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 FOREWORD

The Aerospace Safety Research and Data Institute (ASRDI)
was established to support NASA, its contractors, and the
aerospace community with technical information and consultation

on safety problems. In the process of gathering, evaluating, and -
applying safety-related information, gaps in the existing safety j
technology are often noted. Where it appears that progress in
filling such gaps can be made through research, ASRDI may
undertake or sponsor it. ASRDI also operates a Safety Data Bank
of technical information which includes computer files of special- ;

ized information sources (organizations) and safety specialists.
Current activities are concentrated in the safety implications
associated with fire and explosion, cryogenic systems, propel-
lants and other hazardous materials, structural failure, fragmen-
tation, and aircraft systems and operations,

S Ry

Solomon Weiss, Acting Director
Aerospace Safety Research and Data Institute
National Aeronautics and Space Administration
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INTRODUCTION

A part of the NASA Aerospace Safety Research and Data Institute's (ASRDJ)
mission is to compile and store in a computerized system bibliographic citations
on hazards and safety in various areas related to aerospace activities, One of
these areas is Cryogenic Fluids Safety. At the present time the computerized
data bank contains about 6500 bibliographic citations on the subject, .

Each citation in the data bank contains many items of information about the
document. Some of the items are title, author, abstract, corporate source,
description of figures pertinent to hazards or safety, key rcferences, and de-
scriptors (keywords) by which the document can be retrieved. In addition, each
citation includes an evaluation of the technical contents as to being good/
excellent, acceptable or poor. The descriptors used to define the contents of
the documents and subsequently used in the computerized search operations were
developed for the Cryogenic Fluid Safety by experts in the cryogenics field.

This report is a compilation of a number of document citations, from the
Data Bank as of December 1974, which contain information on contaminants in
oxygen. A major ASRDI effort has been a review of oxygen safety and a number
of special publications summarizing the current state of the art have beep pub-
lished. These include Thermophysical Properties (ref. 1), Temperature Mea-
surements (ref. 2), Flow Measurement Instrumentation (ref. 3), Heat Transfer
and Fluid Dynamics (ref. 4), Density and Liquid Level (ref, 5), Characteristics
of Metals that Influence Safety (ref. 6), Cleaning Requirements (ref. 7); and
Oxygen Systems Engineering Reviaw (ref. 8), Other reports dealing with oxygen
safety and research of oxygen systems have also been pubiished (refs. 9 and 10).
- " The searchof the ASRDI Data Bank for information on contaminants in oxygen

: was initiated after an analysis of liquid remaining after the boil-off of liquid oxygen
B from a long term oxygen storage tank indicated the presence of aromatic hydro- i
carbons. Due to the reactivity characteristics of oxygen and possible sources of
ignition of contaminants, extensive cleanliness requirements have been utilized
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! e (ref. 7). The contaminants, recognized as hazards in oxygen, are identified in
] most cleanliness requirements as particulate matter, fibers, condensible hydro-
. " carbons, solvent soluble organic residues and soiids, and do not usually include

considerations of the wide range of organic compounds.
The citations included in-the report are present under three separate 'subject
headings:
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CONTAMINANTS AND SOLUBILITY OF ORGANIC COMPOUNDS IN

OXYGEN

II. REACTICN CHARACTERISTICS OF ORGANIC COMPOUNDS WITH
OXYGEN :

II. SAMPLING AND DETECTION LIMITS OF IMPURITIES

=y

In a number of cases, the same citation is referred to in several subject
categories.
 The report contains, in addition to the citations, an author index and an
index of major descriptors. Specific chemical compounds referred to in the
citations are also listed in the index.
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CONTAMINANTS IN LICJUID OKYGZN aS RELATED TD SRFETY IN
LIJUID JIXYGEN PR)3DMUITION AMND DISTRIBUTION EQUIPMENT

by

ARRICK,C.D.

00/00/60
SECURITY CLASS RCZESS LEVEL . REPORT CLASS ENTRY EVAL.
g/Unrastricrtel JYnlisited Summary Good/Excel.
-ABSTRACT-

CONTAMINANTS IN LIJUuID OXY3EN  ARE CLASSED AS VOLATILZS,

-~ NON-YOLATILES, AND ACZTYLENIC, THE LATTER DBEING THE CLASS WII'H THE

GREATEST HAZARD. THI3 CLASS HAS LOW SJOLOBILITY IN LOX AND
PHEREFORE PRECIPITATES OUT AS A SOLID. IF SUITABLE PRECRULIONS ARE
NOT TAKEN, THESE SOLID5S CAN ACCHMULATE TO DANGEPIUS LEVELS IN AIR
SEPARATION PLANT EQUIPMENT. THIS DISCUSSION IS LIMITED IO THE
SONTAMINANTS INTRODUCED FvOM PTHE AIR PRICESSED IN AIR SZPARATION
PLANTS. - THE N2ST HAZARIOWS AREA IN THE PLANT IS TRB® =AIN
SONDENSER, THE DESIGN OF WHICH SHOULD PREVENT LOZAL ACZUMULATIONS
JF SJLIDS. THE SAME IS TRUE OF LIQUID PIPINGS IN [KZ PLANT. THMERE
MUST BE NO TRAPPED POCKETS WHERE LIQUID MAY BOIL BAND NOM-VILATILE
HY DROCARBINS CONCINTRATE. IN DISTRIBUTION EQUIPMENT, LIQUID
JDXYSEN IN THE TANK IS ROT PERMITTED TO B3JIL JPP TO DRINEZSS,
VAPORIZERS ARE DJPERATED NITH LARGE TEHPERATURE DIPPERENCES TO
AVOID DEPOSITION OF SOLID CCMBUSTIBLES ON HEAT TRANSFER SURPACZES.

-PERTINERT FIGURES-

PIG.1 MAJOF TYPES O2? MAIN CONDENSERS IN LIQUID OXYGEN PLANTS, PAGE
22377 TAB.1 CLASSIFICATION OF UHYDROCARBCNS, PAGE 219/7/T AB. 2

4YDROCARBONS IN ATMOSPHERIC ATR AT PLANT SITES, PAGZ 22C//Tad.3

HY DROCARBONS IN LIQUID JXYSEN, PASE 221,

~SOURCE INPOPMATION-

" ZORPORATE SOURCE -

LINDE )., TONAWANDA, N.Y.
JOURNAL PROCEEDINGS -~ ’ _
ADVAN., CRYJ)G. ENG., VOL 3, 218-225 (PROC. 1957 CRYOS5. ENG.
CONF.)
PUBLISHER - :
PLENU® PXESS, INC., N.Y.
QL HER INFIRMATION -
000b FA3ES, 2021 FIGORES, 0073 TABLES, 0000 REFTERZNCZIS

ORIGINAL PAGE IS -2
OF POOR QUALITY
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STUDY DJF LIDUID OXYSEN CONTAMINATION. PHBOGRESS REPT. NO. 2

et

hy

BAILLEY,B. M.
VISNALEZ,V.J.

01/00/60

; SEZURITY CTLASS ACCEZSS LEVEL REPORT CLASS ENTRY EVAL.
i U/Unrestricted NTIS Increaental Good/Excel.
~ABSTRACT-

3%-. v -~ DHE JBJECT JF THIS PROGRAM [S "HE RECOMMENDATION OF REALISTIC
SPECIFICATIONS POR PFOCUREMENT AND USE JF LIJDUID OXYGEN FOR ROCKET
PROPELLANT SUPPLY SYSTEMS, INZLUDING STANDARDS FOR CLEANLINESS,
MINITORING FOR CLE2ANLINESS AND CONTAMINANTS, AND RECOMMEINOAT IONS
J? DESIGN CRITERIA FOR PREDUCTION OF CONTAYINANTS AND INIREASED
SAFZ2IY. THIS ©PROGRESS FEPORT OISCUSSES THE SIGRIPICANIE AND
SOURZES OF CONTAMINANTS AND THE <CHANGES 1IN DJUALITY J3F LIDUID
JXYGEN TN TRANSIT BZTWIEN AIR-SCPARATION PLANT SIOPAGE AND LGADING
AND UNLOALING THE MISSILE. SOME RECIMYENDATIINS ARI - HADGE
CONCERNING LIDNID TRANSFSR PROTEDYRE, PIPIKS ARFANGERENTS, - AND
YcANS FCR PEMOVAL OF LOW-SOIU3ILITY TONTAMINANTS PFROY STORLD
LIQUID JXYG:N, .

-PERTININT FISURES-

¢L5.1 SIMPLIFISD DIAGRAH, MISSILE OXYGEN SUPPLY AND LCADING
SYSTEM, PAGE 12 //71G.2 DIPPERENTIAL EVAPIRATION OF 99.5 PERIENT
CLIONID JXYG2N,  PAGI 14// PIG.3 TYPIZAL LAUNCH-SITE LIQUID OXYGEN
STORAGE AND LOADING 3YSTEM, PAGE 17 //FIG.4 EYAMPLES OF PIPING
DETAILS RESULTING IN CONTAMINANT CONZENTRAIION BOILD-UP, PAGE
19//PI5.5 LAUNTH=-SITZ LIONID CXYGEN SIORAGZ FLOW LINZS, PASE
21//F1G.6 EFFECT OJ7 VENT VELOSITY ANZ ATMOSPHERIC DIFFISION OR
JXYSEN CONCENTRATION IN THE V3NT LINZ =- SCHEYATIZ, PAGZ 23//,715.7
: PLANT LIDUTD DXYSEY STORAGE TENK - SCHEMATIC, PAGE 26//FIG.8
.., . ZONTAMINATION JONCENT RAT IOK AS A FUNZTION OF
o ADSORPIION-PURIFICATION TIMZ FOSR TWO TYPES O©F FLOW THROJGH THE
..  STORAGZ VESSTL AND THPEZ RILATIVE PUHMPING CAPACITIZS, PASE
33//F1G.9 : PRIPISII LIDNID OXY3ZIN STORASZ TANK ARRAMGZIEENT FOR
MAXIMUM FLUSHING ACPION B8Y THROUDGH=FLIW, PAGEZ 35//FIG.10 AN
ARRANGZMENT 722 TOANSFZ? CONNFITINONS HITH REDUCED CONTAMINANT
AUCITION, PAGE 39

-BIRLTOGRAPHY -

3. M., BAILEY AND V. J. VIGWALE, RESEARCY STUDY OF LIQUID OJXYGEN
CONTAXINATION, PROSPESS HEPORT MO. 1, RIR PRODUCTS, INCORPORATZD,

ORIGINAL PAGE IS 3
OF POOR QUALITY
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ALLENTOVWN, PINNSYLVANIA, AIR RISZARCH AND DIVELDPMENT COMMAND
CONTRACT AF  33(616-€730, OCTOBE? 1959// (MAJ.) J. L. LBSUZR AND C.
L., WILLIAZMS, INTERLIM STANDARDS FOR LIQUID DX¥Y. FH SYSTEMS, STL/FTO,
AFAITC, %AY 8, 1959//%X. A. WILLIS, AN ANALYSIS OF THE CONTAMINAT ION
PROBLEN WHEN ({ISING GAS®OUNS KITROGEN FOR THE PRESSURPIZED TRANSFER
JF LIJUIL JDXYGEN, RCPIRT NO. P53-010, CONVAIR ASTFONAUTICS, CONVAIR
DLVISION OF GENERAL DYNAMICS CORPORATION, SEPTEYBER 1o, 1959,
{(CONFIDENTIAL) /7P, LIE3ERNAR, E.R.E.T.S. LOX LOSSES AND
PREVENTATIVE MEASURZS, PFOCEEIDINSGS OF 1956 CRYDGEVIC ENGINEERING
<INFEFENCE, BJULDER, C3LORADI, SH2TEMBZIR 1955//C. He RIZYNALES,
SAFETY ASPECTS IN THE DESIGN aND CPEFATION DJF DJXYGEN SYSTEMS,
ENGINEZPING PAPER ND. 741, SYMPOSIUP ON CHEMICAL CLEANING OF
MISSILZ LAUNZHING FACILITIES AND COMPONENTS, DIWELL DIVISION OF
THE DO# CHEWIZAL COMPANY, TVLSA, OKLANOMA, JAINUARY 1959//D. B.
24LL, DEVELOPMENT OF TILTERS fOF 400 ODEGREZS F AVD 600 JDESREES P
AIRCRAFT HYDRAWLIT SYSTENMS, Wiul TECHNIZAL FEPCIT 56-249, MAY 1956

-300RCL TNFORMATION-

. <QFPORATE SOURCT =

AIR PEJDOUCTS AND CHIMIZALS, INZ., ALLENTOWY, PA.
RE PORT NUMBZER - .

AD-235063
SPONSOR -

AIR FIFCE STLIGHT TEST JENTEL:, EJD¥ARDS AFB, CALIF.
SONTRACT NOMBc? - .

CONTRACT A7 33(616)~-6730
QTHZIR INFORMATION -

0045 PanES, 0N1C FISURES, Q030 TABLIS, 0005 REFEQENCES
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HAZARD LZVEL 27 HYDROZAR3ON ZILMS IN SYSTEMS CONTAINING
LIQTIL AND GAS EOUS JOXYGEN

KEHRT,E,

C8/0%/61

)

SZCURITY CLASS ATI355 LEVvEL REPORT CLASS ENTRY EVAL.
J/0nrestricted nlisited Summary Go>d/Excel.

-a3STRACT-

TE O3JECT OF THIS WOPK WAS TO STETCIMINZ RZALISTIC STANDARDS OF

ST eIt - CLEANLINESS IN SYSTIEMS CONTAININS LIGUID AND GASEDUS DXY3FN. AN

ARBITRARY FIGUR2 OJF 4 MILLISPAMS PER SCUARE ~FOOT HAD BEEN

PREVIOUSLY SST BY EXAMINATION OF SYST2Z2YS THAT HAD CAUSED NO

II0MRLE IN THE PAST. IT WAS ZSLT THAT THIS FISURE WAS TOC LOWN AND
TIAT EXPERIMENTAL DETERMNINATION OFf THE SAFE LEVEL SHOULD BE HADE

I3 SET SUCH STANDARDS, 3ASZD ON THE EXYPERINERTS REPORTED HERE, THE

RECOHMMENDEL  SAre LEVIL CONTARINATION WITH HYDRDTARBONS HITH

YISCOSITY AND VAPNF PRESSHES SINILAR TO HEXADECANE IS 100

MILLIGRAFES PER SOQUARE FNOT.

23]

-PZRTINENT TIGURES-

fiG.1 IGNITIJON APPRIATUS USING 3ASEOUS OXYGEN PAGE 163//FIC.2
ISNITION APPARATUS USING LIQUIL OXY3ZEN PASE 164//FIG.3 IGRITION
APPARATUS USING GASZOUS OXYGEN PAGSE 16U//FIG.4 JGNITIOM APPRARATUS
J3ING LIQUID JXYGSEN 3E?GFT IGNITICY PASE 165//PIG.S5 IGNIFION
APPARATUS USING LIJIID OXYGIN AFTZR IGNITION PAGE 166//F13.6
J-BURNED HEXADEZANE FILYS APTZF 3IPARY IGNITION TN GASEOQOUS OYYIGENW
BA3SE 166

-BIBLIOGRAPHY~-

. J.C. LESUER, AFBMD/4TDTP AND C.L. ¥ILLIAMS, STL/PTD, DRAFT OF
’ INTERLOR STANDARDS 0% LJ3X SYSTE®S, MAY 8, 1959//K.N. PALHER, J.
I¥ST. fOEL 29, P, 293 (195)//1.%. BASYNIV AKD V.G. MIKHEDOV,
RISLOFID 12, N2, 5, P. 7 (195%y, TRANSLATION NO. RD=-222) BY
ASSOCIATED TECHRXCAL S23VICES, INJ.//AIR PP2DUCTS, INCORPOIRATED,
J¥PUBL ISFED WIRK //H. BIRGE®D, TEVERSCHUTZECH 21, P. 15
(19¢1)//0b.B. SPALDING, GAS TURSINES -~ VOL. 2. SOME FVNDAHMENTALS OF

SOMBUSTTICN, BUTTERWORTHS SZIENTIFIC PUBLICATIONS, LONDON (19595)

~S2MICE IEFOPNATIOR-

ZORPOFATE SOURCE -

OXIGINAL PAGE 15 5
OF POOR QUALITY -
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AIR PRODUCTS AND CHEMICALS, INC., ALLENTOWY, PA.

JOURNAL PROCEEDINGS -
ADVANCES IN CRYJG. ENG.
CRYOS. ENG. CO¥P., 7TH,

Ol HER INFORWATION -~
0007 PASES, 3034 FPIGURES,

ver 7, 163-9

{1962) (PROC.

ANN ARBOR, MICH., AUG 15-7, 1

00D 1 TABLES,

6

0008 XEPERENCES

0OF 1961
361)
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CO®PATIBILITY JF LUBBIZANTS WITH MISSILE FUELS AND
OXIDIZERS

PRI TRV PRI B AT L
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FISC,K.R8.

. PEALE,L.
X=SSINA,J.
3ISSER, H.

LR

11/00/62

SECURITY CLASS 42258 LEVZL REPORT CLASS ENTRY EVAL.
J/7Unrestrict2i NTIS Summary Acceotable

=33 STRACT-

VARIOUS COMPOUNDS WERE STUDIED TU USTERMINE THEIR SUITABILITY AS
LUBRICANTS IN THZ PRESENCE OF FUSLS AND OXIDIZERS MSED IN MISSILE
S{STE%S. THE CLASSES 0Of <JOYPOUNDS STUDIED WERE THE HALOGENATED
ALIPHATIC AND ARCMAT IC HY DROCAREBONS, - THE SILICIN AND
PEEFLUJOROCIMPIUNDS, =Z3TERS, JTHEPRS, AND COMPOUNDS CONTAIWING
NI TROGEN. THE F§FfUZLS AND OXIDIZERS INCLUDED ETHYL ALZDOHOL,
HY DROCARBON FULL, UNSYMMETRICAL DIMETHYLEYDRAZ INE,
OLETHYLENETRIANINE, A "IXTORE 0F THE= LATTER TH3, HYCROGEN
PeoROXIDE, INHIBITED W=D rUMING NITRIZ ACID, AND LIQUID OXYGEN. THE

T T MOST PROHTSING COMPOUNDS WERE STUDIED FOR THEIR EXTREME PRESSURE,

©  ANTIWZAR, VILATILITY, AND VISIOMETEIC PROPERTIES. THREBE COMPOUYNDS
W HE FOUND TO BT COMPLET ELY INEFT (YNRFACTIVE AND INSOLUBLE) WITH
aLl THE rUYcSLS AND OXIDLZE"S., ONE 4AS A LILJID
(PEIFLUOFOTRIBUTYLAMINE) AV THZ JTHER TW) YERE SOLIDS
(POLYTCSTRAFLUDRIETHYLENE AND
TS TRAFLUOPGETHYLENZ-HEXAFLUOSOPROPYLENE CIPILYMERY . THE
PZRFLUJDROTFIBUTYLAMING EXHIBITED ADCQUATZS LUBPICATION PROPERIIES
2ATIPT FOF . EXCISSIVE VOLATILITY. THE PEEPARATION OF HISHER
HOMILOGS OF THIS COMPOUND IS EXPECTELD TO REMEDY THIS SHORTZOMINSG.
THE POLYTETRAFLMROETHYLENE AND THE CCPOLYMER MAY FIND APPLICAT ION
AS CZOMPONENTS OF A GFREASE-TYPE LUBRICANT.

.
e e S RGNS ST NEIOPO TIPSO C P e PR R PrTL s RS ORI T AR S Y
; ﬁ'}f”.k;{ﬁ.ﬂ%’ﬂg’wn\":'.~.’-‘.‘.'“-, CIAIAN SR T INLST S e e T o 2

ot e -PERTINZNT FIGURES-
. TAB.1 MISSILE LUBRIZANTS PAGZ 207//TAB.2 SOLUBTLITY AND REACTIVITY
& 07 HALOSENATED ALT+HATIC HYCROCARBONS PASE 239//I'AB.3 SOLIBILITY

AND REACTIVITY 097 SILICOYM CCMPOUNDS DPAGE 290//TA5.4 SOLUBILITY aND
REASTIVITY DF ESTERS PAGE 291//TAB.S SOLUSILITY AND REACPIVITY OF
{ALOGENATED AND NUNHALOSENATED AROMATIZ HYDRDIZARBONS PAGE
291//77TA%,.6 SJLUBILITY AND R2ACTIVITY OF ETHEFS PAGE 292//TAB.7
SOQLUIUBLLITY AND SSAZTIVITY OF NITROSEN COMPIOUNDS PAGE 292//7 TAB.S
SOLUBILITY aND REACTIVITY OF PERFLUOPO ZOMPOU“DS PAGE 293//TAB.S
LOX IMPAZT - SENSITIVITY TSSTS PAGE 293//TA3.1C VISCOSITY )E TEST
FLUTJS PAGE 294 //7™A3.11 WMFAR AND =P PROPEPTIES OF TEST FLJIDS

ORIGINAL PAGE IS 7
OF POOR QUALITY
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-BIBLIOSFAPHY-

RIEIIL,¥.A., SCALANTS, LMNBRIZANTS, THREADINS CZOUMPOUNDS AND PACKING
POERE JUPITEP MISSILE SYSTEMS, AFMA TECHNICAL NOTZ NP N-61 (MAY
1957) //THE HANDLINS AND STORAGE OF TLIQUIU PEOPELLANTS, OFFICE OF
T1E DIPECTO?R 0F LEFENSE, FLIFTARCE  AND ENGINEERING (MARCH
1961 //BLOD%,R., JR., WREKS,L.E., 38D PALEIGH,C.9¥., MAT SRIKL3 OF
SONSTRUZTION FOR  EQUIDMEINT IN UOZE WITHKE H222, F33D MACTHINERY AND

"CHEY. CCRP., BEZID CHEM. DIV., 3ULLETIN 10% (1959} // CAR'ER,T.J.,

A PROCEDURE FOP TE3STING ¥ATERIALS IN LIQUIN DXYGRE¥. TECHNICAL NOTE
I-30, STEUCTURES AND MEZZHANIZS LA3ORATORY, &34A (4WARCH 1956) //
SLARK,>.C., HYDRAZINE, MATHIESON CHZMICAL ZORPORATION. BALIIMORE,
4aRYLAND, 1953//0R%5iNO-PHOSPHOFUS COMPONNDS, PRIJECT  ND.  NR
055205, FTNAL TZICHNTCAL P3IPORT, SISTIGN 5. SHELL DEVELOPMENT CO.,
SMERYVILLE, CALIF., COVEZFING THEZ PERIOD FROM 1 JOUNE 1949 T2 31
JULY 1952//PEALE,L.F., MESSINA,J., ACKERMAN,B., SASIN,R., AND

