFERENCES . .

OSSOt _4_,4
‘vm While Sectton
| o Buff Section
Vg SOE
‘auﬁtlm

2 A Y aareaasaneiee S
e —— 'l - STRIZETION /AVAILARILITY COOES

Uit AVAIL and/or SPECIAL

il

e
A

s

s S A




e

TR

T <

L. INTRODUCTION

Preparation of missile propellants is one of the areas expected
to be significantly impacted by laser induced chemistry. The synthesis
by laser induced chemistry of specific boron compounds used as ingredients
in propellants has been the purpose of the recent investigations.

Initially mixtures of boron trichloride (BC23) and hydrogen have
been irradiated by a pulsed CO2 laser and the gas was observed [1,2] to

emit a pale yellow luminescence. We have obtained the spectrum of this
visible luminescence and identified spectral lines. Use of a Fourier
transform IR spectrometer (FTS) enabled us to detect low level impurities

in both the initial mixture of BCE3 and H2 and the reaction products.

These IR spectra showed the presence of the impurity phosgene (COsz) in

the initial gas mixture and CO in the reaction products in addition to

the expected HBCE2 and HCZ.

. EXPERIMENTAL

Typically, a 10-:m brass or stainless steel cell fitted with
5 c¢m diameter NaC’? or KBr windows was used. Three of those cells can
be seen in the upper miduie part of Figure 1. It was passivated for
several hours with BC?3 then evacuated and refilled with 25 to 100 Torr

of BC»’,3 and 25 to 400 Torr of H2 in a desired ratio. This mixture was

irradiated with 200 ns wide 0.7 J pulses from a Lumonics Model TEA 203
tunable multigas laser operating with a 2-second repetition rate at the
P20 CO2 (10.591 pm) wavelength. During irradiation, visible luminescence

was detected through a window in the cell perpendicular to the beam
direction and recorded on Polaroid type 107 film after passing through

a prism spectrograph. Absorption spectra were determined with a Digilab
Model 20-B Fourier transform spectrometer before and after irradiation.
This instrument is shown in Figure 2.

. TECHNIQUE FOR IDENTIFYING LUMINESCENCE SPECTRA

A quick and accurate method for identifying optical spectra
has been developed. In this technique, positions corresponding to
given wavelengths are measured from an arbitrarily chosen reference
line on a spectrographic plate of known wavelengths taken with our prism
spectrograph. These distances and wavelengths are used to calculate the
coefficients of a polynomial using a least-squares fit. We use a basic
program for polynomial regression of any desired degree up to 9th degree
written for the 9830A Hewlett-Packard programmable calculator for this
fit. This polynomial is then used to plot a curve of linear distance
versus wavelength. This step completes the calibration.
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Figure 2. Fourier transform spectrometer.

The calculator will then plot, in our particular spectrographic
plate format, the position of any wavelength programmed into it. These
calculated spectra are plotted as a column of lines of given equal hori-
zontal length and vertical separation calculated from the polynomial
obtained from the calibration points.

Identification of molecular and atomic spectra from a spectrographic
plate of an unknown is made by overlapping it with calculator drawn
spectra plotted on a transparency. Speed and accuracy are increased
over conventional methods since several spectral lines of a series can
be simultaneously compared, thereby eliminating the usual tedious method
of measuring the position of each line individually. Deviations between
data and standard spectral line positions, usually due to the geometry
of a particular experimental arrangement or to the mode of excitation,
can be evaluated immediately by inspection. In this manner, confusion
arising between measured and standard spectra is reduced. Relative
intensity in addition to wavelength can be indicated on the calculator
plot. This is illustrated in the flame spectrum of boron (Figure 3).
The principal limitation of this method is the availability of known
spectra.

. RESULTS

The absorption spectrum after a 300-pulse irradiation of a
50-Torr mixture of boron trichloride and hydrogen in a 1:1 ratio is
shown in Figure 4. An increase in HCZ/ absorption band after irradiation

can be seen at 2900 cm-l, accompanied by a decrease of BCZ., absorption

3




FLAME SPECTRUM
BORON (BO;)

Figure 3. Flame spectrum of boron
compared with computed spectrum.

at 1400, 995, and 955 cm-l. Creation of bands at 2620, 1090, and 900

cm shows that HBC/, was formed as an end product of laser induced

2
reactions according to the reaction

) - ) )
BCZ, + H, + hv > HBCZ, + HCZ

as previously reported by Rockwood and Hudson [1]. Subsequently the
optimum starting ratio of BCEB/H2 was found to be l:4 for }mCiz forma-

tion. The optical emission spectra of BCZ, irradiated with a pulsed 002

3
laser was found to have a continuous spectral distribution [3,4] from

5300 A to > 6300 K. When a mixture of BCZ3 with an excess of H2 was used

emission band spectra which fit the Blf > AIW and d3ﬂ » a'nt series of CO
were observed. Bands due to Cﬂ+ and Cﬂ; overlapped by the two most
prominent bands of the 3ﬂ > 3ﬂ series of C2 were detected as shown in
Figure 5. COC@Z, a main impurity in the c.p. grade B(,‘ﬂ3 used, was

ident}fiedas the probable source of CO. There were also bands just above
5000 A which correspond to BO bands previously observed [5].
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Figure 4. Absorption spectrum of a 50 Torr mixture of B‘JB and Hz

in a 1:1 ratio, after irradiation with 300 pulses.
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Figure 5. Luminescence spectrum of a 1l:4 mixture

of BCZ3 and Hz.

V. CONCLUSIONS

Laser excited luminescence provides a means that is several
orders of magnitude more sensitive than absorption methods for detecting
low concentration of gases. Luminescence of CO from laser induced
breakdown of COC1Z2 in concentrations ~ 0.17 was easily detected and is

well above the 10S molecules - cm.3 limit of detection recently
suggested [6].

COCB2 inhibits HBCE2 formation by laser radiation as shown in

Figure 6. 1In this figure, the absorption spectrum of a mixture of 25

Torr BC£3, 25 Torr COCﬂz, and 100 Torr Hz is shown after irradiation

with 810 pulses. 1In this spectrum no HBCE2 was produced; however, the

CO band at 2150 cm-1 appears. Trace amounts of COCE2 in our BCZ3 supply
gave rise to the CO line spectrum observed under laser excitation of
BCZ3 only in the presence of hydrogen. Thus hydrogen apparently acts as

a medium that transfers laser energy absorbed by BCE3 to COClZ.
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