RANS. 3(1), 4©-58 (1960)// FEHRENFELD,R.,
SEEXING A DIVDICE FROM A SINSLE MARKST. CHEKMICAL WEEK P. 47
(AURUST 23, 1958)//KAUCK,2.A.,  AND SIMONS,J.H., U.S. PATEN
2, 616,927 (SIVEYBER &, 1952) //KAY,E., AND TINGL:,E.D., THE USE OF
FULYTSTRAFLUOROZTHYLZINE AS A LUPRRICANT, 3RIT. J. APPL. PHYS. 9y, 17
(1958) 7/ PUDGE,A.J., FLUORINE CONKTAINING LUGRIZANTS, CHEM. AND
INU. (LONDON) 452-461 (1955) '

=S50URCT INTORMATION-

 CORPOSATE SJURCE -

""RAERONAUTICAL SYSTEMS DIV., WRIGHI-PATTZRSIN AFB, SHIO.
NONMETALLTIC MATLRIMLS LAB.//FRANKFORD ARSZNAL, BHILADESLPHIA,
: PA. .
REPOPT NUMBZIR =~
A-62-13//AD-40U4 124
JOURNAL PROCEEDINGS - o
ASLE TRANS. VOL 5, 287-96 (1962). PRESENTED AT ANNUAL MEETINS
OF THE AMERICAN SOCIRTY OF LUBRIZATIGN ENSINEERS, ST. LOJIS,
”OL': MAY 1962:-: '
DT HZP INFORMATION. -
0010 PAGES, 2020 FIGURES, 0012 TAELES, 0011 REPERENC
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~keys 61 throuqh 68
CONTAMINATIUN OF MISSILE FLUID SYSTE'S.
by

PECKRAN,F. 1,

11/00/60
SECURITY ClASS ACCES3 LEVZL REPORT CLASS ENTRY EVAL.
J/Unrestricted ffnlimited Suamacy . Gosd/ Excel.
. ~-LBSTRAST-

~...T48. AEROSPARCE INDUSTEY IS (INIQUE IN ITS STFINGENT REQUIBEMENTS
REGARDING CONTAMINATION CONTROL., THE REPJIRT CJOVERS PRICEDURES,
SPEZIFICATIONS, ©=TC. ESTA3JLISHED PRBRY THZ MARTIN COMPANY OQVER A
NUMBER OF YEARS IN THIS AFEA. SPECIFIT AREAS JIVERED IN QETAIL
DRAL WITH DESIGN PEZOMMENDATIONS, MANUFACTURING CONTROLS, CLEANING
PROCEDURES AND PPOCUREZMENY RESTERICTIONS (HARTIN HAS ESTASLISHED &
CINTAMINATION CONTROLLED PARTS LIST). TABLES ARE PRZ5SENTED
SHOWING . ALLOWED CONTAMINANTS IN LIQUID AND GASEJUS JXYGEN AND
NITROGEN, RP~1 AND GASZONS HILIUNM. TABLES APE ALSO GIVEN 3 HOWING
THE  ALLOWED CONTAMINANTIS IN SOLVENT PRINSFS AND VAZUURING
PROZEDURES. TPE CONTAMINANTS SPECITFICALLY COVERED IN THZ VARIOUS
PROCECURES AND SPELIFICATIUNS ARE HY DROCAPBO¥S (SPEIFPIZALLY
-ACETYLENE), FILTERABLE SOLIDS (FILTER STCREEN SIZES ARE GSIVEN) AND
#a TER CONTENT, ' i

-PEFRT JVENT FIGURES-~

16«1 AERDQUIP SZLF-SEALING COUPLINS =-- LEXTERNAL VIZW, PAGE
30//r1G.2 AEROQUIP SELF~SEALING COUPLINS =~ <COFPAWNAY VIBE, PAGE

~31//FIG.3 HYDROSTATIC TES! FIXTHUERZ -~ GENERAL VIEW, PAGE 35//FIG.4
MISSILE TANK CLSANING CELL, PAGE 36//FI5.5 DRAWING CALLOUIS, FAGE
42//F1G.6  CTCPL  FLOW DIAGRAN, PAGE u9// TAB.Y PRIZUREHENT
REQUIREMENTS, 327-9020000, PASEZ U4U//TAB.2 OPBRATIONAL FLOIDS
REQMIREMENTS, 327-9020000, PAGE U45//TAB.J) FINAL SOLVENT RINSE
EFFLUENT REJUIREMENTS, 327-9020000, PAGE 46//TAB. 4 YACUON
INSPECTION REQUIREMENTS, 327-9020000, PAGE 47//TAB.S TANK FLUSH
TEST REJUIRENENTS, 327-9020000, PAGE Uu8.
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STUDY OF LIONID OXYGEN CONTAMINATION, FINAL REPORT,
by
FOSTER,R.H,
d5/00/61

SECURITY CLASS ACZE3S LEVEL &#EPOET CLASS ENTRY EVAL,
szUnrestricted NTIS Summary Go>1/Excel.

THIS FINAL FEPORT SUMMARIZES THE WORK PERFORMED IN ACTORDANCE WHITH

_LCONTRACT  AF 33 (516)-6730. THE PYRPISE JF THIS STUDY HAS TO
D3IVILIP A EZTTER - UNDSPRSTANDING OF THE PHYSICAL, CHEMICAL AND

ASTHANICAL RELATIONSHIPS INVOLVED IN DEVEIDJPING REALISTIC
PARAMETERS FOR SPECIFICATION P'IFPOSES FOR THE APPLICATION OF
OLYScN TO MISSILES. THE SIGNUFICANT SOURCE2S AND DEGREEZ OF
SONTAP INATION ARE S''PPLIED A5 A BACKGROUND SURVEY AND THE CURRENT
(1961) SPECIFICATICONS TFOR LIOUID OXYGEN AND GROUND SUPPORT
SQUIPHENT ARE DISCUSSED. FECOMMENLDATIONS FOR LIQUID OXYGEN
SPECIPICATIONS AND PCR EQUIPMENT OPZIRATION ARE PRESENTED. SJURTES
AND MEZCHANTSNS ©[FOR IGNITION OF LIQUID OXYGEN SYSTENS, FPACLORS
RELATEU TO SOLID CONTAMINANIS, CLZANING ANOD PURIFIZATION JF JXYGEX
EZQUIPMENT AND HANDLING SYSTENMS BAVE BEEN INCLUDED. AS PART 0OF THIS

. STUDY, A THPZE-MONTH ANALYTICAL SURVEY WAS MADE AT CAPE CANAVERAL

ANLD SUMMAPIZED HEREIN.

=PERTINENT FI>URES-

713.1 SIMPLIFI=ZD OIAGRAM, LIQUID OXYGEN SUPPLY SYSIENM, PAGE
3//716.2 EXAMPLES OF PIPIN: DETAILS RESULTING IN CONTARINANT
SONCZETRATION BUILD-UP, PAGE 13//71%5.3 FLOW LINES IN LIQUID OXYGEH
LaUNCH-SITE STORASE TANK, PAGE 14 //FIG.4 TYPICAL LAUNZH-SITE
LIQUID OYYGEN STOFAGE AND LOADINS  SYSTEM, PAGE 15//FIG.5
SOLUBILITY OF CARBON DIOXIDE IN LIQUID OXYGEN, PAGE ~23//PIG.6
DIFPERENTIAL VAPORIZATION 9F 99.5 PERCENT LIQUID OXYGEN, EPPECT ON
CONCENTRATION OF MGRE  VOLATILZ CONTAMINANTS, PAGE 25//F13.7
SCHEZMATIC DRAWING OF APPARATUS USING  3ASEOUS OXYGEN, PAGE
42//F13.8 SCHEMATIC LURAWNING OF APOARATAS USING LIJUID JOXYGEN, PAGE
33//F16i9 - FILM IGNITION SQUIPMENT, PAGE 44//P1G.10 REZOVERY OF
{EXADESANE FILMS AYTER SPARK IGNITION IN GASEJIUS JXYGEN, PAGE
45//FIG.11 FECOVERY OF HEXADZZANZ FILMS AZTER IGNITION YITH AN
ZLECTFIC MATCH 1IN GASEONS OXYGEN WNDER 200 PSIG PRESSURE, PAGE
46//71G6.12 PECOVERY OF HELXADEZANE FILMS AFTER SPARK IGNITION IN
LLQUID OXYGEN, PASE 47 //FIG.13 APPARATUS FIR EXAMINATION JF SOLID
CaPBON DIDXIDZ FILTEFING THENOMENON, PASE S2//FIG.14 ZQUIPMENT FOR
JXAMINATION OF THE CUL(2) FILTKATION EQUIPMENT, PAGE 53//FIG.15 NE
FILTER ASSLMBLY 4ITH SIDS TrP, PAGE S54//FIG.16 DISASSEMBLED
FLLTEF, PA5T 55//FIG.17 PLASTIC FILTER ASSEMBLY WITH CYLINDRICAL
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PILTER ELEMENT (FULL STIZE), PAGE 56//7IG.18 FILTER ASSEMBLY AS
MODIFIED WITH SIDZ TAKE-OFP FOP HIGH REYNOLDS NUYBER (FULL SIZE),
PAGE 56//FIG.19 REYNOLDS NUMBER BEFORE SILTZR, PAGE 63//FIG.2Z0 THE
VARIATION OF CARBON CIOXILE AfTER FILTRATION TO REYNOLDS NUMBER TN
FILTEP ASSEYBLY, PAGE 61//PI3.21 Z0(2) ZONCINTRATION, PAD 12, PAGE
76 //P13.22 HYDROCARBONS AND VOLUME, PAD 12, PAGR 78//F16.23 PURTTY
AND VOLUME, PAD 12, PAGE 80//fI3.26 A PROPUSZD LIQUID OXYGEN
STORAGE  TANK  ARRANGEMENT TFOP  MAXIMUM FLUSHING ACTION BY
THROUGH-FLOW, PAGE 96//FIG.25 AN  ARPANGEFSNT  FOR TRANSFER

ONNECTIONS TO MINIMIZE CONTAMINANT INTRODUCTIOV, PAGE Y7//TAB.1

JXYSEN CONTAMINANTS ANALYSTS IN REPRESENTATIVE PLANTS, PAGE

18//TAB.2 CONCENT RATION OF  DIFFERENT HYDRDCARBONS IN
AEPRESENTATIVE ) XYGEN PLANTS, PASZ 20//TAB.3 PARTICULATE MATTER IN
LI QUID GXYSEV,  PAGE 21//TAR. 4 LIQUID JXYGEN  INTERIN

SPECIPICATIONS, Pas3k 27//TAB.S CLEANLINESS SPECIPICATIONS FOR
LIQUID OXYGEN PRCPELLENT LOALTIHG SYSTENS, PAGE 29//TAB .6
CL EANLINESS SPEZIFICaTIONS FOR LIONUIL OXYSEN HARDWARE IN FOCKET
PROPULSION SYSTEMS, PASE 30//T7AB.7 GEXPERIMENTAL RESULTS, PAGE

T 43//TEB. B - THRINILIGY OF STORASE TANK ACTIVITIES, PAGE 6B//TAB.9

SUNMARY OF ANALYTICAL RESHLTS, PAGE 71// TAS.10 SAMPLES ASSICIATED
A1TY% STORAGE TANK ACZTIVITIES, PA3SE 61//TAB.11 COMPARISON OF
DUPLICATE SAMPLZS, APCI AND PAFR, PAGE 82.

-3IRLICGARAPHY -

© AERISPACE INDUSTRIZES ASSOCIATION OF  AMIRICA, INZ., HANJBIOK PFOR

JONTAMINATTON CONTROL J3f LIOHILC ROTKET PROPULSION SYSTEMS, XARCH
7, 196077 ALR PRODWCTS AND CHEMIZMLS,  INC., ANALYSIS AT. PATRICK
alF FORCL EASE, fLOFIDA, JANTAFY 1960//7AIR PRODUCTS AND CHEMICALS,
INC., ~FESEAPRCH 3ND DEV ELOPHSHT DEPARTMENT, UNOUBLISHED
JATA//7BASYNDYVY, I. 3., AND V. 3. SIKHEDOV, KISLORUD 12, NO. 5, P.
1 - (1959). TRANSLATION NO. FD=-222C 8Y ASSO)CIATED TEZHNICAL
SERVICES, INC.//BERGETR, ., FEUCFSTHNT ZECH 21, P. . 15
(1941} //EZFNSJEILN, H., AND G. G, YCUNG, SPARKING CHARACTERISTICS
aND SAFLTY HAZAPDS OF MEZTALLIC MATEFTALS, NAVOED REPORI 5205,
JAPARTMEN OF COMKERCE ©°B131131 (1957 //BOWDENY, F. P., AED A.
Y2)r¥TE, TRIFD S5Y1POISIMY ON COMBUSTION, THE WILLIAMS AND WILKINS
COMPANY, BALTIMOPE, - (1949), P. S551//CONFERENC2 ON PROPELLANT
QJALTITY CONTROL FOF DJPFERATIONAL SITfS, MNINUTES, SEPTEMB2ZR 17,
1959//PELDOROVA, M. Fay SOLUBILITY OF ACETYLFENE AND CARBON DIOXIDE
IN LIQUIL NITROSEN AND LIQUID OXYGEN, ZHURNAL FIZICHESKCI XHINMII,
14, NO. 3, 322 (194dy//G1I835, . J., AXD H. F. CALCITE, J. CZHEM.
ZNGR, DATA &4, P. 22€, (1959)y//5M 31.2-617, USE LIMITS CONPERENCE
AT VANDENSERG AIR FORCE DFSE MINHUTES, APRIL 3C, 19Y59//GM 31.2-628,
CONFEBRENCE . 2N . UNGE LIMITS FOR MISSILY FURLS AND  OXIDI72PS AT
3MD-INGLEWOOD, CALITORNTA, MAY 19-20, 145977 6N - 31.2-633,
JLS RIPTION AND DEFINITION OF FILTEES FOR TINCORPORATION INTO
PROCUREMENT AND USE LIMITS SPECIFICATIONS FOF MISSILE PROPELLANT
LOADING SYSTEMS, JUNB 25, 19Y59//54% 31.2-644, ADDENDUN 'O GNM
31.2-633, DESCPIPTION AND DEFINITION OF FILTEFS FJDR INCORPJIRATION
INTO PROCUPEMENT AND MSE LIMITS SPECIFICATIONS FORP MISSILE
PROPZLLANT LOADING SYSTEMS, JUNE 25, 1959,., IHLY 15, 1959/ /I SHKIN,
I. P., AND P, Z. 31030, SOLUBILITY OF SOLID ACETYLENE AND CARBON
2LOXILZ IN LIOUTDL OXYREW, NITROGEN, AND OXYGEN-NITROGEN MIXTURZS,
LHUSNAL FYZICHESKDI ¥HIMII, 13, KO. 9, 1337 (1939) //LESUER, J. <.,
AND C. L. WILLIAMS, INTERIM STANDARDS 70R LIQUID JOXYGEN SYSTEHS, .
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. {1955).//STOBT, H4._ P., AND P. JONES, THIRD SYYPOSIUM ON COMBUSTION,

THE WILLIANMS AND WILKINS COMPANY, BALTIMORE, {1549y, P.

~ 3:.9/7/TOUENAY, W. E.o F. M. BOWER, AND F. W. DBRIOWN, SAFETY AND
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LLOUIL OXYGEN WHE~ NITROGEN IS USED FOP PRESSURIZATION, NACA
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‘_:JETRHINATION PROBLEM WHEN JSING GASEOUS NITRIGEN ZOR THE

PEESSURIZED TRANSFZ® OP LIQUID CXY3EN, REPORT NO. PG-010, CONVAIR
ASTRONAUTICS, CONVAIF DIVISION OF GENFRAL DYNANITS ZORPORATION,
SEPTEMBERRE 16, 1959, {CONFIDENTIAL) //WCLPPFR, WRISHT - AIER
J2VELQPMENT CENTER, SUPPLEHMENDAL PROCUREMSNT SPECIFICATION  FOR
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PUTINTIAL, IND. AND ENG. CHEM, 48, 197 (1956)}//CLAUDZ, G.,
COBCERNING THE INDUSTRIAL PROJUCTION AND (ISE OF KRYPTON, AND SOME
REMINISCENCES OF THE INCUSTRIAL PRODUCTION OF LIQUID AIR,
ZEITSCHRIPT FUR DIE RESAMTE KALTE-INDUSTRIE, 47, N3. 1, 1 (1940)
7/7COMARD, H, F., AND G. W. JONZS, LIMITS OF FLAMMABILITY OF GASES
AND VAPORS, RUSEAN OF MINES BJLLETIN 503, 1952//C)X, A. L., AND T.
DE¥RIES, TH: SOLUBILITY OF SOLID ETHANE, ETHYLEKE, AND PROPYLENE
IN LIOQULD NITROGEN AND OXYGEN, JOURNAL JP PHYSICAL AND ZOLLOID
CHE® ISTRY, S4, 665 (1950) //EBERT, H., AND B. KOFFMAN, EXPER1MENTS
WITd LIQUID AlP, SII'2. BER. MATH. PHYSIK, XLASSE. BAYER., AKAD.
dISS., MARPCH 3, 19C0, P. 1C7//PASTOVSHII, V. G., AN> I. A,
KRESTINSKII, THE SOLUBILITY OF SOLID METHANE IN LIQUID NITROGEN
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(1941) //FEDERAL SPECIFICATION BB-0-925, OXYGEN, 99.5 PERCENT GAS
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IN LIOUID NITRIGEN AND LIQUID OXYSEN. 7ZHURNAL FIZICHESKOL KHIMII,
13, NO, 3, %22 (1940)//ISHXKIN, I. P., AND P. Z. BURBD, SILUBILITY
OF 3S0LID ACETYLZN: AND CAFBON DIOXIDE 1IN LIQUID OXYGEN, NIPPOGEN,

AND OXYGEN-NITROGEN MIXTUKES. ZHURNAL FIZ ICHESKOT KHINII, 13, NO. -
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STUDY JF LIQUID DXYSEY CONTAMINATION. PROG. REPT. NO. 3
by

BAILFPY.B.M.
VISNALE,V.J.

0u/00/60
SECURITY CLASS ACCESS LEVEL PEPPORT CLASS EXTRY BVAL.
U/Unrestricted NTIS Increaental Good/Excel,
-ARSTRACT-

THE OBJECT 27 7THIS PROGRAM IS THR RECOMMENDATION OF REALISTIC
SPECIPICATIONS FOR PROCUREMENT AND USE OF LIQUID OXYGEN FOR ROCKET
PROPELLANT.. SURPLY SYSTEMS,  INCLUDING STANDARDS FOR CLEANLINESS,
MONITORING FOR CLEANLINESS AND CONTAMINANTS, AND RECOMBENDAT IONS
OF DESIGN CFITERIA FOR BREDUCIPICN OF CONTAMINANTS AND INZCREASED
SaFBrY. THIS PROIGRESS REPORT RECOMMENDS PROCURZMENT ANDL USE
SPECIFICATIONS [rfOR TOTAL HYDROCARBONS AND ACETYLENE 1IN LIQUID
J{YSEY., ND SPECIZICATION RECOMMENDATIONS ARE MADE FCR OrHER
POSSIBLE CONTAMINANTS ~7fOR LACK OF DEFINITIVE KNODWLEDGE. PROGRAHS
ZOR OBTAINING THIS INFIRMATION HAVE BEEN OUTLINED. -

-PERTINENT 7IGURES~

¢L3.1 DIFFLRENTIAL.. VAPORIZATION OF 99,5 PERCENT LIDUID -OXYGEN -~
SPFECT ON CONZENTRATION OF LESS VOLATILE CJONTAMINABTS, PAGE.
15//F16.2 SJOLU3ILITY OF ZARBON DIOXIDE 1IN LIOQUID OXYSEN, PAGE
19//PI5.3 SOLUBILITY OF <CARBON DIOXID: 1IN GASEJUS OXYGEN, PAGE
21//7I3.4 DIFPERENTIRL VAPORIZATION OF 99.5 PERCENT LIQUID OQOXYGEN
- Z2FF2CT ON CONCENTRATION OF MORZ VOLATILE CONTARIMANTS, PAGR
24//7P1G.5 PELATIONSHIP BETHSEN INITIAL CONTAMINANT CONCENT RAT ION
AND LIOUID OXYGEN VAPORIZ EL, PAGE 26//P1G.6 DIFPERENTIAL
VAPORIZATION OF 99.5 PERZZNT LIOUID OXYGEN - LIQUID-VAPOR OXYGEN.

SQUILIBRIUM, PAGE 29//P1G.E-1 CONCENTRATION PROFILES CLOSE TC A~
SPHERE IMMFRSED IN AN INFINITE VOLUMZ OF SOLVENT, PAGE 41//FIG.B-2
FRACTION DISSOLVED 1IN TERMS OF DIMENSIONLESS TIME AND DRIVING
FIRCE, PAGE 43// FIS.8~3 RZJUCTION IN DIAMETER AS FUNCrION OF
SONTACT TIME AND PARTICLE CIAMETEP - CARBON DIDXIDE 1IN LIQUID
OKYGEN, PAGZ U6//FIG.B=~4 TIME PEQUIRZD TO DISSOLV® CARBCN DIOXIDE
PARTICLES IN LIQUID OXYGEZN, PRGE S50//TAB.Vv DJXYGEN COMTAMINANTS
ANALYSES IN REPRIESENTATIVE PLANTS, PAGE 12//TAB.2 CONCENTRATION OF
JLFFSRENT HYDROCARRCNS ° IN REPRZSENTATIVE OXYGEN PLANTS, FAGE
137//Th8.3 PAPTICULATZ MATTZR IN LIQUID OXYGEN, PAGE 17 :
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58 31.,2-617, MINUTES OF -USE LIMITS CONFERENCE AT VANDENBERG AIR
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?0RCE BASE, APRIL 39, 1959//GM 31.2-628, MINUTES J? CONFEZRENCE ON
USE LINITS FOR% MISSILE PUELS AND OXIDIZERS AT BMD-INGLEWOOD,
CALIPORNIA, NAY 19-20, 1959// 5M 31,2-633, DESCRIPTION AND
DEPINITION OF PILTERS POR INCOERPORATION INTO PRICUREMENT AND USZ
LIMITS SPECIFICATIONS POR MISSILEZ PROPELLANT LOADING SYST2MS, JUNE
25, 1959//GmM  31,.2-64u4, ACDENDUM TO GM 31.2-633 DESCRIPTIOH AND
DSFINITION OJOF PILTERS ©FOR INZORPORATION INTO PRCCUREMENT AND USE
LIMITS SPECIFICATIONS POR MISSILE PROPFLLANT LJADING SYSTZY4S, JULY
15, 1959// SUPPLEMENTAL PROJUIZMENT SPECIFICATION FOR LIQUXD
OXY3EN ISSUED BY PROPULSICN LABORATORY, ©NCLPPPR, WPIGHT AIR
JEVELOPMENT CJENTER, JuULYy 19597/ MI NUTES OfF CONFERZINCE 8} ]
PROPELLANT OQUALITY CONTFOL rFOR OPEZZATIONAL SITZ3, SEPTEMBER 17,
1959//HANDBDIIK FOR CONTAMINATION CONTROL O©OF LINUID ROCKZET
PROPULSION SYSTENMS, AEROSPACZ INDIUSTRIES ASSOCIATION OF AMERIZA,
INC., YARCH 7, 1950//20MMUNICATION FEFOY MR. ®, VANCE OF SPACE
TESHNOLOGY LABORATORIES, MAY 4, 1960//SPECIFICATION POR CLEANING
LIQUID OXYGEN - HYDPJOCAFBON FUZL PPOPELLANT LOADING SYSTEMS,
PKEPARED PY HEADOQUARTEDS, AIF FORCZ DALLISTIC WISSILE DIVISION
{(ARDCY, C JARUARY " 25, .1960//8. ¥, BAILEY AND V. J. VIGNALZ,
RESEARCH STUDY OF LTQUID OXYGEN CONTAMNINATION, PEIGRESS REPJORT XNO.
1, AIR PRIDUSTS, INZOPPORATED, ALLENTOWN, PZNNSYLVANIA, alR
Ao SEARCH AND DEVELOPMINT COMMAND CONTRACT AF 33(616)-6730, J2-TOBER
1959//3., 4. BAILEY aAND V., J. VIGNALE, RESEARCH STUDY OF LIQUJID
OXYSZN CONTAMINATION, PROGRESS REPORT NO, 2, AIR PRODUCTS,
INCORPORATED, ALLENTOHEN, PENNSYLVANIA, A3R RESEARCH AND
JEVELOPNENT COMMAND CONTRACT AF 33(0616)-6723, JANUARY 1963//5¥2B
16 ST RESULTS POR COMFLEX 12 CTLEANING, SKETCH N3. 110, PATRICK AIR
FORCE BASE, FLDFIDA//(MAJ.) J. 2. LASUER AND <. L. WMILLIABS,
INTERIN STANDARDS FOR LIQUID OXYGEN SYSTEMS, STL/FTJ, AFPNTS, BRKY
g, 1959//7 C. P, SMITH, COMPOSITION AND ANALYSIS OF COMMERCIAL
LIQUID OXYGEN, PAPER PRESENTED AT THE 195?.CRYDGE!ICS ENSINEERING
CONFEESNCE, BERKELEY, CALIFORNIA, SEPE 'CALI?ORNIA, 'SEPT EHSZR
1959//1. P. . ISHKIN AND P, 2., BUEBO, SOLUBILITY J2F SOLID ACRTYLZHE
AND CARBON DIJXIDE IN LIQUID OXYGEN, NITROGEN, AND OXYGEN-NIT,ROGEN
MI XTUPES, ZHURNAL FIZICHESKOI KHINIY, 13, ND. 9. 1337 (1939 //h.
Z. FEDIROV), SOLUBILITY OF ACETYLENZ AND CARBON DIOXIDE TN LIQUID
BITROGEN AND LIQUID OXYGEN, 7HIRNAL FIZICHESKDY KHIMIXI ¢ , ¥O.
3,422 (1940) /7/A1IR PPRPODDNCTS, INCORPORPATED, RESEZARCH AND DEVELOPHZET
DEPARTMENT, UNPUBLISHED WORK//AIR PRODUCTS, INCIRPIRATED, AWALYSES
al PATRICK AF8, JANUARY 196C//ROCKETOYNE, PROPELLANT CONTAMINAL ZOW
INVESTIGATION, MONTHLY PFEPORTS, 1960//ARTHUF D. LITTLE, INZ.,
$ISSILE FLUID SERVICING SYSTZMS AND STUDY OF AIRZRABME CRYOGENIC
2QUIPHENT FOR W3-315A, PINAL REPORT C-59879, &ESTERN ODBVELOPME®NT
DIVISION, CONTRACT AF 04 (6uS5)-3U, JUNE 7, 1957. (CONFIDENTIAL}//P.
LIEBERMAN, E.R.E.T.S. LOX LOSSES AND PREVENTIVE MZASURZS,
PROCEEDINGS 0JF 1956 CRYOGENIZ ENSINEERING CISFZRENCE, BJULDER,
SJOLO., SEPTEMBER 1956//L3TTZR T0O COL. EUGENE PIBK - PTRDP ~ PROR B,
4. VAN LYKE, ALR PRODUCIS, INCOPPOPATED, JUNE 10, 1960

<SOURCE INPORNATION~

CURPORATE SOURCS -
AIR PEODUCTS AND CHEMICALS, INC., ALLENTOWN, PA,
REPORT NUMBER -
AD-239516
SPONSOR ~
17
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AfR PORCE PLIGHY TESYT CENTER, EDRARDS APB, CALIP.
COBTRACT NUNBER -

CONTRACY AF 33(016)-5730
Or HER INFPORNATIOR -

0052 PAGERS, 0010 PIGURES, 0004 TABLES, 0027 REFEREBCES
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keys 169 throuth 175

CONTa®INATIOY CONTROL IN LIQEBID OXYS5LN SYSTEMS.

by

i BALL,W.L.
% 03 /0N /64
% SaCHPITY CLASS © ACCZ5s LIVEL SEPORT CLASS ENTF{ EVaAL.
% . J/0nrestricted Inlinited , Summary Good/txcal.
=
:

~a85TRACT-

THIS Aa?7ICL: P2RIOVIDIS A& CORCISE REVIZIN OF CONTAMINATION IN LIOJID
0LY5Z . CONTANTNANTS AFE CLASSITIID 1IN TERMS OF SOLID OR
DISSOLVED, COABISTISET OR TNEFT,—AED THZ SOLUBILITIES OF SELEZTED
SATUPATSL NL NNSAaTHEATELD HYDROCARBORS 1IN LIOWID OXYGEN IS GIV2N,
DISTUSSEL ARE SOURCES OF CONPAMINATION, MNEANS JF REMOVAL, AND
CIONCENTSATION Z27FECTS DJURING STORARGZZT AXD HANDLING DUE TC POOR
SQNIPMERT DoSIGN AHD VAPOFRIZATION.

~DEETINLHT - FIGEF 55~

¢iG, 1 SCLIYRILITY O7 SATUFATEL  HYOPOTARTONS I LIOUID .OXYGUR PAGE
$1//81%. 2 SOLN2ILITY 27 UNSATACATEY RYDFOCARBONS IN LIQUID CXYSEIN
PAGE 11 B

_ ~SOURCE INFORMATION-
ZORPOFATF SOURCSZ - )
AIR PEODUCTIS ANI CUEMICALS, INZ., ALLEFTOWN, PA.
JGURNAL FFOCEZDINGS = C
CONT2NM. CONTR. YGL 3, NC. 8, 10-13 (RUG 1954
OTHIR INFOFMATION = C L ’
00ns pPAGES, 0003 FIGURES, 0000 TABLZS, 0000 REPERENCES.
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TECHFICAL ZHABACTZR CF CRYCGENIZ HAZARDS (LKS* PART 1 JF

2.‘
by
MCKINLZY,C. .
07/00/59
SE:URITY CL.ASS YCCESS LEVEL FEPART CLASS ERTRY EVAL.
J/Unrestrice=21 gnlimited Summary Good/E xcel.
-ABSTRACT=

A GENERAL DBTSIUSSIOV 27 THE HAZERDS INVOLVED IN HANDLING CRYOGEWNIC
FfLUIDS I3 SIVEN. TEE HAZAFLS AREL GROUPED INTO TFOUR CArEGORIES,
PERSINNTL ZYPOSJRE, ERITTLENESS OF CONSTRUCTION MATERIALS AT LOW
TEXPZRATURES, HISH PRESSURES DYE TO CONFPINEMENT OF CRYOGENIC
fLUIDS, ANy FLUID "FLAFRABILITYC: - BRTEF DISCUSSION AND CONZISE
SENEZRAL  wATA APS GIVEN COVEPINS THE IHPACT ENZRGY CTF CARBGX
SLECLS, ALDIA3ATIC CCHFPRESSICN TEMPSRATTURES, THE FLAMMABILITY AND
DeTINABILITY LIMITS O0F SELZCTED HYDROCAPBONS IN AIR AND OXYGEN,
P4e FLAME A8U DETONSTION VELQCITIZS OF METHANEZ AND HYDRGGZEN IN AIR
AND OXYGEN, THZ SIOLUTILITY OF UNSATURATED HYDFOCARBONS 1IN LIQUID
OXY3EN, THEL ADSOPPTIVS CAPACITIES OF THr LOWER HYDROCARBONS IN
LIQHID OXYG:K, AND :YPZFIMENTAL ZXPLOSION TEST DATA WITH MIXTURES
Off SOLIL AND GASZCUS METHANF, NITFOUS OJXIdE, AMD TIRICRESYL
PHOSPHATE MIXED -WITE GAS30US AND . LIQUID OXYGEN. THE ARTICLE
3RIEFLY COVERS “ANY CT THE BAZAFDS INCURRED WITH CRYOGENIZ SYSTEMS
AND PIESENTS BRIEZ DJ3TA TO EXPLAIN W4Y THEZ HAZARDS EXIST.

-PEITININT PISUFES-.

f13.1 TENSILE AND IAPACT VALUES FOR STEZL AND ALUNINUM, PAGE
26 //F16,2 COEPFICIZSNTS OF THIRMAL FXPAKSION, PAGE 24//FIG.3 VAPOR
PRESSURZS JF HYDRO3IN, NITROSEN, ARSON, OXYGEN, CARBON DIOXIDE AND
@ATZR, PAGE 25//FIG.8 DENSITY OF OXYGEN, GASEOUS AND LIOUID, PAGE
25//7153.5 THRUST F?0M ESCAPING GAS, PAGE - 26//FIG.6 ADIABATIC
ZOEPRTSSICN TEKPERPATURE, PAGE 26

-SCURCE INFOXMATION-

SOKPO=ATE SJURCY - X .
ATF PECDUSTS AYI THEMICALS, INI,, ALLEYTOWS, PA. o
JOUINAL PPOCLoDINGS = _
CEYCL. SAFETY JCNF., PPOC. OF, SESSION Z, 23-30, ALLENTOWN,
PA., JUL 195Y
PUBLISHFE -
A1f PEIDUCTS, I¥i., ALLENTONN, P&, :
OTHEZR INFOFKATION - ORIG
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keys 176 through 178

CONTANBINATION IN THE PRODUCTION AND HANDL ING DF CBRYOGENIC
PLUIDS

by
5MITH,C.P.

08/00/64
SBECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL,
U/0nrestricted Unlisited None Given Good/Excel.
~ABSTRACT-

A GENERAL REVIZW OF CONTAMINATION IN THE PRODUCTION OF VARIOUS
SRYOGENS. MOST OF THE DISCUSSION COVERS OXYGEN AND NITROGEN IN
AIR SEPARATION PLANTS. SONE INFORMATION IS SIVEN FDOR HYDROGEN AND
HEL IUN. THIS IS A BRIEF . _ARTICLE. AND GIVES- CNLY GENERAL
INFORMATION. ' R ) '

~SCURCE INFORMATIOR-

CORPORATE SJOURCE -
LINDE 0., TONAWANDA, N.Y.
JUOURNAL PROCEEDIKGS ~
CONTAM. CONTR, VOL 3, RO. 8, 14-5519%532 (AUG 1968
OT HER INFORHATION -
000€ PAGES, 0000 PIGURES, 0000 TABLZ2S, 0000 REPERENCES
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kevs 281 through 283

SAS-CHROMATOGRAPHIC NETHOD FOR THE DETERNINATION OF
POLLUTANTS IN AVIATION LIOQUID OXYGEN., (METODO
SASCROMATOSRAPICO PER LA DETERMINAZIONE DEGLI INQUINANTI
NELL OSSIGENO LIQUIDO AVIO)

by

CIANETTI,E.
PECTI,S.
SCDERI, G.

70/00/65

vEL RSPORT CLASS ENTRY EVAL.

SBCYURITY CLASS ACCE3SS LE
aited . .. . _ Incremantal Acceptable

ds/Unrestricted =  Unlimi:

-ABSTRACT-

FOLLOWING AN EXPLANATION OF BASIZC FRINCIPLES JF GAS CTHROMATOGRAPHY
AND SOME TOXICILIGICAL CONSIDERATIONS OF REASIONS FOR REDUCING
MAXIMUM ALLIWABLE INPURITIES IN OXYGEN, THE AUTHORS DESCRIBE 2
METHOD IOR QUICKLY OJETERNINING BOTH JRGANIC AND INORGANIZ
ISPUORITIES. OJRGANIZ IMPURITIES ARE DETERMINED WITH IONIZIMG PLAHZ
5AS CHROMATOGRAPHY, INORGANIC ONES WITH A THERARISTOR SENSOF, Ix
I"0 OPEZRATIONS, AFTER PRECONCENTRATION.

~PERTINENT FIGURES~

FISS. 1 THRY 8  GAS CHROMATOGRAPHY APPARATOS PAGéS 30'1t
34-5//P1GS. 5 THRU 13 CHROMATOGEANS OF IMPURITIEBS 1IN OXYGEN PAGES
37-42//TABLE MAXINMOUHM ALLOWABLS CONTAMINANTS PAGE 32

~BIBLIOGRAPHY=

1E7TMANN . CHROMATOGRAPHY, REINHOLD PUBLISHING C3RP., NEW YORK,
1961// KAISER R. GAS PHASE CHROMATOGRAPHY, 3 ¥OLL. - TRADUZION®
P.H, S3COTT, BUTTERWORTHS, LONXNDON, 1963//TRARCHANT J. ‘MAND EL
PRATIQUE DE CHROMATOGRAPHIE EN PHASE GASZUSE, MASSIN, PARIS, 1964,

" -SOURCE INPORNMATION-

CORPORATE SOURCE -

MINISTERO DELLA DIFESA AZRCNAUTICA, ITALY
JOURNAL PROCEZDINGS - ‘ .

RIV, MZD. AEBRONAUT, SPAZ. VOL 28, 26-45 (JAN-9AR 1965)
Or HER INFORMATION - _ :

002C PAGES, J013 FIGIRES, 00N0 TABL2S, O0OC3 REFPERENCZES
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keys 287 through 288

ANALYSIS FOR TRAZE HYDROTARBON CONTAHINANTS IN OXYGEN
REBOILERS

by

LINDE,H. ¥,
SCHMAUCH, G. E.

00/00/66
SECURITY CLASS ACZ23S LBVEL REPORT CLASS ENTRY BEVAL.
U/Unrestricted Onlimited - Suamary Acceptable
-ABSTRACT-

IN CONHNECTION WNITH A  PROGRAH TO -~ S5TUDY —THE CONCENTRATIONS OF
HY DROCAFRBON CONTANINANTS IN OXYGE¥ - REBJILERS, A GAS
CHROMATOGRAPHIC TECHNIQUE WAS DEVELOPED TO MEASURE C(3) FHROUGH
Z(6) HYDROCARBON AT THE 1 TO 15 PART-PER-BILLION LBVEL IR
VAPORIZED LOX SANPLES. THE PROCFRDURE CONSISTED OF PASSING A LARGD
VUOLUNE OF OXYGEM (3-15 LITERS) THROUGH A SHORT ALUMINA ADSORPYION
COLUNN COOLED T) -78 DEGREES T FOLLOVWING WHICH THE ADSORPYIOW
SOLUMN WAS SWIPCHED INIO A GAS CHROMATOGRAPH CARRIER GAS STREAH.
FHE COJLANT WAS REMOVED AND THE COLOUMN IHHERSED 1IN YATEBR 2P 95
DESREES C. THE HYDROCARBOM CONTAMINAKETS ELUTED PRIY THE RDSORPTIOHW
COLTNN @ ERE CHRONATOGRAPHED ON A 12-POOT DIBUTYL MALEATE COLDNE AT
40 DEGREES C. A SINGLE ANALYSIS COULD BE PERPIRAED I¥ 3C NINUTES.
PHE REBOILERS OJF FPOUR OXYGEN PLANTS WERE SANPLED Ar' WEEKLY
INTERVALS OVER A SEVERAL KCN'’H PERIOD. PROPANE WAS REGUGLABLY
POOND IN <CONCENTRATIONS AS HIGH AS 2300 PPB EACH YHILE THE
PENTANES AND HZXYANES WERE ORDINARYLY BELOW THE DETACTABLE LIHMITS
3UT OCCASIIONALLY ROSE TO THE 20 PPB RANGE.

-PERTINENT FIGURES-
PLI5.1 MODIFIED GAS CHROHATOGRAPH, PAGE 368//F1G.2 FLOW DIAGRAN,
PAGE 368// FIG.3 CHROMATOGRAM OF STANDARD GAS BLEND, PAGE
3707/TAB.1 LIRITS OF HYDROCARBON DETECTION, PAGE 369//TAB.2
HYDROCARBONS IN REBOILER LOX, PAGE 371
~BIBLIOGRAPHY=~ .
N. BRENNER AND L. S. ETTRZ, ANAL. CHENW. 31. 1815, 1959//F. T.
ESSERTSEN AND 2. M. NELSON, ANAL. CHEM. 30. 1080, 1958//C. A.

SAULIN, E. R. MICHAFLSEN, A. B. ALEXAMNDER, JF., RND R. H. SAVER,
CHEM. BENG. PROGRESS Su. NO. 9, 48, 1958

-SOURCE INFORMATION-
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CORPORATE SJURCE -

AIR PRODUOCTS AND CHEMICALS,
JOURNAL PROCEEDIRGS -

ADVANCES IN CRYOG. BNG. VOL

BHG. CONF., 11TH, HOUSTON, TEX, RUG 23-5, 1965}

PUBLISHER - .
PLENUN PRESS, N.Y.
OTHER INFORMATION -

INC., ALLENTOWN,

11, 367-71 (PROC.

PA.

JF 1965 CRYOG.
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keys 369 through 377

SAFPETY JP MATERIALS IN CONTACT WITH LIOQUID OXYGER

by
KELLER,E.E.
02/721/57
SB:ﬁHITY CLASS ACCZSS LEVEL REPORT CLASS ENTRY EVAL.
U/0ther Govt./Contr. Incremrental Gocxcl/l!xc:el._°
-ABSTRACT~-

TEST METHOD AND APPARATOS AND TEST RESULTS OF INPACT SENSITIVITY
OF VARIOUS MNATERIALS 1IN LIQUID OXYGEN ARE "~ PRESBNT BD.. ALSO
PRESENTED ARE AN ABSTRACT OF A PAPER ON BEHAVIOR OJP LIQUID OXYGEWN
ANKD A LITERATORE SURVEY OP REACTIONS OF ORGANIC MATERIALS WITH
LIQUID OXYGEN., CONCLUSION IS THAT HNOST REDUCING AGENTS AND
HY DROCARBONS IN CONTACZT SITH LIQUID OXYGEW CONSTIFUTE R POIBNP IAL
BXPLOSIVE HAZARD.

-PERTINENT FIGORES~

DRAWING IMPACT TESTER PAGES 17-26//TABLE 7 INPACT SENSITIVITY OPF
MAFERTALS IE CONTACT WITH LIQUID OXYGZN PAGES 6-10//TABLE 2 EFFECY
OF TRPACT EMERGY ON SENSITIVITY PAGE 11//TABLE 3 EPFECT OF IHPACT
ENERGY ON SEHSITIVITY PAGE 12 //TABLE 4 INPACT SENSITIVIFY oF
MATERIALS INM CONTACT WITH LICUID OXYGEK PAGE 12(A)

-BIBLIOGRAPHY-

"BERAVIOR OF LIJDID OXYGEN, BY £,  W.  BALIS, GENERAL ELECTRIC
2ONPANY, RPPORT u5783//BERGER, H., CHENICAL ABSTRACTS VOL 35, P.
5704//BORBO, P. 2. CHEMICAL ABSTRACTS VoL 38, P. 865//CLAUDE, G.,
CHENICAL ABSTRACTS VOL 29, P. 8338// CLAUDE, G., CHERICAL
ADSTRACTS VOL 29, P. S5274//HOWARD, H. P., BT AL. U. S, BURBAU OF
MINBES BOULLETIN 503 (1952)/,50X, ANNA, BT AL. JOURNAL OP PHYSICAL
AND COLLOID CHEHISTRY. (1950y eppP. 665-70//DRRCKWORT, P. W.,
CHEMICAL ABSTRACTS VoL 22, P. ©687//UENUBS, A. R. T. CHEXICAL
A3STRACTS VOL 35, P. 1634//LIPLOCK, D. L., CHERICAL ABSTRAZTS VOL
47, P. 5686//FPASTOVSKII, V. G., BT AL. JOURNWAL OF  PHYSICAL
CHERISTRY (USSR) VOL 15 {1941y pp., 523-531// FEDEROVA, H. P.,
JOUBNAL OF PHYSICAL CHENMISTRY (DSSR) 9vOL 18 (1980) PP, 422~
426 //HENGLEIN, P. A., CHEMICAL ABSTRACTS vOorL 20, P, 1716//HONELL,
5. P., U. S. BUREAU OF MINES, TECHNICAL PAPER ND). 29a
(1923) //HUHTER, M. A., JOURHAL OP PHYSICAL CHENISTRY VoL 10,
{(1906) PP, 330~360//1ISHKIN, I. P., JOURNAL JP PHYSICAL CHEMISTRY
(USSRY VoL 13 (1939 pPP. 1337-1339//MCTARTRY, L. V., CHEMICAL AND
ENGINPERING NEWS VOL 27 (1949) P, 2612//8ITTACH, A., CHEMICAL
A3STRACTS VoL 20, P. 1716//NOMDRA, Y., CHENICAL ABSTRACTS VYOL 4&,

26
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P. 9673// BUDING, J., ZHEMICAL ABSTRACTS VOL 47, P, 8373.

-SOURCE INFOEMATION-

CORPORATE SJOORCE -

GENERAL DYNAMICS/CONVAIR, SAN DIEGD, CALIF.
REPORT NUMBER -

GDC-8614//1D-831283
Or HER INFORMATION -

0028 PAGES, 0001 FIGURES, 0008 TABLES, 0023 REPEREHCZS
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keys 412 through 412

REVIEW DF HEW SOLUBILITY DATA FOR CERTAIR HYDROCARBONS IN
LIQUID OXYGER

by
BALL,¥%,.L,
00/00/66
SECURITY CLASS ACCBSS LEVEL REPORT CLASS EETRY EVAL.
U/0nrestricted Unliuitad Incremental Acceptable
-ABSTRACT-

THIS IS A SHORT REPURT ON EXPERINENTAL. MEBASURENENT OF THE
SOLUBILITY JF CERTAIN HYDROCARBOMS DISSOLVED IN LIQJUID JXYGEN. THE
SOLUBILITY LIAIT DID NOT CHANGE HEASURABLY POR 30 TO 90 PSI
PRESSURE CHANGE. A DESCRIPTION OP THE TEST APP22ATOS IS, G'?BH AND
RESULTS OF TESTS ARE TABOULATED.

~PERTINENT FIGURBS~

FIG.1 LIQUID PHASE SOLUBILITY APPARATUS, PAGE 12//TAB.1 LIQUID
PHASE SOLUBILITIES IN NOLAR PPH, PAGE 12 . '

. . ~SOURCE INPORNATION-

CORPORATE SOURCE - - . o
AIR PRODUCTS AND cuznxcans, INC., ALLENTOWN, PA,
JOUrNAL PROCEEDINGS - _ S
SAPETY IN AIR AND AMMONIA PLANTS, V3L 8, 12-3 (PROC. OF
MINNEAPOLIS SYMP. PROM S57TH A.I.CH.Z. HEETING, SEP 26-3,
1965) o . ,
PUBL ISHER -
AMERICAN INSTITUTE OF CHEMICAL zucxnszns. u.v.
OTr HER INFOFSYATION - o
0002 PAGES, 7001 PIGURES, 0001 TABLBS, 0000 REFERENCES
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keys 419 through 4219

SAMPLING AND AMALYSIS OP LIQUID OXYGEN, SUPPLEMEBNT TO
SUMMARY PROSRESS REPORT NO, U :

by
ENT,4.L.
0n7,00/60
SECURITY CLASS ACCESS LEVEL RZPORT CLASS ENTRY EVAL.
U/Unrestricted NTIS - Suseary Good/Excel.
-ABSTRACT~-

THIS SUPPLEMENTAL REPORT TO - THZ-:STODY- -QF--_-LIQUID. OXYGEN
CONTAMINATION DISCUSSES THE SANPLING TECHNIQUES AND AN'YTICAL
METHODS WHICHK HAVE PBEEN USED 1IN BOTH THE PRODUCTION ANL SE OF
LIQUID OXYGEN. THE SAMPLING TECHNIOQUES AND ANALYTICAL MNETHODS
WHICH AKRE NBEDED AND USED HAVE BEEN ESTABLISHED TO MEET THE
REQUIREMENTS DF SEVERAL DIPPERZNT ASPECTS OF THY PROBLENM, SUCH AS,
MONITORING FPOR OYYGEN PURITY, MAINTENARCE DQJF CIONBUSTIBLES BEBLOW
DANGEROUS CONCENTRATION LEVELS, CTCNTROL OF SOLUBLE CONTAMIHANTS,
AND CONTROL OF SFTSPENDED OR CONTAIRED SJOLID. SABPLING AND
ANALYTICAL TECHNIQUES WHICH ABZ THE MOST ACCURATE, SENSIVIVF, AND
ReLIABLE OF THOSE METCHODS DISCUSSED, ARE R2COARENDED. THE
RECOMMENDED TECHNIDUNES COVER PURITY, TOTAL HYODROCARBON, CARBOR
DIOXIDE, ACETYLENE, WATEER, AND PARTICULATES --FOR BOTH PRODUCZTION
SEREANS, AND LIQUID IN STORASGE.

-PERTINENT FISORES-

FIS.1 SABPLING METHCDS, FAGES. 11, 12, AMD 13//F1G.2 ORSAT OXYGEE
TEST, PAGE 22//P1G.3 OBW POINT TEMPERATURE OP WATER VAPOR IN AIR,
PAGE 29//TAaB.1 SEZLECTED PRYSICAL-CHENICAL PROPERTIES OF LIQUID
UXYGEN CONTANMINANTS, PAGE 3 //TAB.2 CO(2) CONTAMINATION STUDY AT
MAPTIN-DENVER 75 T/D LIQUID OXYGEN PZACILITY, PAGE 16//TAB.3
TYPICAL CONTAMINANT CONCENTRATIONS IN HIGH PORITY LOX, PAGE 26

-BIBLIOGRAPHY~

HODpGRAN, C. D., EDITOR-IN-CHIZP, HAHDBOOK ©OF CHEHISTRY AND

PYYSICS, FORTIETH BLITION, CHEMICAL ROUBBER PUBLISHING COFMPANY,
SLEVELAND, OHIO// MCKINLEY, C. AND HISMELBERGER, P., OXYGEN PLANT
SAFETY PRINCIPLES, CHEMICAL ENRSINEERING PROGRESS, MARCH 1957, P.

‘112-M//21EGLER, ¥. T., THE VAPOR PRESSURES OF SIYE HYDROCARBONS IN

THE LIQUID AND SOLID STATE AT LOW EMPERATURES, U.S. DEPARTMENE OF
ZOMMERCE, NATIONAL BUXIEAU OF STANDARDS, TECHNICAL ROTE NO. 4, MAY
1959//LANG, N. A. (BD.Y, HANDBOOK or CHFEMISTRY, HANDBOOK
PUBLISHEFS, INCORPORATED, SANDOSKRY, OHIJ, 1952, P. 1584//8AILEY,
B. 1., VIGNALE, V. J., AND STERNEPF, C. J., STUDY O7 LIQUID OXYGERN
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CONTAHINATION, SURNARY PROGRESS REPORT NO. &4, AIR PRODUCTS.
INCORPORATED, COSBTRACT NO. AF 33(616)-6730, ARDC, USAP, Z2DWARDS
APB, CALIPORNIA, JULY 1960, APPENDIX V//PEDERAL SPECIFICATIOE
BB-0-925, JXYGEd, Cvy.5 PERTENT GAS AED LIQUID, SEPrEHMBER 16, 1954,
BEVISED JUNE, 7357, PARAGRAPH 4.2,3

~SOURCE INFORMATION-

CORPORATE SJURCZ -
AIR PRODOUCTS, INC., ALLENTOWN, PA,
REPOBT NURBER -
AD=-253232
SPONSOR -
~ RIR FORCE PLIGHT TEST CENTER, EDYARDS APB, CALIP.
CONTRACT NUMBEBR - ' ~
CONTRACT AP 33 (616)-6730
OT HER INFORHATION -~ : o
- 0048 PAGBS, 70003 FIGURES, (003 TABLBES, 0006 REPERENCES
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keys 422 through &24
STODY 2P LIQUID OXYGZAN CONTAMINATION. PROG. RPT. NO. 5
by

POSTER, R.H.
VANGELDER,V¥.

X ERAT, E.
10/00/60
SECURITY CLASS 'ACZE3S LEVEL REPGRT CLASS ENTRY ETFAL.
d/0nrestricted NTIS Incranental : God24d/Excel.
~-ABSTRACT-

THIS PROGRESS REPORT DISCUSSES EXPERITENTAL WORK DONE ON THE

FILTRATION JF SOLID CARBON DIOXIDE (CO(2y) FPROM LIQUID OXYGEN AND
ON HYDROCARBON ZILM IGNITION IN GASZOUS OXYGEN. THE EQUIPHENT AND
METHODS USED IN THE EXPERIMENTS ARE SHOWN AND DESCRIBED AN THE
RESILTS OBTAINED TO DATE ARE DISCUSSED. IT HAS BECOME OBVIOUS [ HA?
COMPLETE FILTRATION OF CO(2) SNOW FROM LIQUID JXYGEN IS DIFFPICULT
AND EXTENSIVE WJ)RK MAY BE RIQUIRED TO PROVIDE AN ADEQUATE B&SIS
fOR THE RECOMMENDATION OF FILTEP DESIGN. RESULTS 2JF THE
HY DROCAREON FILAR TESTS INDICATE THAT THE LUBRICANT CONPUNENT
N-HEXADECANE SAPE PILM <CONCENTRATION IS PERHAPS 100 HG/S2.F7T.

RATHER THAN 4 MG/S).FT. AS SPECIPIED AT YARIOUS MISSILE BASES. & .

FILA THICKNESS OF 250 MG/SQ.FfT. CREATES- A VISIBLY -OILY SURP&ZE,
WHILE S00 ¥G/S).PT. PRODUCES A FILHN HAVING DEPINITEZ ZFLOS
CHARACTERISTICS. THE LATTER SHOULD NEVER BE .TOLERATED IN ARY LOX
SYSTEM BECAUSE PILMS THICK ENOUGH TOQ FLOW ARE CAPABLE OF

ACCUMULATING IN PUDDLES.

-PERT INENT FIGURES-

P1G.1 APPARATUS FOR EXARINATION OF SOLID CARBON DIOXIDE PILTERING
PAENOMENON, PAGE 9//FIG.7 PLASTIC FILTEP ASSEMBLY WITH CYLINDRECAL
FLLTER ELEMENT (PULL SIZE), PAGE 15//PEG.8 PILTRR ASSEMBLY AS
MODIFIED MITH SIDE TAKE-OPF POR HIGH REYHOLDS NUMBER (PULL SIZE),
PAGE 15//PIG.9 REYNOLDS NUMEER BEPORE FILTER (10 MICRON PIORE SIZE)
QUIZSCENT STATE, PAGE 22FIG.10 REYNOLDS XUSBER BEPIRE FILTER (10
MICRON PORE SIZE) VIBRATED PFILTER, PAGE 23 //FIG.11 RIYEOLDS
NUMBER BEFORE -  PILTER, PAGE 24//FIG.13 PERCENT RECOVERY OoF
HEXADECANE AFTERX SPARK IGNITION, PAGE 28//TAB.I RESOLTS OF CO(2)
PILTRATION RUNS, PAGE 17//TAB.II RECOYERY OJF N-HEXADECANE FROS
HY DROCARBON- IGNITION T2STS, PAGE 29

~BIBLIOSRAPHY-

BAILEY, B. H; AND VIGNALE, V. J., STUDY 07 LIQUID OXYGEN

CONTAMINATION, PROGRESS FZPFORT NO. 1, ©ATED DJCTIBER 1959, AIR
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NIy

POBCE COUWTRACT NO. AP 33(616)-6730. AIR PRODUCTS, INCORPORATED,
ALLBNTOUN, PENNSYLVANIA// BAILEY, B. K. AND VIGNALB, V. J., STUD?
OF LIQUID JXYGEX CONTANINATION, PROGBRESS REPORr H0. 2, DATED
JANUARY 1960, AIR FORCE COXPRACT ©¥NO. AP 33(616)-6730. dIR
PRODUCTS, INCORPORATED, ALLEBNTOWN, PENNSYLVANIA// BAILEY, B. HN.
AMD VIGNALE, V. J., STUDY OF LIQUID OXYGEN CONTAAINATION, PROGREBSS
REPORT §J. 3, DATED APRIL 1960, AIR POHCE CONTRACT NO. AP
33(616)-6730. AIR PRODOUCTS, INCORPORATED, ALLEATOWN,
PENNSYLVANIA// BAILEY, B. M., STERNER, C. J. AND VIGNALE, V. J.,

. STUDY OF LIQUID OXYGEN CONFAININATION, PROGRESS REPIRT NO. 4, DATED

JOLY 1960, AIR PORCE CZONTRACT AP 33(616)~6730. AIR PRODUCTS,
INCORPORATED, ALLENTOWNN, PERNSYLVANIA//BNT, W. L., SAMPLING AND
ANALYSIS OF LIQJGID OXYGEN, SUPPLEMENT TO SUMMARY PROGRESS REPORY
NO. 4, AIR PORCE CORTRACT RO. AP 33{616)~-6730. AIR PRODUCTS,
INCORPOBRATED, ALLENTOWN, PENNSYLVANIA//LBSUEBR, J. C. AND WILLIAAMS,
<« L., INTERIN STANDARDS POR LIQUID OXYGEN 3YSTRH#S, STL/3#D,
APMTC, MAY 8, 1959//PAL4YBR, K. N., SELBCTED ASPECTS OF GAS Ai¥D
VAPOR EXPLOSIOHWS, PROGRESS REPORT HO. 38, JOUR, I¥ST.  PORL 29,
293, 1956. '

-SOURCE INPORMATION-

CORPORATE SOURCZ -
AIR PRIDUCTS AND CHEMICALS, INC., ALLENTOWN, PA.
RE PORT RUMBER -~
AD-261738//4.P.1I. RESELARCH PROJ. NO. 03-9-2881
SPONSOR - , :
AIR FORCE PLIGHT TEST CBNTER, EDWARDS APB, CALIP.
CONTRACT NUHBER - :
AP 33(516)-6730
OTHER INFORMATION - .
0037 PAGES, 003 PIGURES, 0002 TABLES, 0007 REFERERCES
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Reys 436 throagh 4139

OPERATIONS POR SAPETY

by
YCBKER,B.?.
07/00/59
SECURITY CLASS ACCESS LEVEL REPGRT CLASS ENTRY EVAL.
U/Unrestrictad’ Unlizited ) Summary Good/Excel.
~ABSTRACT~-

NUMEROOS ASPECTS 032 CRYOGENIC PLANT SAFETY ARE REVIEJED. THE
IRPORTANCE OF PLANT STABTUF HAZARDS ARE DISCUSSED, W®ITH SPECIAL
EMPHASIS BEING GIYEN TO USING AN EXPERIENCED -GRERIZING . TREH,.
cHECKING EMERGENIY. BQUIPAENT, CLEANING OUT INITIAL PIPING
CONTAPINATICN, AND THZ (NITIAL OPERATING . EQUIPMENT JCHZCKOUOT.
SPECIFIC TOPICS OF PLAMT SAFETY DISCUSSED APE TOTAL HYDROCARBOW
AND ACETYLENE CCNTRNINAT ION, ACETYLZENE SILUBILITY, AND
CONTAMINATION LIMITS, CONTAMINATION MORITORING, LOX STORAGE [PANK
-<LEAKING HKRETHODS AND CRITZRIA, AND THE USE OF NJDN-SPARKIMNG TOOLS
IN OXYGEN ENRICHED AND HYDKOGEN ENVIRONMENTS. TSE HRZARDS
ZNUMERATED ARE BRIEPLY DISCUSSED AND THE EXISTING JPERATING POLICY
JE THE AIR PRIDCITS COMPANY TOWARD MININAIZING THESE HBRZARDS IS
SIVEN. '

-PERT INENT FPIGURES-

CAB. 1 MONITORING FOR CONTASINANTS PAGE 43

-SOURCE INFQRMATIOW~ . ) T

CORPORATE SIURCE - C
AIR PFODUCTS AND CHEMICALS, INC., ALLENTOHN, PA.
JOURNAL PROCEEDINGS - :
CRYO5. SAPETY COMP., PROC. OF., SESSION 4, 41-3, ALLEETO®N,
Pi., JOUL 1959 .
PUBLISHER - :
RIR PRIDUCTS, INC., ALLENTOWN, PA.
OTHER INPORNATION - , o
0008 PAGES, 0000 PIGURES, 0001 TABLES, 0000 REPERERCES
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keys 451 through 456

SOUBCB§ OF COXTAMINATION, TOLERABLZ LIMITS, AND REMEDIAL

PROCEDURES
by
BALL,Ww.L.
07/00/59
SECOURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL.
U/Unrestricted Unlimited Suamarcy Good/Excel.
-ABSTRACT-

MANY OF THE PIOBLEMS ASSOCIATED F®ITH CORTAMINANTS IN AIR
SEPARATION PLANTS ARE DISCUBSSED, THE SOGCRCES OF CONTAHINATION, THE
TOLZRADBLE [HORMAL OPERATING LIMITS, THE MAXIMTM SAPE OPERATING
LINITS, AND REMEDIAL PROCEDURES TO BE TAKEN WHEN THZ2 “AXIMNON LINMIT

‘1S BEXCEEDED. THE RELATIONSAIP BETVEEN THE GAS PHASE FLANNABILITY

LINITS JF FUEL-DXYGEN NIXTURES SOLUBLE OR SOLID PUEL CONTAHINANTS
IN LIQUID OXYGEN ARE BRITFLY DISCUSSED. THE EQUILIBRIUM
SOLUBILITIES OF SITRIC OXIDE, NITROGEN DIOXIDE, THE LIGHTER
SATURATED AND UNSATURATED HYDROCARBONS, AND ACETYLENE IN. LIQUID
OXYGEN ARE GIVEN. THE LOWER PLANMABILITY LIAITS OF THE LIGHTER
{YDROCARBONS IN GASEON3 OXYGEN ARE GIVEN. DESIRABLE LOCATIONS POR
CONTAMINATION SAMPLING POINTS, AND PLAC2S WHERE CONTAMINAKTS WOULD
BE MOST LIKELY TO CONCENTRATE IN AN AIR SEPABATION PLANT ARE
GIVEN. THE PURIPICATION ROLES OF ALSORBERS, DRYERS, PURIPIERS,
SCRNBBERS, PILTERS, HZAT EXCHANGERS, INTERCOJLERS, AFTERCOOLERS,
AND REGENERATORS POX REMOVING CONTAMINANTS IN A TYPICAL AIR
SZPARATION ' PLANT  PROCESS AFE DISCUSSED. SPECIAL ~ PROBLEAS
ASSOGIATED WITH JZONE, NITRIC OXIDES, ARD ACETYLENE ARE REVIEHED,
PRECAUTIONS TO BE. TAKEN WEEN SHUTTING DOWN A PLANT -BECAUSE OF
ZXCESSIVE C3¥TAMINATION AND ASSOCIATED ZONTAMINATED FLUID DISPOS AL
ARE DISCUSSED. THE APTICLE PRESENTS A CONCISE, GENERAL PICTURE OF
IHE CONTAMINATION PROBLEMS ASSCCIATED VITH AIR SEPARATION PLANTS.

~PER.INENT FIGURES~

?L5.1 SOLUBILITY OF SATUPATED HYDROCARBONS IN LIQUID OXYGEN, PAGE
11/7/7F1G.2 SOLUBILITY QF UNSATURATED HYDROCARBONS IN LIQUID OXYGEN,
PAGE 72//FIG.3 EOXNCIRZULATING OXYGEN SYSTENM, PAGE 73//P1G.4
CIRCULATING OXYGEN SYSTEM, PAGE 74//P1G.S5 SINPLIFIED FLOW DIAGRAMNM,
IYPICAL HIGE PRESSURE AIR SEPARATION PLAHT, PAGE 76//TAB.1 GAS
P{ASE2 PLAMMABLE LINIT~-CARBON ATOM APPROXINATION, PAGE 70 . - - .-

B

~SONRCE INPORMATION-

; ORIGIy
CORPORATE SJURCZ = | ' C%‘ﬁg\AL PAGE [g
AIR PRODUCTS AND CHEMICALS, INC., ALLENTOWN, PA. _ CR QUALITY
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JOURNAL -FROCEEDINGS = _

E% CRYOG. SAFETY CONP., PROC. OF., SEMINAR NO. 2, 69-78,
£ ALLENTOWN, PA., YL 1959

geg: PUBL ISHER -

& AIR PPODUCTS, INC., ALLENTOWN, PA,. ‘
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keys 546 through 553

SAFETY ASPECTS OP REZONSTRUCTED ICI TONNAGE OXYGEN PLANT

by
MATTHEWS,¥.D.
O¥EN,5.5.
00/00/63
SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL.
U/Unrestricted Unlimited .Summary Gocd/Excel.
-ABSTRACT~-

ON 21ST APRIL, 1959, A SERIOUS EXPLOSION OCCURRED IN THE TONNAGE

OXYSEN PLANT AT THE WORKS OF IMPERIAL CHERICAL INDUSTRIES LINITED =

AT BILLINGHANM-ON-TEES, ENGLAND, DURING THE COMNMISSIONINRG
PROCEDURES. THE EYPLOSION CAJSED THREE DEATHS,. AND BXTENSIVE
DA MAGE BOTH TO THE PLANT AND TO NEAR3Y PACILITIES. A COMPREHENSIVE
AND DETAILED INVESTIGATION WAS UNDERTAKEN JOINTLY BY AIR PRODUCTS
LTD. ANC ICI, AND EXPEFT ASSISTANCE WAS ALS) PROVIDED ZROM
INDEPENDENT SOURCES. WHILE THE INVESTIGATION COMCLUDED THAT THE
CONSTITUENTS OF THE BXPLOSIVE MATERIAL WERE HYDRJICARBON OIL PRON.
THE LUBRICATING SYSTEM JF THE TURBO EXPANDERS AND LIQUID OXYGEW
PROM LEAKING FIPE JOINTS IN THE COLD BOX, A CRITICAL REAPPPAISAL
(IN THE LIGHT OF THE GROWING KNOWLEDGE OF THE HAZARDS  ASSOCIATED
WITH AIR SEPARATION PLENTSY OF ALL ASPECTS JFP PROCESS AND
ZNGINEBRING L[ESIGN, FABRICATICK AND ERECTION, WHICH <COULD BE

REGARDED IN ANY WAY AS BEING POTENTIALLY HAZARDOUS, WAS UNDERTAKEN

BY ICI AND A™" PRIOR TO AND DDRING YfHE RECONSTRUCTION OF THE
PLANT, AT TH. SAME TIME, AIR PRODUCTS LTD. INTRODUCED CEBRTAIN
IMPROVEMENTS RELATING TO THE CYICLE, THIS - PAPER, HOWYEBVER, IS
COKPINED TO CONSIDERAPION ONLY OF THOSE .CHANGES MHICH WERE
RZLPVANT TO SAFETY. '

-PERTINENT PIGURES~

PIG.9 FINAL DESIGN CP LOX JOINT, PAGE 9//?16;10 STRESS VARIATION
IN LOX PLANGE BOLTS DURING COOLINS CYCLES, PAGE 9

-SOUFCE INPORMATION=-

.oRpoaarz SJIURCE .~ -
IMPERIAL CHEMIZAL INDUSTRIES, LID.,/BILLIJQHAH/ENGLAND
JOOURNAL PROCEEDINGS -
SAPETY IN AIR AND AMMCNIA PLANTS, VOL 5, 1-15 (PROZ. 9P A
SYMP, AT DENVER, ~oLo, ADS 26-9, 1962) . .. ’ ’
PUBLISHER -
AMERICAN INSTITUTE OF CHEMICZAL enc:uzzas. ‘NEW YORK
OTHZR INFORMATION -
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keys 558 through 561

SAPETY IN DISPOSAL OF LARGE QUANTITIES OF LIQUID OXYGEN

by
4CHMURRAY,T.R,
00/00/62
SECURITY CLASS ACCE3S 'LEVEL FZPORT CLASS ENTRY EVAL,
J/0nrestricted Unlimited : Jancremental Good/Excel.
-ABSTRACT-

THE MAJOR HAZAPD COVERED IN THIS ARTICLE IS ENCOUXTERED BECAUSE OF

OXYGENS AFFINITY FOR HYDROCARBONS. THE HYDROCARBOK. HKRZA®RD.-I.S ¥2T .

CONPINED TO EXTZPNAL SOURZES OF CONTANINANTS ALONE. THE REASON
POR DISPOSING OF THE LIQUID MAY BE A HIGH HYDROZARBOY¥
SINCENTRATION WITHIN THE OXYGEN OP THE MAIN REROILER ITSBLP. [HIS
PROBLEM 1S NOT LIMITED TO THE LCISPOSAL OF LIQUID DXYGBN ALONE.. IN
ITHE DRAINING DF OXYGEN-RICH LIQUIDS, OR EVEN AIR, SLOW EVAPORAT IOE
IN A POT WILL GRADUALLY ENRICH THE OXYGEN CONTENT. OXYGEN PURITIES
ABOVE 98 PERCENT ARE READILY ATTAIEABLE, AS THE LASF LIQUID

° VaPORIZES, IP THE BOILING IS SLOW ' ENOUGH PJB . EQUILIBRION

CONDITIONS TO EXIST. THUS, THE HERE 'PRESENCE OF VNITROG®H IN THR

LIQUID DOES NOT ELIMINATE THE HAZARD QR PERAIT CARELESS DISPOSAL
TECHNIQUES. ON THE CZONTRARY, WHERZ TRAHNSFER LINE GBL TRAPS OR
THEIR EQUIVALENT ARE USED, THE OXYGEN-FICH LIQUID TAKER BEPURE THE

TRAPS MAY PRESENT A PAR GREATER DISPOSAL HAZARD THAN THE CLEAW
LIQUID OXYGEN PEOM THE REBOILER. THIS GFEATER HAZARD BEING.CREATED
BY CONCENTRATING BOTH THE HYDROCARBOHES AND THZ OXYGER AS THE
LIQUID BVAPORATES. THE FIRST ITEM IN ANY LIOUID DISPOSAL SYSTEA
THAT MUST BE CONSIDERED IS THE DESIGN OF THE LIOQUID DRAIN PIPING

PROM THE MAIR OXYGEN REBCILER OR OTHER VESSEL TD THER . POINT OF.

LIQUID DISPISAL. THEFZ ARE A FEW GENERAL CONSIDERATIONS TO BE KEPY

IN MIND DUPING THE DESIGN OF THIS PIPING, AND THESE ARE DISCUSSED. -
SEVERAL NETHODS JP DISPOSING OF THE LIQUID OXYGEXK HAVE BEEN TRIED

‘-IH THE PAST YEARS INCLUDING THE USE OF LARGE TANKS, GRAVEL-PILLED

DRAIN PITS, AND VARIOUS STYL2S OF HEA? EXCHANGERS. WHILE CLEAK

TANKS HAY BE CONSITCERED A .SAFE HEANS:OP HOLDING THE LIQUID UNTIL
"I VAPORIZES FROM NATURAL OR SUPPLIED - HEAT LEAK, UNDER SONE

ZONDITIONS THE 3SRADUAL CONCENTRATION OF (HYDROCARBINS, PARTICULARLY
ACETYLENE, CAN MAKE THIS METHOD POTENTIALLY DANGEROUS. THIS HAZARD -

IS MORE SEFRIOUS WITH CONTAMINATED OXYGEN-RICH LIDUIDS SINCE THE
SLOW BOILING - INCREASES BOTH THE: OXYGEN AND HYDROCARBON
CONCENTRATIONS. THIS METHOD AAS HAD A FPAIRLY G3DD SERVIC2Z REZORD,
BUT IT SHOULD BE AVOIDAD . WHERE POSSIBLE. THE BEST MET'HOD OF
_VAPORIZING LIQUID OXYGEN IS IN A VAPORIZER IN WHICH THE OXYGEN IS
PLASHED TO GAS AT AMBIENT OR HISHER TEWPERATURE. THIS ENSURES T HAT
THE HYDROCAEBONS, ANL ESPECIALLY ACETYLENE, ARE ALSO VAPORIZED
INSTANTANEDNSLY AND CANNOT ACIZUMULATE TO HRAZARDOUS PROPORY IONS

THE WETHOD IS DETAILED IN THIS ARTICLE. - :

38
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CORPORATE SOURCE -
_UNION CARBIDE CCRP., TONAWANDA, NEW YORK. LINDE CO.

JOURNAL PROCEEDIN
SAPETY IN AXI
SYNP. AT LAK

PUBLISHER =-.
AMERICAN INS

OTHER I NFORMATION
0004 PAGES,
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keys 570 through S71
REROILERS AND VAPORIZERS
by

HOGILL,J.T.
YOUNG, V. N,
ANDERSON,C.P.
SINNS, R.K.
COCHRANE ,G.S.
ET AL

05/00/70

SECURITY CLASS ACZESS LEVBL REPORT CLASS ENTRY EBVAL.
U/0nrestrictad Unlimited Summary None Given

-ABSTRACT-

THIS IS A TRANSCRIPT OF AN AIR SZPARATTON PLANT SAPETY SYNPOSION
COBVENED AT THE A.I.CH.&. NATIONAL MZETING IN ST. PAUL, MINNESOTA.
TOOCHED OJON IN THIS SHORT ARTICLE ARE CORTANINATION LINMITS AND
ANALYSIS, THE NAVY CRYOGENIC SAMPLER, AND SOME TRIVIAL COMMENTS ON
NITROGEN OXIDES IN LIQUID OXYGEN.

-PERTINENT PIGURES-

PI5. DETAILS ON SANPLER PREPARATION, PAGE 7 _ e

= ~SOURCE INFORMATION-

_SORBORATE SOURCE =~ - , ,
L AI® . LIDQUIDE, MONTRBAL//NAVAL AIR STATION, ALAHEDAR,
CALIP.//LINDE CO.// PHILLIPS CHERICAL <CJ., BARTLESVILLE,

" "OKLA.//SUN OIL CO., PHILADELPHIA, PA.
JOURNAL PRBOCEEDINGS - _
-© CHEM. ENG, PROG. VOL 56, NO. 5 (EAY 1960) (PRES. AT A.I.CH.E.
- NAT. SYMP., ST. PAUL, HNINN,, HNAY=-JUN 1960, REPRINTED IN
. * SRPETY IN AIR AND AMMONIA PLANTS YOL 2, 6-8)
OTHER INFOPMATION - )
0003 PAGES, 0001 FPIGORES, 0000 TAELES; 0000 REFPERENCES
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keys 580 through 583

A .

&: SAFE DESIGN AMD JPERATION OF LOW TEMPERATURE AIR SEPARATION

5 PLANTS

B

e , KERRY,F.G.

: OKIGINAL PAGE 15 '

A OF POOR QUALITY 11/00/56

£ SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL,
o J/Unrestricted Unlimited ' Summary . Good/ Excel.
£ ~-ABSTRACT-

iy P4E HISTORY 0P OPERATICN OF AIR SEPARATION PLANTS POR - :PRB:. 3~ -o.. <.
E

PRODUCTION JF OXYGEN HAS BEEN RELATIVELY P?REE JF EXPLOSIONS AND
SIMILAR SUCH ACZIDENTS PRIMARILY DUE TO CARZFUL ATTENTION IO SAFE
OPERATING PRACTICES AND SAFE DESIGN OF PLANTS. THERE HAVE BEEN A
NUMBER OF SERIDUS ACCIDENTS AND EXPLOSIONS HOWEVER, PARTICULARLY

IN RECENT YEARS IN SOME CF THE LARGER PLANTS THAT OJOPERATE
CONTINUOUSLY. THESE HAVE BEEN DUZ MOSTLY TO EXCESSIVE LEVELS OF
ACETYLENE OR OTHER HYDROCARECN CONTAMINANTS. STUDIES HAVE REVEALED
THAT BREAKDOWN OP LUBRICATING OILS IN THE COHPRESSOR OR EXPAEDER

_ AND RELATED CONTAMINATION OF THE AIR STREAN HAS LEAD TO EXZESSIVE
. - HYDROCARBON LEVSLS IN THE LIQUID OXYGEN. PROPER PLANT DESIGN AND
- OQPERATING PROCEDURES CAN ESSENTIALLY ELIMINATE EXPINDSIONS AND

PR

PLANT DESIGN FEATURES, SAFE OPZRATING PRACTICES AND EXAMPLES OP
CONTAMINATION LEVELS AND THEIR CONTROL.

. -
L4

T . -PERTINENT FIGURES~-

21I5.2 ACETYLENE AND HYDKOCAFBON CONTENT VS WIND DIRECTION, PAGE
5//FP1G.3 STANDARD PLANT - NO AUXILLARY VAPJORIZER, PAGE 7//FI5.H
STANDARD PLANT .. WITH  AUXILLARY VAPORI ZER, PAGE 87/PIG.5S
ZORCED~-FEED, *FILM TYFE VAPORIZEP, PAGE 6

IR ARSI D VY S T S Y ST S ST AT R AN AT A 1y

TETIY

. "=BIBLIQOGRAPHY~

LENHER, A., J.A.C.S., 53, 2962 (1931). PIERRAIN, JEAN, CHINIE ET
INDUSTRIE, 189, 70, NO. 2 (AUGUST, 1953)//GIBSON, C. H., AND C. N.
1I NSHELWOOD, -PROC.. &OYs SOC. LONDON, A, 130, 640 (1931) //LENHER,
5., J.A.C.S., ‘53, 2962 (1931) //NORRISH, R. G. ¥., AND J. WALLACE,
PROC. ROY. SOC. LONDCN, 150, 36 (1935) //NORRISH, R. G. W., AND J.
5. A. GRIFFITHS, PROC. ROY. SOC. LONDON, A, 139, 147 (1933)//BOSE,
¥. A., AND S. G, HILL, PROC. ROY. SOC. LONDON, A, 129, 434
(1930)//30ST,- *¥., EXPLOSION AND COMBUSTION PROCESSES IN GASES,
M.GRAW~HILL PUBLISHING ZOBPANY, NEW YORK (1946)//STEPHENS, E. R.,
W..2. SCOTT, P. L. HAUST, AND P. C. DOERR, PREPRIKT LECTURE TO
A.P.I., MONTREAL (MAY 16, 1956)
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~SOURCE INPORMATION-

CORPORATE SOURCE -
ABERICAN AIR LICOIDE, INC., NEY YORK CITY, K.Y.

JOURNAL PPOCEEDINGS - _ ’
CHER. ENG. PROG. VYOL 52, ¥O. V1, 8481-7, WOV 1956 (PRESENTRD
AT BOSTON ANRUAL MEETING O? A.I.CH.E., REPRINTED IN AIR AND
AMNONIA PLANTS, VOL 1, 3-9)
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keys S84 through 587

THE ROLE OF AIR CONTAMINANTS IN FORMULATING JDXYGEN PLANT
SAPETY PRINCIPLES

by
MCKINLEY,C.
HIMMELBERGER,F.
03/00/57
SECURITY CLASS ACCESS LEVEL FEPORT CﬁASS ENTRY EVAL.
U/Unrestricted Unlimited Summary Good/Excel.
-ABSTRACT -

PHIS ARTICLE T[RACES THE HISTCRY OF THE UEVELOPNENT OF  AIR ~

SEPARATICN PLANTS RELATIVBE TO SAFETY FROM EXYPLOSIONS JJE TO
CONTAMINANTS THAT REACT WITH OXYGEN. A TADLE OP ABOUT 25 COMMON
CONTAMINARTS IN AN AIR PLANT SHOWS THE NORMAL BOILING AND PRBEZ ING
POINTS. ANOTHER TABLE SHOWING THZ SOLOBILITY LINITS OF MIST OF
THESE CONTAMINANTS IS ALSO GIVEN. THE EXPLOSION CHARACTERISTICS
AND FLAMMABILITY LINMITS OS SEVERAL OF THE CONTANINANTS IN LIQOUID
OXYGEK ARE DISCUSSED. METHODS OF CONTAMINATION LEVEL CCKIROL OR
REMOVAL ARE MENTIONED. ALSO DISCUSSED ARE NETHODS 2P PRBVENTING

- EXPLOSIONS. EXPZRIMENTAL EXPLOSION TEST DATA IS.GIVBN.' CONFINUOUS

HYDROCARBON ANALYSIS IS RECOMMENDED.

-PERT INENT FIGURES-

PiG.1 METHANE-LIQUID OXYGEN PHASE SYSTEHN, PAGE 11//F1G.2

SIHANE-LIQUID OXYGEN PHASE SYSTEH, PAGE - 11//FIG.3 BXPLOSION .
TESTINS APPARATUS, PAGE 17// - FIG.4 SCHEMATIC DIAGRANM OP CONTINUGOUS

TOTAL HYDFOCARBON ANALYZER, PAGE 15// FIG.6 SAMPLE STRIP CHART
?ROM ANALYZER SHOWING OPERATING CYCLE, PAGE 17// TAB.1 PROPERTIES

OF SOME AIR CONTAMINANTS, PAGE 11//TAB.2 SOLUBILITY OP YARIOUS

MATERIALS 1IN LIQUID OXYGEN, PAGE 11//TAB.3 GAS PHASE ~FZLANMABLE

LINIT - CARBIN ATOM APPROXIMATION, PAGE 15//TAB.Y FLAMNABILIFY AND

JETONABILITY LIMITS - GASES, PAGE 15//TAB.5 EXPERIMENTAL BYPLOSION

TEST DATA, PAGE 14// TAS,6 TYPE OF CONTAMINANT ANALYSES. PAGE 17
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kays 2079 through 2080

LONG~TERNM STORAGE OF LIQUID OXYGEN

-ABSTRACT-

WHBY¥ LIQUID OXYSEN IS STORED, THE ONLY REAL HAZARD IS PRESENIED BY
THE GRADUAL ACCOURULATION OF ACETYLERZ OVER A LONG PERIOD OF TINME.
[F ON-SITE STORAGE TANKS WERE FILLED AND TOPPED OFPF ¥IFH LIQUID
OXYSBN THAT HAD 0.5 FARTS PER MILLION (PPM) OR LESS ACBTYLENE, THE
CORTINUOUS INCREBASE IN ACETYLENE CONCEHTRATION WQULD ®OT BECOME
HAZARDOUS FOR THREE YEARS. THE EFFECT DEPENDS NJT JON THE SIZE OF
I'HZ STORAGE PAZILITY, BUT RATHER ON THE HEAT-LEAK LCSSES. THE
THRE2E-YEAR SAFETY PERIOD ASSUMES A HEAT-LBAK LJ3SS OP 0.8 PERZENT
PER DAY. THRRE ARE TWO EXCELLENT WAYS TO EXTEND THE PERIOD OF S AFE
OPERATION., THE PIRST METHCD PREVENTS ACETYLENE BUILD-OP BY
PORIFYING THE LIQUID OJOXYGEN INTRODUCED INTO THE STORAGE TANK
DURING THE TOPPIRG CPERATION, THE STORAGE TANK SHOULD BB FILLED
INITTALLY WITH LIQUID OXYGEN CONTARINING 0.5 PPM OF ACETYLENE.
THERRAPTER, EACH MONTHLY ACLDITION SHOULD BE PASSED TAROOGH A
14-PGUND SILICA-GEL BED AT A FLOW RATE OF 720 GPH, THEREBY
BLININATING ACETYLENE AND ETHYLENE FROX THE ADDED LIQUID OXYSEN.
LABGER SILICA-GEL BEDS WOULD OBVIOUSLY PROVIDE HIGHER PLOW RATES.
THE SILICA-GEL BED CAN GENZFALLY EE ADDED AS AN APPENDAGE TO THE
CURRENT LIQUID-J)XYGEN LOADING ZONNECTIONS. SHOULD THIS PROCEDURE
8¢ OSED, THE INITIAL <CONCENTRATION OF ACETYLENE WILL SEVER BE
INCREASED OR DECREASED. HNOREOVER, ONE EEED NOT BE CONCERXED ABOOUT
BXZBSSIVE LOSSES DUE TO BOIL~-OFF DURING PURIPICATION, SINCE NOST
JF THE LIQUID DJXYGEN WOULD  BE BITHER IN THE TRAILER OR IN THE
STORAGE PACILITY. THB 'fiCOID RETHOD USBS SAALL QUABTITIES OF
PLOORINE. IT IS BBYIBVED THAT LESS THAM 0.5 PERCENT OF PLUORINE
ADDED TO THE LICUID OXYGEN 2NTERING THE TAMK WOOLD REACT
PREPERENTIALLY WITH ACETYLENE, AND PORX INERT, SOLUBLE PRBONS, THE
SPECIPIC IBPULSE OF THE PJRL WOULD ¥OY BE AFPECTED BECAUSE THE
FLOORINE MOOLD BE USED UP'BY CHEBICAL REACTION WITH THE ACATYLEUR,
AED BY VERY SLOU EVAPFORATION VWITH THE GASEOUS OXYGEM LOST FROM THE
TAFK. EXPERIMENTS SHOULD  BE CARRIED OUT "IN THE LABORATORY ¥£O
DLZIDE WHETHER THE ADVANTAGES OF IOTAL ELININATION OF THR
ACETYLENE WOULD OFFSET THE DISADVANTAGES OF HANDLING PLOORINE.

~PERTINENT FIGURES~-

PI5.1 ACCUMULATION OF ACFTYLENE 1IN LOX ° STORAGE TANKS, PAGE

9//F1G.2 ACCUNOLATICN. OF ETHYLENE IN LOX STORAGE TAKKS, PAGE

10/7P1G. 3 PISSIBLE j“HROHATOGRR?HIC DETECTION .OP - CCNTAMINANT
COBTENTRATION IN SIORED- LOX, - PAGE 1&//?16.0 DECDNTAHIHKTIQN OF LOX
08 SITE, PAGE 20//TAB.1 ZONTAMINANTS OP INTEREST IN LIQUID OXYGEN,
PASE S5//TAB.2 POSSIELE- CONCEHTR&TION OF ACETYLENE ETHYLENE AND
MoTHANE IN LOX, PAGE 6 S : o
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keys 2160 through 2161
PRESENT STAMUS OF THE HYDROCARBON SITUATIIN IN AIR .

SEPARATORS
by
KRARWAT,I.E.
.00/00/63
SECURITY CLASS ACZESS LEVEL KEPORT CLASS "ENTRY EVAL.
U/7Unrestricted Onliaited Iacremental = = Acceptable
=AL;TRACT~

THE TIILE 37 THIS PAPER PRESSZNT STATUS <P THE HYDROCARBON
SITOATION IN AIR SEPARATORS APTLY DESCRIBES ITS CORTENT. AVERAGE
AND MIXINUM VALOES FOUND 1IN 85 SAMPLES DRARN FROM THE AIR IN 16
INDUSTRIAL PLANTS ARE GIVEN. IN THEZ LIGHT OF THESE PIGORES AND
RECENT EXPERIENCE IN THE F1BELD, THE OPEBRATION JDF AIR SEPARATION
PLANTS IN GENERAL IS CONSIDERED TO BE OPF HIGHER IMNHERENT SAFEPY
T4AN PREVIOUSLY THGUGHT. HYDROCARBON CONCENTRATIONS FOR CRITICAL
COMPONERTS IN SEVERAL DIPPERENT PLANTS ARE PRESENTED, VAPORIZER
AND ADSOEKBER OPERATIONS AHD CHARACTERISTICS ARE DISCUSSED, AND A
500D REPRESENTATIVEZ SAHMPLING METHOD IS OUTLINED IN THE PAPER.

RS Y

-PERTIHERT PIGURES-

?I1G.1 AIR SAMPLE TAKING IN THE PLANT AREA, PAGE 43//P16G.2

RECYCLING OJF SURPLUS LIQUID PROM AN ADDITIONAL VAPORIZER, PAGE

45//F1G.3 FILTER AND ADSORBER IN A VAPORIZER CIRCUIT, PAGE
46//P1G.4 CONCENTBRATION LCROF OF VARIOUS HYDROCARBINS IN GAS PHASE
ADSORPTION. 13 DAYS AFTER START, PAGE U46// FIG.5. SAMPLING
ARRANGEMENT FOR LIQUID GASES, PAGE . 47//TAB.1 ~'HYDROZARBOSB

-wONCENTRATION IN AIR SARPLES PROM VARIOUS PLAKNTS, PXGE 44//TAB. 2
HYDROCAREON CONCENTRATION IN LIQUID AND GASEJNS OXYGEN, PAGE 45

" «-SOURCE INFORMATION-

" SORPOFATE SOURCE -

GZSELLSHAFT FUF LINDES EISMASCHIMEN AKTIENGESELLSCHAPT, WEST
GEREANY . . .
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B SAPETY IN AIRf ~AND ANMONIA PLANTS, VOL 5, Q3f7‘(1963y (PRES.
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3 THE BEHAVIOUR OF CONTABINANTS IN AN AIR SEPARATION PLANT
4.
by
ggIGLZ\’AL PAGE I3 JONES, M. H.
POOR QUALITY SEFTCN,V.B. .
00/00/62
i _3¥CURITY CLASS ACZESS LEVEL - EEPORT CLASS ENTRY EVAL.
v/JInrestricted " Unliaited’ Saummary Good/Excel.
~ABSTRACT-

IN CONSIDERING THE RESULTS OF THE AMHALYTICAL PROGRAM, IT IS
APPARENT THAT THERE IS NMUCH TO BE LEARNED CONCERNING THE
CINTAMINANT PROBLEM IN AIP SEPARATION PLANTS. IN PARTICULAR, THERE

-IS A NEED FOR GREATER KNOWLEDGE OF THE PHYSICAL AND CHEMICAL
PROTERTIES JP CONTAMINANTS AT 'LOW TEMPERATURES, THE EFFPECT OF
IRREGULAE VARIATION IN PROCESS OPERATION AND THE ABILITY OF
PROCESS EQUIPMENT TO MININIZE THE EFPECT CF WIDE VARIATIONS IN AIR
POLLUTION CONDITIONS. WITH THE CONTINUED IMPRNVEMENT OF ANALYTICAL

- . PROCEDURES AND INSTRUMENTATION, A" HORE DETAILED APPRAISAL OF THESE
PROBLENS SHOULD BE OBPAINEL. PROM THE PRESENT ANALYTICAL STUDY &,

%, NUMBER OF GENERAL COMCLUSIONS MAY 3E DRAWN. EN PART, THERE IS~
ALREADY AN APPRECIATION IN THE INDUSTRY OF SOME OF THESE PACTORS.
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B 1, THE EFFICIENCY OF -ZONTAMINANT RENOVAL BY AIR HEAT EXCHANGERS
& ""CAHNOT BE PREDICTED SOLELY ON THE BASIS OP CONTAMINANT VAPOUR
g PRESSURE DATA. 2. THE EPFICIENCY OF CATALYTIC PILTERS IS REDUCED,
E 7 "7 AT LOW CONCENTRATIONS. 3, RICH LIQUID SILICA GEL FILTERS ARE VBRY
N SFPFECTIVE IN REMDVING SMALL QUANTITIES OF ACETYLENE - BUT ARE ONLY

e
:

T

PARTIALLY EFFECTIVE IN REMOVING C(3)-C(5) PARAPPINS. THEIR.
LEPFECTIVENESS FOR THE LATTER IS FURTHEP REDUCED BY THE PRESENCE OF
LABSE AMOUNTS OF CARBON DIOXIDE AND NITROUS OXIDE ON THE FILIER.
4. PHERE IS CONSIDERABLE PRCBABILITY THAT SILID ACCUMULATIONS ,OF
. CONTAMININTS WILL OCCUR ON THE WALLS OF VAPOURIZERS EVEH T HOUGH
", TdE AVERAGE CONCENTRATION IN THE BULK LIQUID PHASE IS WELL BZLOW
" THE SOLUBILITY LINIT. -IN THE CASZ OF AUXILIARY VAPOURIZERS,
"SISBIFICANT QUANTITIES MAY BE DEPOSITED AT QUITE LOW INTAKE
: CONCENTRATIONS JVER A DNE-MONTH PERIOD. THIS EMPHASIZES THE NEED
. " .FOB REGULAk DERIMING OP THESE UNITS. . _ s
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Yoo S -PERT INENT FISURES-

‘P1G.1 WEEKLY VARIATION OF CONTAXINANTS ON RICH LIQUID PILTER, PAGE

% .2 2397/ TAB.1 CONCENTRATION OF CONTAMINANTS IN PROCESS STREAMS, PAGE
) T i40//TAB.2 CONTAMINANTS HELD ON . WALLS OR REGENERATORS (EXTLUDING
E .. “H(210 AND CO(2)), PAGE 40//TAB.3 CONTANINANTS HELD ON WALLS OF
] -~ 'MAIN¥ VAPOURIZER, PAGE 41// TAB.4 CARBON DIOXIDE AND NITROUS OXIDE
% DERIMED, PAGE U1//TAB.S ACETYLENE AND OXIDES OP NITROGEN DERIMED,
é PASEZ 42//TAB.6 C(3)~C(5) HYDROCARBONS DERIMED, PAGE 42//TAB.7
7 49
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SOHSTITUENTS IN C({3)-C(5) HYDROCARBON FRACTIONS, PAGE 42
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kays 2972 through 2974

OXYGEN PLANT VAPORI ZER EXPLOSION

by
WRIGHT,G.T.
08 /00 /61
SECURITY CLASS ~  ACTESS LEVEL _REPORT CLASS ENTRY EVAL.
gsUnrestricted’ Tnlimited Iacreaental Good/Excel.
~A3STRACT~

AN EXPLOSION OCCURRED 1IN THE VAPORIZER OF A LIQUID AIR SEPABATION
PLANT AT THE DOMINION FCUNDARIES AND STEEL, LTD, HANILION,
ONTARIO, SEDPT. 30, 19959, TJ4E AUTHOR DESCRIBES THE AIR
LIQUEFICATION, PURIPITATION AND SEPARATIOR CYCLE BRIEPLY AND I HEW
SPECULATES ON THE CADSE OF THE EXPLOSION. AN EXZESSIVE
ACCUMULATION 27 ACETYLENE IN THE VAPORIZER DUE TO EXCESSIVE
WARMING OF THZ REGENERATOR IS BELIEVED TJ) HAVE CRAUSED THE

EXPLOSION. THE SOURCE JOF THE CONTAMINANT MOST LIKELY CAME PRON
NEARBY CO®E OVENS, LARGE VOLUMES OF CO(2) WERE ALSO PRESENT. THE
DAMAGE TO THE PLANT 1S ILLUSTPATED AKD DESCRIBED BRIEFLY. .MANY
CORRECTIVE. MEASURES WERE MADE TO THE PLANTS AND IN THE OPERATING
PROCEDURES. SAFETY ALARMS AND PURIPICATICA TESTS WERE ADDED. THE
PAPER IS PPIHARILY uCV CERNED WITH SAPETY. -

-PERT INENT PIGURES-

PAB.1 ACETYLENE “CONTAMINANT LEVELS IN PLANT OPERATION, PAGE
11//TAB.2 CONTANINANTS ON THC RICH-LIQUID AND LIQUID OKYGEN
PILTERS IN NO. 2 AND NO. 3 PLANTS, PAGE 11
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Kays 4546 through 4547
SAPETY ASPEZTS OF MODERN AIR SEPARATION PLANT CYCLES

by
04/00/57
SBCURITY CLASS ACZESS LEVEL REPORT CLASS ENTRY EVAL.
O/Unrestricted Nnlimitad - Sumnary Acceptable
- ABSTRACT-

THIS PAPER BRIEPLY DZSZRIBES SOME OF THE MODERN AIR SEPARATION
PLANT CYCLES SUCR AS THE MEDIOM PRESSURE, LOW PRESSURE AND HIGH
PRESS0RZ CYCLES RESLATIVE TO SAPFETY IN DESIGN AND OPERATION,
PARTIZDLAR EMPHASIS IS PLACED ON THE COHTROL AND RBHOVAL OF
CONTAMINANTS THAT COULD REACT WITH OXYGEE IP THE CONCENTRATION
LEVELS BECOME EXCESSIVE, THE SOLUDILITY OF HYDROCARBONS AND
ACETYLENE APE ILLDSTRATED. THE USE OF SILICA GEL FILTEES POR
CONTAR INANT REMJVAL IS DESCRIBED.

-PERTINENT PIGUPES~

fL5.1 SCHEMATIC. FLOW DIAGRAM OF A STANDARD HNEDIUN PRRSSURE AIR
SEPARATION PLANT, ~PAGE 181//PIG.2 SCHENATIC PLOW DIAGRAR OP A
STANDARD LOW 'PRESSURE AIR SEPARATION PLANT, PAGE 182//PIG.3

SOLUBILITY OF ACETYLENE IN LIQWID . OXVGEM ""AND NITROGEN, PAGE
183//F1G.4% - ACETYLENE REMOVAL CAPACITY- OF SILICA GEL PILIERS
SUNTANMINATED, WITH FPORZIGN MATTER, PAGE 183//PIG.S5S SCHEMATIZ PLOW
DIAGRAY OF A . HIGH PRZSSURE AIR -SZPARATION PLANT, PAGE 183//FIG:6
SCHEMATIC FLOW DIAGRAM OF THE DOUBLE CYCLE AIR SEPARATION PLANT,
PAG2 184// PIG.7 FREQUENCY DISTRIBUTION <CURVE POR SOLUBILITY OF
VARIOUS HYDROCARBONS IN . OXYCGEN, PAGE 183 o
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IN SAFETY IN AIR AND ANMONIA PLANTS ¥YOL 1, 20-3) :
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Keys 4559 through 4564

RESEARCH STUDY OF LIOUID OXYGEN CONTAMINATION, PROG. REPT.
1 .

by

BAILEY,B.N.
VIGNALE,V.J.

10/00/59

SECORITY CLASS ACCESS LEVEL REPORT CLASS - ENTRY EVAL,
c/Confidential Gevt./Centr. ~ Incremental Acceptable

=ABSTRACT-

(UNCLASSIFIED) THE OBJZ:.T OF THIS PROGRAM IS THE RECOMMENDATION OF
REALISTIC SPECIPICATIONS FCF PROCURENENT AND USE OP LIQUID OXYGEN
IN MISSILE OXYSEN-SUPPLY-SYSTEMNS. THESE SPECIFICATIONS WILL BE
BASED ON THE ANALYSIS OF EXISTING KNOWLEDGE AND THE DEVELOPMENT OF
ZURTHER INFORMATION CONCERNING THE RELATIONSHIPS BETHEBEN THE
YISSILE OXYGEN-SUPPLY-SYSTER PUNCTIONS AND THE LIQUID OXYGEN
PURITY. EACH STEP IN THE MISSILE OXYGEN-SOPPLY-SYSTEX FROM THE
GENBERATION JF THE LIOUID OXYGEN TO ITS PINAL USE IN THE MISSILE IS
8BEING STUDIED TO DETERMINE THE CONTROLLING PACTORS. THIS PROGRESS
REPORT DISCUSSES THE COMBUSTIBLE CONTAMINANTS INTRODUCEL DURING
THE GENERATION OF LIQUID OXYGEN AND ANALYZES THE PROBLEANS
ASSOCIATED WITH THE FLAMMABLE NATURE OF THESE CONTAMINANTS.

-PERTINENT PIGURES-

2I3.1 BASIC PUNCTIONS 1IN LCX  SUPPLY OPERATIONS, PAGE 11//PIG.2.
7LOW DIAGRAM OF A LIQUID OXYGEN GENERATOR, PAGE 1///FIG.3
SOLUBILITY. OF SATURATED HYDROCARBONS IN "LIQUID OXYGEN, PAGE
28//FI3.4 SOLUBILITY N7 UNSATURATEL HYDROCARBONS IN LIQUID JXYGEN,
PAGE 29//TALk.Y SONE GASES AND VAPORS WHICH MAY BE PRESEN' IN THE
AIR 72BD OF LIQUID OYYGEN GENERATORS, PAGE 14//TAB.2 PROPERTIES OF
POSSIBLE INGREDIENTS JOF AIR, PAGE 15 o S

LY

-BIBLIOGRAPH Y-

R. B. SCOTT, CKYOGENIC ENGINEERING, D. VAN NISTRAND COMPANY, INZ.,
PRINCETON, N.J., 1959, P. 286//C. D. ARRICK, CONTANINANTS IN
LIQUID JDXYGEN AS RELATED TO SAPETY IN LIQUID OXYGEF PRODUCTION AND
GLSTRIBOTION SQUIPMENT, P. 218, PROCEEDINGS' OF THE 1957 SRYOGENIC
"ENGINEERING CONFERENCE, BOULDER, COLORADO, :SEPTEMBER 1957//F. G.
KcBRY, SAPE DESIGN AND OPERATION OF LOW TEMPERATURE AIR SEPARA TION
PLANTS, CHEMICAL ENGINZERING PROGRESS, 52. .° W41 (1956)//SAPETY IN
ALF AND AMMONIA PLANIS SYMPCSIUM, CHEMICAL ENGINEERING PROGRESS
54, NO. 8. 52 (1958)//SAFETY IN AIR AND AMMONIA PLANTS SYNPOSIUR,
CHEMICAL  ENGINEERINS  PROGRESS 55, NO. 6. 5S4  (1959)//P,

- 54
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<

HIMMELBERGER, CONTROL OF CONTANINANTS IN ATR PLANT REBOILERBS,
PAPER PRESENTED AT SAFETY IN AIR AND AMNONIA PLAETS SYMPOSION,
AMERICAN INSTITOTE OF CHEMICAL ENGINEERS, SALT LAKE CITY, UTAR,
SEPTENBER 1958

«SOURZE INFORMATION-

CORPORATE SOURCE -7 | )
AIR PRODUCTS AND CHEMICALS, INC., ALLENTOWN, PA.

'REPORT NUMBER -~

AD-313873
SPONSOR = ,

AIR FPOFCE PLIGHT TEST CENTER, BEDWARDS AFB, CAL. PROPULSIOAM
CINTRACT NUMBER =

AF 33(616)-6730
OT HER INFORMATION =

0058 PAGES, 0004 FIGURES, 0006 TABLES, 0041 REPERERCES
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keys 5347 through 5348
CONPISITION AND ANALYSIS OF CONMERCIAL LIOUID OXYGREN
by
SMITH,C.P.

00,00/,60
SECURiTY CLASS ACCESS LEVEL RiPORT CLASS ENTRY EVAL.
U/Unrestrictel Mnlisited . Summary Good/Excel,
-ABSTRACT-~

FOREIGN MATERIALS 1IN LIQUID OXYGEN NORMALLY CONE PRON THE
ATMOSPHEKE AND FRO®M THE PRODUCTION PROCESS WHERE IT IS HOT
ZCONOMICALLY FRASIBLE TO COMEFLETELY REMOVE THER. THIS ARTICLE SETS
FORTH THE COMPOSITION OP COMMERCIAL LIQUID OXYGEWN. A!D DESCRIBBES
METHODS OF PURIFICATION AND ANALYSIS.

-PERTINENT‘FIGUPBS°
TAB.2 MAXINUN LIMITS OF CONTAMINANTS FOR BREATHING OXYGEN LIQUID
AND MISSILE PROPELLANT OXYGEN, PAGE 546
~BIBLIOGRAPHY~-
2. GLUECKAUF, THE COMPOSITION OF ATNOSPHERIC AIR, COHMPENDIUN CF
METEOROLGY, - AM., HMETEZOR. SOC., BOSTON ~ (1951 //C. P. SHITH,
ANXKLYTICAL METHODS FOR LIOQUID OXYGEN, 1958 CRYOGEXIC ERGIMEERING
CONFERENCE PROCEEDIRGS. .
- L _ ) =SOUNRCE INPORNATION-

CORPORATE SOURCS -
LINDE CO., TONZWANDA, N.Y,

JOURNAL PROCEEDINGS -

ADVAN. IN CRYOG. 'EtNG. VOL 5, 5S45-8 (1960) (PROC. OFP <CRYOG.
' ENG. CONP., S5TH, BERKELEY, CALIP., SEP 2-4, 1959) .
OTHZIR. INFORMATION - ‘
-7 0004 PAGES, 0001 FIGURES, 0002 TABLES, 0002 REPERBNCES
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key 5769

JXYGEN, AVIATORS BREATHING, LIQUID AND GAS

-ABSTRACT-

THIS SPECIFICATION CCVERS LIQUID AND GASEOUS -AVIATORS BREATHING
OXYGEN. INCLUDED ARE A LISTING OF OTHER APPLICARBRLE DOZUMENTS
(3PECIPICATIONS AND STANDARDS), A TABLE OF MAXINUNM PERAISSIBLE
cONTAMINANT CONCENTRATIONS, A TABLZ LISTING OXYGEN CYLINDER FPILL
PRESSURES FJOR VARIOUS TEMPERATHRES, 2ND INSPECTION, SAMPLING AND
TESTING FEQUIREMENTS AND PROCEDURES, :

-PERTINENT FIGURES-

fI16.1 TFILTER, <CRYOGENIC LIQUIDS PAGE 23//TAB.1 CONSTITOUERNT
CONCENTPATIONS PAGE 3//TAB.2 TYPE I OXYGEN CYLINDER PILL PRESSURE

'POR VARICUS TEMNPERATURES PAGE 9//TAB.3 TEST SAMPLES PAGE 18

-BIBLIOGRAPHY~

MILITARY SPECIFICATION  MIL-V-2,  VALVE CYLINDER, GAS  (FOR
ZOMPRESSED OR LIQUEFIED GASES) GENERAL SPECIFICATION FOR//HILITARY
SPECIFICATION - MIL-D-3716, DESICCANTS, ACTIVATED. POR DYHAKIC
DEHINIDIFICATION//SILITAFY SPECIPICATION MIL~L-25567, LEAK TES?T
SOMPOUND, OXYGZN SYSTEMS//NILITARY SPECIFICATION NIL-T-27730,
I'APE,. ANTISEIZE, TETRAPLUOROETHYLENE, WITH DISPENSER//MLLITARY
STANDARD MIL~STD-121, COLOR CODE FOR PIPELINES AND FOR COHPRESSED
5aS CYLINDERS//\ILITARY STANDARD MIL-STD-129, WARKING FOR SHIPHENT
AND STORAGE -

~SOURCE INFORMATION-

CORPORATE SJOURCZ -

ASRONAUTEGAL STANDARLS GROUP, STLVER SPRING, MARYLAND
REPORT NUMBER«=. . )

MIL-0-2723)D(ASG)
OTHER INFORMATION -

0025 pA,as, 0001 prcuass. 0003 TABLES, 0011 REPERENCES
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_ key 5807
OXYGEN SPECIFICATION P '

~ABSTRACT-

THIS STANDARD IS FOR PROCOUREMENT OF LIQUID AND GASBOUS CXYGEN AND
IS APPLICABLE TO HNSPC AND ITS CONTRACTORS. THREE GRADES ARE
SPECIPIED, A-20R FUEL CELLS, B~FOR BREATHING AND C-POR
PROPELLANTS. ALLOWED CONTAMINANT 1LEVELS ARE SPECIFIERD POR EACH
SRADE POR SEVEBRAL SPECIPIC DISOLVED AND SOLID CONTAMINANTS.

-B1BLIOGRAPHY~

MATIONAL AERONAUTICS AND SPACE ADNINISTRATION NPC 200-3,
IHSPBCTION SYSTEM FROVISIONS FOR SUPPLIERS OF SPACE MATERRIALS,
PARTS, COMPONENTS, AND SERVICES //INTERSTATE COHNERCE COMMISSIOR
.49 CFR 71~90, INTEBSTATE COMMERCE CORMISSIOR RULES AND REGULAT IONS
FOR TRE TRANSPORTATION OF EXPLOSIVES AND JTHER DANGBROUS
ARTICLEBS//NLTIONAL BUREAU OF STANDARDS MISCELLANEOUS PUBLICArIOR
4=191 (1948), CHARTS 07 COMPRESSIBILITY PACTORS AND CHARTS SHOWING
PHE QUANTITIES DBLIVERED BY CONMEBRCIAL CYLINDERS POR HYDROGER,
NI TROGEN, AND OXYGEN

~SOURCE INFORMATION-

CORPORATE SOURC2 - :
NATIONAL ABRONAUTICS ANL SPACE ADNINISTRATIOY. XARSHALL SPACE
. PLIGHT CENTER, HUNTSVILLE, ALA.
RZ PORT NUMWBER - T c
MSFC-SPEC- 3992
OTHER INFORMATION ~ ) '
0013 PAGES, 0000 FIGURES, 0003 TABLES, 0005 REFPERENCES
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keys 6630 through 6634

STUDY OF LIQUILD OXYGEN CONTAMINATION, SUMMARY PROGRESS’
REPORT WO. 4

by
<
BAILY,B.N.
STERNER,C.J.
VIGNALE,V.J.

URiGly g, PAGE IS

07/00/60

OF POOR QuALTY 7007

SECURITY CLASS ACTE35S LEVEL REPORT CLASS ENTRY EVAL.

J/0nrestricted - NTIS Snmmpary Good/ Excel.
-ABSTRACT-

THIS SUMMARY PROGRESS REPORT NO. 4 PRESENTS A REVIEW OF THE WORK
PEZRFORMEDL IN ACCOBDANCZ WITH CONTRACT AF 33(616)-673C. THE POURPOSE
OF THIS STUDY IS TO DEVELOP A BETTER UNDERSTANDING OF THE
PHYSICAL-CHEMICAL ANT MECHANICAL PRELATIONSHIPS INVOLVED AHD TO
DBVELOP FEALISTIC PARAMETERS FOP SPZCIPICATION PURPOSES POE THE

 APPLICATIONS OF OXYGEN TO MISSILES. THE SIGNIFICANCE, SOURIES, AND

U G

DEGREE OF CONTAMINATINN, AND THE CORRZNT SPECIFICATIONS FOR LIQUID
OXYGEN AND EQUIPMENT ARE TCTISCISSED. RECOMNENDATIONS FOR LIQUID
CXYGEN SPECIPICATIONS AND FOR EQUIPMENT OPERATION ARE PRESENTED.
AN EXTENSIVE BI3LIOGRAPHY IS INCLUDED, AS WELL. AS APPENDICES WHICH
AHPLI:Y THE GCNERAL DISZUSSION, - - ECTERE

-PERTINENT PISUFES~-

7IG.1 SINPLIFIZD DIAGRAM, LIQUID OXYGEN -SUPPLY SYSTEHN, PAGE
8//71G.2 EXANPLES OF PIPING. DETAILS RESULTING IN CONTANINANT
CONCENTRATION BWUILD-UP, PAGE 12//P1G.3 PLOW LINES IN LIQUID OXYGEN
LAUNCH-SITE STORAGE TANK, PAGE 13 //PIG.4 - TYPICAL LAOUNIH-SITE
LIQUID OXYGEN STORAGE AND LOADING SYSTEM//PIG.5 SOLUBILIFY OF
ZARBON DIOXIDE IN LIQUID OXYGEN, PAGE 22//FPIG.6 DIPPERENTIAL
VAPORIZATION JF 99.5 PERCENT LIQUID OXYGEN, EFPECT oW
CONCENTRATION OF MCRE VOLATILF CONTAMINANTS, PAGE 24//PIG.7 A
PROPOSED LIQUID OJXYGEN STORAGE TAYK ARRANGEMENT FOR MAXIMOM
PLUSHING ACTION BY THROUGH-FLOW, PAGE 38//PIG.8 AN ARRANGENEKT FOR
IRANSFER CONNECTIINS TO HININIZE CONTAMINANT INTRODUCTION, PAGE.
39//FI3.9 FLOW DIAGRAM OF & LIQUID OXYGEN GENERATOR, PAGE.
49//PIG. 10 SOLU3ILITY 0?7 SATURATZD HYDROCARBONS IN' LIQUID OXYGEW,
PASE S6//7IG.11 SOLUBILITY OF UNSATURATED RYDRICARBONS IF LIQUID
OXYGEN, PAGE S7//PIG.12 TSMPERATURE DISTRIBUTION IN TYPICAL VENT
LIN2Z, PAGE 6U//FIG.13 DIFFZRENTIAL ELEMENT OF VENT LINE FOR
ANALYSIS, PAGE 65//FIG.14 VENT-LINE AXIAL CONCENI'RPATION PROFILES,
PASE 69//FIG.15 VEINT-LINE AXIAL CONCENTRATION PROPILES NEAR THE
ORIGIN, PAGE 70//FIG.16 SCHEMATIC DIAGRAM OF EXPERMENTAL SEr-gp
POR BACK<DIFFUSION STUDIES, PAGE 74//FIG.17 SAMPLING PROBE FOR
RADIAL CONTAMINANT CONZENTRATION MEASUREMENTS, PAGE 7S//FIG.18
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CARBON DIOXIDE. INJECTOR, PAGE 76//F1G.19 EYPERIMENTAL RADIAL
CONCENT RATION PROPILES--RUNS 1 ANMD 2, PAGE 77//FIG.20 BXPERIMENTAL
RADIAL CONCENTRATION PROFILES-~-RONS 3 AND 4, PAGRE 78//P1G.21 TRUE
RADIAL CONCEBNTRATIOR DISIRIBUTIOR--SCHEMATIC, PAGE 79//F1G.22
NITROGEN CONCENTRATION TIN VAPORIZING LIQDID DJXYGEN, PAGE 86
/721G.23 CONCENTRATION PROFILES CLOSE TO A SPHERE INMEBRSRD IN AN
INPINITE VOLOMBE OF SOLVENT, PAGE 99//FIG.24 PRACTION DISSOLVED IN
TE2RMS OP DINENSIOHNLESS TIME AND 'DRIVING FORCE, PAGE 100//PIG.2S
- REDUCTION IN DIAMETER AS FUNCTION OF CONTACT TIRE AND PARTICLE
"DIAMETER, CARBON DIDYIDE IN LIQUID OXYGEN, PAGE 101//FIG.26 TIRE
BEQUIRED TO DISSOLVE CARBON DIOXIDE PARTICLES 1IN LIQUID OXYGEN,
PAGE 102//TAB.1 OJOYXYGEN CONTANINANTS ANALYSIS 1IN REPRESENIATIVE
PLANTS, PAGE 17//TAE.2 CONCENTRATION OF DIFFERENT HYDROCARBONS IN
REPRESENTATIVE JXYGEN PLANTS, PAGE 19//TAB.3 PARTICULATE MAITER IN
LIQUID OXYGEN, PAGE 20//TAB.4 LIQUID OXYGEN INTERIN SPECIFICATIONS
PAGE 26//TAB.S <JLEANLINESS SPECIPICATIONS POR LIQUID OXYGEN
‘PROPELLANT LOADING SYSTENS, PAGE 29//TAB. 6 CLEANLINESS
SPECIFICATIONS FfOR LIDUID OXYGEN HARDWARE IN ROCKET PROQPULSION
SYSTENS, PAGE 3)//TAPR.7 SOME GASES AND VAPCRS WHICH MAY BE PRESENT
IN THE AIR FEBD TO LIOUID OXYGEN GENERATORS, PAGE 47// TAB.8
PROPERTIES OF POSSIELE INGREDIENTS OF AIR, PAGE 48//TAB.9 LOWEBR
PLAMMABILITY LIMITS GP ZOMBUSTIBLES, PAGE 53//TAB. 10 SOLUBILITY OF
AYDROCARBONS IN LIQUID OXYGEN, PAGE S55//TAB.11 EXPERIMENTAL FPLOW
RATES, PAGE 80//TA3.12 LIQUID OXYGEN PURITY BEFORE AND AFTER
NITROGEN PRESSURIZATION OF STORAGE TANK, PAG3 84

~BRIBLIOGRAPHY~-

J. H. PERRY (ED.), CHENIZCAL ENGINEERS HANDBOOK, 3RD ED., (1950} P,
-1583// SHAB TEST RESNLTS FOR COMPLEX 12 CLEANING, SKETCH N¥O. 110,
PATRICK AIR FORCE BASE, FLORIDA//P., LIEBEBRHAN, E.R.E.T.S. LOX
LOSSES AND PREVINTIVE MEASURES. ADVANCES IN  CRYOGENIC
ENGINEERING. VDL, 2, NEVY YORK, PLENOM PRBSS, I¥C., 1960, ©P,.-
. 225//C. P. " SNITH, COMPOSITION AND AMALYSIS OF COMBERCIAL LIQUID

OXYGEN., ADVANC3S IN CRYOGENIC ENGINEERING. VOL. 5, NEW ' YORK,. ..
PLENUM PRESS, INC., 1960, P. '545//AIR PRODUCTS, IRCORPORArRD, .

ANALYSIS AT  PATRICK AIR  FORCE  BASE, FLORIDA, JANUABRY:
1960//ROCKETDYNE, PROPELLAMT CONTAMINATION INVESTIGATION, MONTHLY .
_RBEPORTS, 1960//I. P. ISHKIN AKD P. Z. BURBO, SOLUBILITY OFP SOLID .
"ACETYLENE AND CARBON DIOYIDE IN LIOUID OXYGEN, NITROGEN, - AND
OXYGEN-NITROGEN NIXTURES., ZHURNAL FIZICHESKOI KHINII, 13, NO. 9,
1337 (1939) //8. P. PEDOROVA, SOLUBILITY OF ACETYLENE AND CAPRBON
OIOXIDE IN LIQUID NITROGEN AND LIQUID OXYGEN. ZRURNAL PIZICHESKOI ‘.
KHINII, 14, 3. 3, 422 (1940)//AIR PRODUCTS, INCORPORAI'ED, .
" BBSEMRCH AND 2JEVELOPMENT LCEPARTHENT, UNPUBLISHED WORK//E.. A.i"
WILLIS, AN ANALYSIS OP  THE CONTANINATION PROBLEN WHEN OSING
5ASEONS NITROGEN FOR THE PRESSURIZED TRANSFER OF LIQUID OXYGRNW,"
REPOBRT NO. PG-010, CONVAIR ASTRONAUTICS, CONVAIR DIVISION OF
SENERAL DYNAMICS COBPOPFAT ION, SEPTENBER 16, 1959, -
- (CONFIDENTIAL) /7/ARTHUR D, LITTLE, INC., MISSILE PLUID SBRVICING.
SYSTENS AND STIDY OF AIRPRARE CRYOGENIC EQUIPMENT FOR WS-315A,. .
FINAL REPORT C-59879, WESTEKN DEVELOPMENT DIVISION, CONTRACT AR
. 04 {645)y-34, JUN3I 7, 1359, (CONPIDENTIAL)//LETTER TO COL. EUGENE
PINK - FT2DP - FROM B. H. VAN DYKE, AXR PRODUC!'S, INCCRPORATED,
JUNE 10, 1960//T. J. WALSH, R. R. HIBBARD, P. B. ORDIN, DILUTION
OF LIQUID OXYG2ZY¥ WHEN NITFOGEN IS USED FOR PRESSORIZATION, NACA
60 :

~ L.



;r:'v_.".-?v-""'

BMES8A03A, (APRIL 19%8)// R. B. SCOTT, CRYOGENIC ENGINEERING, D.
VAN NOSTBEAND COMPANY, INCCRPORATEB, PRINCETON, NEW JBRSEY, 1959,
P. 286//C. U. ARRICK, CONTAMINANTS IN¥ LIQUID JXYGEN AS RELATED TO
SAFETY IN LIQUID OXYGEN PRODUCTION AND DISTRIBUTION EBQUIPNENT, IN
ADVANCES IN CRYOGENIC ENGINEERING 90t 3, P. 218, PLENUM PRESS,
INCORPORATED, NEW YJRK, 1960//P. G. KERRY, SAPE DESIGN AND
OPERATION OF LOW TEMPERATURE AIR SZPARATION PLANTS, .CHEMICAL
INGINEBRING PROSRESS 52, U4u1 ({1956} //SAFETY IN AIR AND AMNMONIA
PLANTS, CHEMICAL INGINEERING PAOGRESS, 54, NO. 8, 52
{1958) //SAFETY IN AIR AND AMMONIA PLANTS, CHEMICAL ENGINEERING
2ROGRESS, 55, NO. 6, 54 (1959)//A.C.T. HSU AND C. MCKINLEY, PURIFY
LIQUID OXYGEN VIA ADSORPTION, CHEMICAL ENGINEERING PROGRESS, 56,
¥0. 2, 8C (1362)// H. F. COWARD AND G. W. JDNES, LIMITS OF
FLAMMABILITY 2F GASES AND VAPORS, BUREAU OF MINES BULLETIN 503,
1952//B. LEWIS ANKD G. YON ELBE, COM3USTION, FLAMES, AND EBXPLOSIONS
JF GASES, ACADEMIC PRESS, NEW YORK, 1951//C. MCKINLZY AND F.
AIMMELBZRGER, OYYGEYW PLANT SAFETY PRINCIPLES, CHEYICAL ENGINEERING
PROGRESS, 53, 1128 (1957)//A. D. KIRSHENBAUM, FINAL REPORT ON
PUNDAMENTAL STUDIES OF NEW EXPLOSIVE REACTIONS, THE RESPARCH
INSTTTUTE OJF TEMPLE UNIVERSITY, OFFICE OF ORDNANCE RESEARCH
CONTRACT NO. DA=-38 DA=-36-34-0R[D-1889, PROJECT NJ). TB2-0001(916),
APRIL 1956//C. H®CKINLEY AND E.S.Jd. WANG, HYDROCARBON-OXYGEN
SYSTEMS SOLUBILITY, IN ADVANCES IN CRYOGENIC ENGINEERTNG, VOL. 4,
2. 11, PLENUM PRESS, INCORPORATED, NEW YORK, 196)//A. L. COX AND
T. DEVRIES, TIiL SCLUBILITY OF SOLID BRBTHANB, ETHYLENE, AND
PROPYLENE IN LIDUID NITROGEN ANDC OXYSEN, JOUENAL OF PHYSICAL AND
- ZOLLOID CHEMISTR?Y, S4, 665 (1950)//E. KARWAT, DXYGEN PLANT SAFZTY,
) CHEMTCAL ENGINE3RING PROGRESS, 53, 0. 4, 188 (1957)//E. KARWAT,
{ SOM2 ASPECTS OF HYDROCARBEONS IN AIR SEPARATION PLANTS, CHEMICAL
.EMGINEERING PR)IGRESS, 54, NO. 18, 96 (1953)//F. PNLLITZER,
CONCERNIKG EXPLOSIONS IN 2AIR-LICUEFYING AND RECTIFYING APPARATUS,
: ZEITSCHRIFT FUR ANGEWANDTE CHEMIE, 36, 262 (1923) //Y. NOMURA AND--
3. KANDA, SJOME EXPERIMENTS ON THE EXPLOSIVE. REACTION BETWEEN
LIQUID OXYSEN AND ACETYLENE. PRELIMINARY RESEARCH ON EXPLOSION OF
"LIQUTID OXYGEN, SCIENCE REPORTS OF THZ RESEARCH INSTITUTES, I OHOKU
ONIVERSITY, SERIES A, 1, 33(1949) //T. NOMURA AND E. KANDA, ON THE
ZXPLOSION JF AIR-RECTIFYING APPARATOS ILl, SCIENCE REPORTS OF THE
RESEARCH INSTITUTES, TOHOKN UNIVERS ITY, 3ERIES A, 2, 229
(1950) //N. M. TSIN, SOLUBILITY OF ETHYLENZ AND PROPYLENE IN LIQUID
NITROGEN AND LIQUIL OXYGEN, ZHDFNAL FIZICHESKDI KHIMNII, 14, NO. 3,
418  (1940) //V. G. FASTOVSHITI AYD I. A, KRESTINSKII, THE
SOLUBILITY OF SJOLID METHANE IN LIQUID NITROGEN AND OXYGEN, ZHURNAL
PIZICHESKOI KHIMII, 15, NO. 4, 525 (1941)//A. C. JENKINS, F. S.
DIPAOLO, AND.C. M. PIRD5ALL, I'HE SYSTEM OZONE-JXYGEN, JOURNAL OF
CAEMICAL PHYSIC3, = 23, 2049 (1955)//5. CLAUDE, CONCERNING THE
"INDUSTRIAL PRODICTIQN AND NUSE, OF KRIPTON, AND SOME REFINISCENZES
OF THE INDUSTRIAL PRODUCTION OF LIQUID AIR, ZBITSCHRIPT PUR DIE
SESAMIEZ KALTE-INDUSTRIE, 47, No. 1, 1 (1940) //I: I. STRIZHEVSKII,
PHE FIGHT AGAINST THE DANGER. FROM ACETYLENE DURING THE OPERAT ION
OF AIR SPPARATING APPAFATUSSZS, U.S.S.R., ACADEMY OF SCIENZES,
M.S.S.R. BULLETIN OF DIPARTMENT 07 - TECHNICAL SCILENCES, 1939, \NO.
3, 51 (1939)7/Y. NOMIRA, STUDIES ON THE DISCHARGE REACTION 1IN
LIONID AIP. .IT DN THE THERMAL SECONDARY REACTIC!I SCIENCE REPORTS
ON THE RESCARCH INSTITUTES, TOKOXU ONIVERSITY, SERIES A, S5, 8
(1952) //E. KANDA AND Y. NOMURA, STUDIES OR THE DISCHRARGE REACPION
IN LIQUID AIR. I ON THE TLISCHARGE REACTIJDN PRIDUCTS, SZI.INCE
RZPORTS OF THE RESBARCH INSTITUTES, TOHOKU UNIVERSITY, SERIES A,
61
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5, 1 (1952)//P. HIMMNELBERGER, CONTROL OF -CONTAMINAETS IN AIR PLANT
REBOILBRS 1IN SAFETY IN AIR ~ AND AMMONIA PLANTS, CHEMICAL
BMGINEERING PROGRESS 55, NO. 6, 59 (1959)//R. %. ROTZLER, J. A.
3LASS, W. E. GORDON, AND W. R. HESLOP, OXYGEN PLANT REBOILER
EXPLOSION, CHEMICAL ENGINEERING PROGRESS, 56, NO. 6, 68 (1960)//G.
S. COCHRAEE AND E. J. ROSENBAUN, CONTINUDOS MNONITORING OP
HY DROCARBOF CONTAMIKANTS IN L(W TEMPERATURE AIR SEPARATION PLANTS,
CHEMICAL ENGINEERING PROGRESS, 55, NO. 2, 5S4 (1959)//E. J.
ROSENBAUM, R. W. ADANS, AND H. . KING, JR., HNONITORING TRACE
4YDROCARBONS IN AIF BY CATALYTIC OXIDATION. AND NOHNDISPERSIVE
INFRARED AYALYSIS, ANALYTICAL CHEMISTRY, 31, 'NO. = 6, 1006
(1959)//¥. K., LEWIS, E. K. GILLILAND, B. CHERTO¥, AND W. P.
CODOGAN, ADSORPTION EQUILIBPIA HYDROCARBON GAS MIXTORES,
INDUSTRIAL AND RNGINEERING CHEMISTRY, 42, NJ., 7, 1319 (1950)//W.
K. LE¥WIS, 2. R. GILLILAND, B. CHERTOW, AND W, P. CODOGAY,
ADSORPTION EQUILIBRIA-PURE GAS ISOTHERMS, IBID, P. 1326// GHM
31,2-617, MINUT3S OF NSE LINITS CONFERENCE AT VANDENBERG AIR FORCE
‘BASE, APRIL 30, 1959//GM 31.2-628, MINUTES OF CONPERENCE ON USE
LINITS FOF MISSILE PUELS AND OXIDIZERS AT  BMD-INGLEWOOD,
- SALIFORNIA, NMAY 19-20, 1959//G8 31,2-533, DESCRIPTION AND
DEFPINITION JF PILTERS FPOR INCORPORATION INTO PROCORENMENT AND USE
LIMITS SPcCIFICATIONS FOR MISSILE PROPEFLLANT LOADIEG SYSTEMS, JUNE
25, 1959,//GM4 31,2-¢€44, ADDEWDUM TO GM 31.2-633 IBID., JULY 15,
1959//SUPF.LENENTAL PROCURENENT SPECIFICATION PFOR LIQUID OXIGEN
ISSUOED BY PROPULSION LABORATORY, WCLPPFR, WRIGHT AIR DEVELOPMENT
CENTEE, JULY 1959// NMINUTES OF COMFERENCL N PROPELLANT QUALITY
CONTROL FOP JPERATIONAL *~ SITES, SEFTEMBER 17, .1959//HANDBOOK FOR -
CONTAMINATION CONTRCL OF LIQUID ROCKET PROPULSION SYSTENMS,
AEROSPACE INDUSTRI®S ASSOCIATION OF AMERICA, IA#C., MARCH 7,
1960//COMNUBICATION PRONM MB. R. "~ VANCE DJF SPACE TERCHNOLOGY
LaBORATORIES, “AY 4, .1960//SPECIFICATION FOR CLEARING LIQUID

OXYGEN - HYDROCARBON- -FUEL PROPELL ANT LOADING SYSTEMS, PREPARED BY
HEADQMARTERS, AIR PORCE BALLISTIC MISSILE DIVISION (ARDC), JANDARY
25, 1960//CHURCHILL, R. V., OPERATIONAL MNATHENATICS, SECOND

EZDITION, MCRRAW-HILL BOOK CONPANY, INC., NEW YORK, 1958//CARSLAW,

He S., AND J. 2. JAEGER, CONDUCTION OF HEAT 1IN SOLIDS, SECOND

EDITION, OXFIRD UNIVZRSITY PFESS, LONDON, 195%, P 61// COLBURN, A

P., AND K. I. PIGFORC IN CHEBICAL ENGINEERS HANDB)IK, (BD. PERRY,
J. H.) 3kD BDITION, MCGRAW~-HILL BOOK COMPANY, INC., NE¥ YORK 1950,

PP 540-541//CRYOGENIC SAMPLEF DEVELOPAENT, PHASE I PROGRESS REPORT
NO. AB-1177-R, THE COSNODYNE CORPORATION, HAWTHORNE, CALIFORNIA,
<ONTRACT At ou(61N -5677, JUNE 10, 1960. -

- SOURCEZ- INPORMATION=-
S - o . . v <, 0/?

CORPORATE SOURCZ - L , .. Op O’t

AIR PRIODUCTS INC., ALLENTOWN, PA. ”{C
REPORT NUMEZR - o ) . @( “,

AD- 253231 o ' /(/,, %
SPONSOR - ' ;}_

AIR FORCE ZLIGHT rssr-czw_gn, EDWARDS ‘APB, CALIP.
ZONTRACT NUMBER - :

CONTPACT AP 33(616)-671(:
OTHER I NFORMATION -
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k2vs 7980 through 7981

MATERIALS FOR LUBRICATENG AND SEALING PROPELLANT AND
HOT -GAS SYSTEMS

by
KERTTULA,JR.E.F.
25700/64
SSCURITY CLASS ACJESS LEVZL &EPQOZ? C{\SS ) ENTRY EVAL.
U/0nrestricted NTIS Sunmaty Acceptable
-ABSTRACT-

THIS RZPORT IS INTENDED TO XID DESIGN PERSONNEL IN THE SELEZTION
OF LUBRICANTS AND THREBAD SEAIANTS FOR GASEOUS 2ND LIQUID O (2) /H (2)
SERVICE. THREAD LUBRICANTS, SEALANTS, AXND THEEADING <CONPOONDS
LISTED 1IN THIS RZPCRT ARE THOSE MATERIALS WHICH ARE APPLIED TO
CONNECTIONS DR THREADEZD FITTINGS FOR PREVENTING SEIZING OR GALLING
DURINS ASSLMBLY AND FOR MINI®IZING LEAKAGE IN USE. THREAD SEALANTS
ABE DEPINEL HERZIN AS MATERIALS WHICH DO NOT NORMALLY HARDEN OB
SET AND. ARF USED IN NONPE®MASENT APPLICATIONS. THREADING COMPOONDS
ARE THQSE WHICH HARDEN AND XRE FOR USE ON PERMANENT-TYPE JOIKTS.
THRZAD LURRICANTS ARE POR NONSEALING INSTALLATIONS. NATURALLY, .THE
FACTORS TO BZ CONSIDEBRED IN THFE FINAL SELZCTION OF ANY MATERIAL
ARE DEPENDENT UPON THE 3ERVIZE INTENDED. SELECTIIN AND EVALUATION
OF THESE FACTOR?S WILL - VARY WIDELY. THUS,.THBIS REPORT DOES NOP
ATTEMPT TO PROVIDE ALL INFORRATION NZCESSABY TO FULLY ASSESS THE
ADEQUACY OF A MATERIAL FOR SPECIFIC APPLICATIONS,

“

-PERTINENT FIGURES- -

- TAB.1 CHLOKOFLUOROCAFBON OILS, ACCEPTRBﬂEE FOR LIDUID AND GASEOUS
LOROPLUJDEICARBON GREASES,

JXYGEN SYSTEZM3, PAGES 7-3//TAB.2 CH L
ACCEPTABLE. FOR LIONID ARD GASEOQUS: .. OXYGEN SYSTEMS, PAGES
9-10//TAB.3 VARIOUS INERT FLUIDS, ACCEPTABLE FOR LIQUID: AND

- GASEOWS OXYGEN SYSTEMS, PAGE 11//Ta3.4. VARIOUS INERT GREASES,

ACCEPTABLE POR LIOHMID AND GASEOUS OXYGEN SYSTENS, PAGE 12// TAB.S

CHLORINATED HYDROCARBON THREAD SEALANTS;ngCEPTABLE FOR LIQUID AND-
"3ASEOUS OXYSEN SYST2MS, PASE 13//TAB.6:GHLOROPLUJDROCARBON THREAD

LUBRICANTS, ACCEPTA3LE POB LIOUID AND GASEZOUS ,OXYGEN SYSTEMS, PAGE
14//TAB.7 TETRAFLUOQROETHYLEINE THREAD 3$tALANTS, ACCEPTABLE FOR

LIQUWID. AND GASEQUS OXYGEY SYSTEMS, .PASE  14//TAB.8 : INOPGANIC

THREADING COMPOUNDS, ACCEPTABLE FOR ' L:IQUID AND GASEOUS  OXYGER
3YSTEMS, PAGE 13//TA3.9 DRY FILM LUBIICANTS, ACCEPTABLE FOR LIQUID
AND GASEOCUS OXYGEN SYS™ENMS, PAGES 16-17//TAB. 10 BONDED SOLID, FILRA
LUBRICANTS, ACC3PTABLZ 20R LiQUID AND GASBOUS GXYGEN SYSTZMS, PAGE
18//TAB.11 HIGH-TZMFERATURZ ANTISCZIZE COAPOUNDS, ACCEPTABLE ¥OR

HOT-GAS SYSTEM LUBRICATION, PASE 19//TAB.12 VARIOUS MATERIALS USED"

AS THREAL COMPOUNDS, LIBRICANTS, AND SEALANTS, NDT ACCEPTABLE FOR
LIQNID AND GASEJDUS OXYGEN SYSTEMS, PAGES 20-22
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-BIBLIOGRAPHY=

5.H. LYONS, TINPACT SENSITIVITY OF NON-METALLIC MATBRIALS, FLUIDS,
ASD LUBRICANTS IN LIOUID OXYGEN, RESEARCH AND MATERIALS DEPARTMENT
PLASH REPORT NO. TF¥-584, 24 APRIL 1958, TASBLE.I AND TABLE 1II
AMENDMENT//C.H. REYNALES, SPACE TECHNOLOGY LABORATORIES (SIL),
SELECTION OF LIBRICANTS AND THREAD CONPOUNDS FIR DXYGEN MISSILE
SYSTEMS, PROCEEDINGS 07 THE 1960 CRYOGENIC ENGINEE.ING CONFERENCE,
BOULDER, COLO,, ADVANCES IN CRYOGENIC ENGIY “7RING, VYOL. 6, PP.
117-129//R.H. LYONS, MATERTALS IMPACT SENSIT .TY IN LIQUID OXYGEN
SYSTEMS, BESEARCH AND MATERIALS DEPARTMENT [ -ORT NO. BN-6179, 27
APRIL 1961//3.S. SOTIRHOS, IMPACT SENSITT ITY OF HON-NEIALLIC
MATERIALS IN LIQUID CXYGEN, HATERIALS ENGINPERING FLASH REPORT NO.
62-544, 17 2CT. 1962// 2.F. KEY AND W.A. RIEHL, COMPAT IBILITY OF
MATERIALS SITH LINUID. OXYGEN, GBORGE <, MARSHALL SPACZ PLIGHT
: CENTER (XSFC), HUNTSVILLE, ALA., MPR-P AND - VE-M-63-14, 4 DEC.
‘' \wezne e . . . 1963, TABLE I - LUBRICANTS, AKD TABLE II - SEALANTS aND THREADING
B T "COMPOUNDS//C.H. REYNALES, COMPATIBILITY OF MATERIALS WITH LIQUID
OXYSEN, DOUGLAS AIRCEAFT COMPANY, LONG BEACH, CALIP., PROPULSION
REPORT NO. D81-444, 1 OCT. 1958//%. SEALS, TABULATION OP IHPACT
SENSITIVITY DATA, REAJTICN MOTOBS DIVISION, THIDKCL CHEMICAL
CORPORATION, DEVVILLE, N. J., LABCRATORY REPORT EML 1297, 4 MARCH
1959
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& keys 8950 through 8052
Y SAPETY ASPECTS IN THE DESISN AND OPERATION OF OXYGEN

5 : SYSTENS

&

by

REYNALES,C.H.

01/00/59

: SECURITY CLASS ACZESS LEVEL REPORT CLASS ENTRY EVAL.
U/Unrestricted Unlimited . Summary : Good/Excel..
: -ABSTRACT-

3 . THIS PAP:iR DEALS WITH CHE BEHAVIOP AND PROPERTIES OF OXYGEN AS
T THEY APPLY TD SAFETY ASPECTS IN THE DESIGN AND OJPZRATION OF THE
OXYSEN TRANSFER SYSTZSM OF THE THOR MISSILE. THE PAPER SUMMARIZES
THE PINDINGS OF A STAUDY ON THE COMPATIBILITY OF MATEBRIALS WITH
OXYGEN, LISTS THE RESULTS OF VARIONS TESTS PEPFORMED TO DET ERMINE
THE RESISTANCE OF MATFRIALS AND CONTAMINANTS TO IGNITION IN AN
JXYGEN ATMOSPHIRE, AND REVIEWS THE OBSERVATIONS FROM A FIELD

3 . SURVEY MADE AMONG THZ ORGANIZAT TONS MOST ACTIVELY ZNGAGED IN THE
o PXODUCTION AND USZ OF OXYGEN. THE OVERALL CONCLUSION £ROA THIS
PROJECT IS THAT OXYGZN IS A POTENTIAL EXPLISIVE WHICH SHOULD BE
: . HANDLED WITH CAPE. THEPE ARE THRER BASIC ELEMENTS REQUIRED FOR

' ZOMBUSTICGN, ON2Z OF WHICH IS OXYGEN. THE OTHER THO ARE THE
COMBUSTIELE MATZRIALS AND THE SOGURCES OF ZNERGY NEEDED TG INDUCE A
REACTION, UNTIL WE LEARN MORE ABONT THE FIRST ELEVENT, OXYGEN, LT
IS NECESSARY 1) CONTROL THE OGTHEP TWO. THIS CAN 'BE DONE BY
RSDUCING OF ELIMINATING THE SOUECES. OF ENERGY THROUGHOUT A SYSTEM
AND BY A CLEANING AND MAINTENANCE PROGRAM AIKED AT THE ELIMINATION
AND AVOIDANCE OF CONTAMINANTS.

AN Y R

N

~EIBLIOGRAPHY-

e

< “CLEAN AND PURGE SQONMIPMENT,  ENGINEERING TEST REPORT NO..

3M-27448-1,00 DGUGLAS AIRCRAFT COMPANY, ‘INC., SANTA HKONICA,
CALIFORNIA (UNPUBLISHED)// COMPAT IBILITY OF MATERIALS WITH OXYGEN,
PKkOPULSION REPJRT NO. D81-444, DOUGLAS AIRCRAPT . COMPANY, INC.,
LON:> BEACH, CALIFORNTA, OCTOPBER 1, 1959// CURRENT PRACTICES IN THE
DcSIGN  AND DPERATION OF OXYSEN SYSTEMS, PROPULSION REPORT  NO.
.061-513, LOUGLAS AIFCRAFT COMPANY, INC., LONG BEACH, CALIPORNIA,
“(UNPUBLISHED) //LIDUID OXYGEZN IMPACT SEINSITIVITY TESTS, ENGINEERING
T2ST REBOFT N, SM-27448-2.00, DOUGLAS = AIRCRAPT COMPANY, INC., .

"3ANTA “OKICA, SOLVENTS, PROPULSION REPORT NO. D87-311, DOUGLAS
ALRCRATT COMPANY, INC., LONG BEPLH,. CALIFORNIA, APRIL 23, 1958
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DOUGLAS AIRCRAPT CO., INJ., LORG BEACH, CALIP. -

-JOORNAL PROCEBDINGS - . : o
CHEMICAL CLEANING -OF MISSILE LAGECHING FZACILITIES
CONPONENTS SYNP., TULSA, OKLA., JAN 20-%1, 1959. PAPER NO.

OTHER INFORNATION - : _
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keys 8353 through 8061

HANDLING OF LOW-TEMPERATURE FLUIDS AND HIGH-PRESSURE OXYGEN

by
HI®MELRERGER,F.
10/00/59
SECURITY CLASS ACZCE3S LEVEL . REPORT CLASS ENTRY EVAL.
J/Unrestricted > "Jnlinmited Sunmary Good/Excel.
- ~ABSTRACZT-

H4ZARDS ASSOCIATED WITH CRYOGEWIC FLUIDS ARE BROKEN DUWN INTO FOUR
CATZGORIES, 1. PFRSONNEL EXPCSURE TO EXTREME COLD 38 TO INERT OR
I'oxIC SASES. 2. PBFRITTLENESS Of STRUCTURAL MATZRIALS AT LOW
TEMPZRATURES. (THIS MAY NOT BE A HAZARD 1IN ITSELF BUT CAN
CONTRIBUTE TD PESRSUONNZL EXPOSURE OR TO THE FORMATION OF PLAMMABLE
ML XTNRES.) 3. HIGH PRESSUEE ARISING FROM CONFINEXENT OF LIQUIDS
AND GASES. 4. FLANMABILITY CHARACTERISTICS. THIS PAPER

"CONCENTRATES ON NUMBER 4, SINCE THE ELIMINATION OP UNINTENTICHNAL
* FLAMMABLE MIXTURES IS THE MOST SERIOUS PROBLEH.

-PERTINENT FIGURES-

- FLGe .1 METHANZ-OXYGEN-NITROGEN FLAMMABILITY  LIMITS//?7IG. 2
"PLAMMABILITY ANJ DETONAJILITY LINITS - GASES//FIG. 3 SOLUBILITY OF
HYDROCARBONS IN. LIOUID OXYGEN//FIG. 4 ZARBON ATOM CONTENT VERSUS
{SOLUBILITY Z0R% S ATURATES//FIG. 5 ADIABATIC COMPRE SSION
_TEMPERATURE//FIS. € ADSORPTION OF ETHYLENE, ~ ETHANE ~ AND.

- METHANE//FI5. 8 FLAVMMABLE LIMITS IN AIR '

-SOURCE INFORMATION~-

- CORPORATE S)JURCZ -

AIR PRODUCTS, INC., ALLENTOWN, PA.

* JOURNAL PROCEEDINGS - ‘ R .
‘ AERONAUT. IND. SECTICN PROG. OF THE NATIONAL SAFETY ZONGR.,

CHICAG), ILL., O5T 1S, 1959
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- keys 8168 through 8172

SORVEY OF AC:IDENTS AT THE AIR SEPARATION PLANTS

-ABSTRACT-

A LARGE NUMBER OP MCCIDENTS WHICH OCCURRED IN AIR SEPARALION
PLANTS IK JAPAN AND BLSEWHERE ARE ANALYZED.  CLAUDE-TYPE,
LINDE-TYPE, .AND PRANKEL-TYPE SEPARATION PLANTS ARE DISCUSSED.
AZCIDENTS WERE CLASSIPIED INTO EXPLOSIONS, BURSTING ACCIDENTS AND
ACCIDENTS IN 4HICH HUMANS WERE TINJURED OR KILLED.. VARIOUS
AZZIDENT MODES ARE ANALYZED, AND THE SUCCESS OF APPRIPRIATE
COUNTERMEASURES IS DESCRIBED. DATA ON ALL AIR SEPARATION PLANTS IN
JAPAN ARE GIVEN. MANY SAFETY RECOMMENDATIONS ARE GIVEN THROUGHOUT
IHE REPORT. .

-PERTINENT FIGURES~

TAB. 1 CLASSIPICATICN OF ACCIDENTS BY THE TYPE, PAGE 13//7rAB, 2

CLASSIFPICATION JF ACCIDENTS BY THE LOCATION, PAGE 14//TAB. 3
CLASSIFICATION - BY INDUSTRY, PAGE 14//TAB. 4 YEARLY BREAKDOWN BY
THE NUMBER OF ACCIDRNTS, PAGE 15//TAB. S MONTHLY CLASSIPICATION,
PAGE 16//TAB. 6 RELATIONS BETWEEN THZ TYPE AND THE LOCATION OP THE
OAZCZIDENTS, PAGE 16//TAB. 7 RELATION BETWEEN THE INDUSTRY AKD THE
PTPE OF ACCIDENT, PAGE 16//TAB. 8 EXPLOSION ACCIDENTS IN¥ THRE AIR
SEPARATION PLANI, PAGZS 18-36//TAB. 9 BURSTING ACCIDENTS IN THE
AIK SEPARATION PLANT, PAGES 4uU-47//TAB. 10 HUMAN ACCIDENT (BURN,
FPROST~-BITE, SUTFOCATIONY 1IN THE AIR SEPARATION PLART, PAGBS
48-51//7 TAB. 11 THE ACCIDENTS 1IN POREIGN COUNTRIES, PAGES
52-55//TAB. V2 PROPERTIES OF SOME OF THE AIR POLLUTANTS, PAGE
58//TAB. 13 SOLUBILITIES OF VARIOUS SUBSTANCES IN LIQUID OXYGEN AT
NINUS 196 DEGREBS <C, PAGE 58//TAB. 14 EXPLOSION LIMITS OF VAPORS,
PASE €0//TAB. 15 EXPLOSION AND DETONATION LIMITS - GAS PHASE, PAGE
61//FIG. 9 SOLUSBILITY OF ACETYLENE IN LIQUID

~BIBLIOGRAPHY-

AIR SEPARATION PLANT EXPLOSIEN ACCIDENT COUNTERMEASURE CONNITTEE

" DATA, I, 1II, ITI, BY TIHE AIR SEPARATION PLANT EXPLOSION AZZIDENT

COUNTERMEASURE COMMITTEBE, -NOVEMBER 30, 1950//HIGH PRESSURE GAS
ACCIDENTS AND GOUNTERMEASURES, BY THE BUREAU )P LIGHT TIHOUSTRY,

- MINISTRY OF INTERNATIONAL TRADE AND INDUSTRY//ROTZLER, R. W., J.

A. GLASS, W. E. GORDON AND'WN, R, - HESLOP., OXYGEN PLANT REBOILER
ZXPLOSION, CHEM,. EING. PROGR., VOL, 56, NO. 6, P. 31//¥RIGH!, G, T.

. OXY3EN PLANT VAPORIZER EXPLOSION, CHEM. ENG., PRIG.,. VOL S5), NO. 4,

1961, P. 45//MATTHEWS, L. G. OXYGEN PLANT EXPLOSION, CHEM. ENG,
PROSR., VOL S)°, NO. 4, 1961, P. U3/MATTHEWS, W. D. AND G. G,
OWEN.,  ASPECTS OF SAF2IY CONSITDEREL IN THE RECONSTRUCTION OF THE
I.C.I. TONNAGE JXYGEN PLANT. AT BILLINGHAM, A, I. CHEN. ENG., 1962
SYMPOSIUM AT DENVER.- W. REYNOLDS, CHEM. ENG. PRIGR., VOL 56, NO.
6, 1960, P. 73//DANGERS IN PRODUCTION AND CONCENTRATION OF OXYGEN,
MODERNZ ONFALLVIRHUTUNG, VOL 5, 196071961, P, 197//LANG, A. AIR
PRACTIONATION PLANT EXPLOSION, CHZ2M. ENG.  PROGR., VOL 53, NO. 2,
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1962, P. 70//HARADA, KO. EXPLOSION ACCIDENT AT THE AIR SEPARATION
PLANT IN DORTHOND, AND THE LESSCONS. SAFETY ENGINEERIEG 2, NO. 3,
1963, P. 195//MCKINL2Y, C. ANLC F.  HIMMELBERGER (AIR PRODDCTS,
INC.). OJYYSEN PLANT AIR CONTAMINANT SAPETY PRINCIPLES, CHEN. 2ENG.
#RO3R., VOL 52, NO. 11, 1957, P. 112, P. G. KERRY (AMERICAN AIR
LIQUID, INC.). SAFETY ASPECTS OF HNMODZRN AIR SEPARATION PLANT
<YCLES, CHEM. 2NG. PROGR., VOL 53, NO. &, " 1957, P. 181//MEONNA,
GOHRBRI, EIZO KANDA, TETSUZO KITAGAWA, - SHOICHI SAWAYANAGI AND
RYOICHT KUIMAGAYA. STUDY ON THE AIR SEPARATION PLANT EXPLOSIONW
PREVENTION COUNTERMFASUPES,. JOURNAL OF THE HIGH DPRESSURE GAS
ASSJOCIATION, VOL. 17, N2, . 4, 1953, P. 128//KOBAYASHI, YOSHITIAKA
AND TETSHZO KITAGAWA. A RAPID METHOD TFOR THE OQUANTITATIVEB
ANALYSIS OF TRACT NITROGEN DIOXIDE IN LIQUID OXYGEN IN AIR
SEPARATION PLANIS, KOKaA, VOL. S8, NO. 9, 1955, P. 651// aRAXI,
SHUN AND TATSUD KATO. ANALYTICAL CHEMISTRY, VCL. 11, 1962, P. 533,
SHUN ARAKI, TATSUO DATO, NOIAKI UEKUSA, JUNJI KUZUMA. ANALYTICAL
CHEMISTRY, VOL. 12, 1963, P, 107 :

-SOURCE INTORMATION-

RE PORT NUMEER -~
N71-12657//8AS5A-TT-F-13388
JOURNAL PROCEEDINGS -
J. AMMONIUYM SULPHATE ENG. VOL 17, ©NO. 3, (1964) (TRANSL. BY
SCIENTIFIC TRANSLATION SERVICE, DEC. 1970)
OT HER INFORMATION - : :
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, " keys 8265 through 8263
HIGH-PURITY PRODUCTS PRON AN AIR SEPARATION PLANT '

by
DINAPOLI,R.N,
SASS,A .M.
00/00/70
SECURITY CLASS ACCESS LEVEL REPORT CLASS EHTRf EVAL.
D/Unrestricted frlimited Summary : Acceptable.
-ABSTRACT~

THE SINULTANEOUS PRODUCIION OF HIGH PORITY dXYGBN. NITROGEE, AND

- ARGGH IS OFTEN REQOUIRED PROM AIR SEPARATIOR PLANTS TO MEET TODAYS

NZEDS OF THE MILITARY, SPACE, AND <COMMERCIAL MARKETS. DZTAILED
PRODUCT SPECIPICATICNS AS DEVFLOPED BY THE YARIDUS SEGMEETS NF THE
INDUSTRY AFRE PRESENTED TOGETHER WITH ACTUAL PLANT PERFORMARCE
DATA. GAS CHROMATOGRAPHY IS USED TO FEASURB INDIVIDUAL COHPONEZNT
IMPURITIES IN JXYGEN AND TC MONITOR HYDROCARBON CONTZET AT VARIOUS
LOLATIONS WITHIN THZ PLANT.

-PERT INENT FIGURES~-

. TAB.%Y TYPICAL HYIGH PORITY PRODUCT SPECIFICATIONS PAGE '0//TAB.3
©  3AS CHROHMATOGRAPHIC ANALYSIS PAGE 12 >

-BIBLIOGRAPHY~

B. E. LATIMER, A.I.CH.E.J. 3(1), 75, 1957//R. J. HODGES AHD R. J.
BURCH, CFYOGENIZS, 6, 112, 1967//R. P. BARRIN, CBRYOGENIC SYSTESS,
MCGRAW-HILL BOOK CO., - KEW YORK (1966), P. 107//J. H. PERRY, ED.,
CHEMICAL . ENGINBERS HANCBOOK, MCGEAW-HILL BO2K <Co., NE¥ YORK
(19500, P. 1711, N A ;

-SOURCE INPORNATION=-
ZORPORATE SOURCZ - ' : .«
. . AMEPICAN CRYOGENIC s, INC., ATLANTA, GA.*
"JOURNAL PPROCEEDINGS - L : ,
ADVAN. CRY)G. ENG. VOL 15, 399-405 (paoc. CRYOG. ERG. CONP.,
: 15TH, LOS ANGELES, CALIP., JUN' 16-18; 1969
PUBLISHEF - .
_ PLENUM PRESS, INC. N -
OT HZR TINFORMATION - : ' _ AT :
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SAFETY PRECAUTIONS WITH RESPECT TO HYDROCARBONS IN AIR
FRACTIONATING APPARATUS (SCHUTZMAFSNAKEM GEGEN
KOHLENWASSERSTOFFE IM LUFTTRENNER)

SO LR L ic i L KSR 16 Tk e e

by
) KARWAT,E.
ORIGIN 4 - -
OF Pd'\gL PAGR IS ' 11/00/f0
o (?Lﬂlﬁjjwr
SECURITY CLESS ACSESS LEVEL REPORT CLASS ENTRY EVAL.
U/Unrestricted nlimited Incremental Good/Excel.

-ABSTRACT-

THIS REPJRTS THE INVESTISATION OF AN ZXPLOSION IN THE
LINDE-TRAENKL APPARATUS IN AN AIR SEPARATION PLANT. THE EXPLOS ION
TOOK PLACE WHEN 'LIQUID OXYGEN FROM THE ACETYLENE SEPARATOE WAS
DISCHARGED. PRIVIOUS TESTS SHOWED THAT THE ACFTYLENE CCNTENT OF
THE STREAM WAS LFSS THAN 0.01 PPM SO THAT THE ZXPLJISION MUST HAVE
BEEN CAUSED BY DTHER HYDROCARBONS. IT APPEARS THAT THE PROPYLENE
. PRESENT. IN THE STREAM PREVENTS THE SOFPTION JF ETHANE AND IMPAIRS
¥ THE SORPTION OJP PROPANE AND ETHYLENE. THE AUTHOR RECOMMENDS - 1)
MORE VIGGROUS FLUSHING OF TEE AUXILIARY VAPORIZ2R, WITH THE FETURN
OF THE ODVERFLOW LIOUWID THROUGH THE ADSORBER PLACEZD AHEAD OP THE
_AUXILIARY VAPORIZER. 2) SCRUBBING OBT OF THE HYDRDOCARBONS PROM THE
- AIR WITH THE SMALLEST  POSSIBLE AMOYINT OF LIOQUID AIR BEPORE ITS
- 2NTRANCE INTO.THE <COLJUMN. 3) ADSORPTION OF THE HYDROCARBONS FROM
g THE GASEOUS AIR BFETWEEN THE RESENERATOR AND THE COLUMN. &)
3 RESENERATIVE ADSORPTION/DESCRPTION Of THE AIR ON A SORBENT LAYER
B PLACED AT THE COLD END OF THE RESENERATOR, S5} BURNING OF THE
HYDROCARBGNS BZ2FORE THE AIR ENTERS THE PRACTIONATOR., THE PAPER

INCLUDES DETAIL3S FOR IMPLEMENTINS THS RECOMMENDATIONS, ’

'
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ek o -PERTINENT FIGUFES-

o

FIG.1 ADSORPTIDIN OF VAFIOUS HYDROCARBONS '‘ON SILICA GEL FROM THEIR
& SOLUTION IN LIQJUID OXYGEN, PAGE 13//FIG.2 FLUCTUATIONS IU THE
. - PROPANE CONTENT OF THE. LIQONID IN THE PRESSURE COLUMN AND IN THE
3 . MAIN CONDENSER, PAGE 14//PI5.3 ADSORBER-POR THZ OVERPLOW * LIQUID
"PROM THE AUXILIARY VAPORIZER, PAGE 15//RIG.4 TEMPERATORE ZHANGES
-IN THY GEL LAYER RZGENERATOR, PAGY 16 T . .

Ll TS &

- SOUPCE INFORMATION-

<ORPOPATE SOURCZ =-. -
PULLACH NEAR MUNICH

JOURNAL PROCEZDINGS -~
LINUE BER. TECH. WISS., NO. 10, 12-6 (NOV 1360) (IN GERMAN)
(TRANSLATED> BY r.E.E. GERMANN, NBS, TRANS. NO. T-14, APR,
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keys 9109 through 9110

THE DETERMINATICN OF TRACE IMPURITIES IN LIQUID OXYGEN FPOR
RREATHING 3Y INFRA-RED METUHODS

hy

CORBETT,J.K.

10/00/67
53CURITY CLASS. ACJESS LEVEL AFE'P'ORT CLASS ENTRY EVAL.
U/0ther Govt./Contr. Incremental Good/Fxcel.
-ABSTRACT-

A DOUBLE-BLAM INFRA~RED SPECIROPHOTOMETER HAS BEEN MODIFIED BY THE
ADDITION OF A PAIR OF 40 METRE LONG-PATH CELLS AND ORDINATE SCALE
ZAPANSION TO MAKE POSSIBLE 'THE DETEZTION AND QUANTITATIVE
JET ERMINATION JDF TFACZS CF IMPURITIES IN LIQUID OXYGEN FOF
3HEATHING. THZ 3FFECTS OFf PRESSUEZ BROADENING ARE CONSIDERED AND

‘'THE LOMER LIMITS ©O2 DITZ-TION ARE LISTED FOR THE IMPJRIFIES

DS TSRMINED., ‘'THI3 SPECTROPHOTOMETER PROVIDES AN .ACCURATE AND RARPID
METHROD .FOR THE DETERMINATION OF THE . TRACE IMPURITIES 1IN LIQUID
OXY3EN FOR BREATHING TO AIR STANDARD 14/9A. ONLY INPRARED INACTIVE
MOLECUYLES SUCH AS NITROGEN, HELIf™, ARGON,  ETC. ARE INCAPAELE OF

' D2T2CTION BY TH3Z NETHOD DESCEIBED.

-PERTINENT FIGUPES-

TAB.1 SPECTRDSCIPIC DATA TFOR IMPHRITIES, PAGE '4//TAB.2 PRESSURE
BEOADENING OF R CONSTANT PARTIAL PRESSURE  OF. ETHYLENE, PAGE
5//TAB.3 PKESSURE SENSITIVITY, PAGE 6//TAB.6 CALIBRATION DATA POR
GASES, PAGE 10//TaB.9Y MINIMUM DETECTION LINITS, PAGE 13//TAB. 10

 CONIENTRATIONS OP IMPURITIES FOUND IN OKYGEN, PAGE 14

-BIBLIOGRAPHY-

J..K. CORBETT, INPFPA-RED TRACE 3AS ANALYSIS. PAPER DELIVERED AT
THE CHEMICAL INSPECTORATE, A. D. CONFERENCE, OCTOBER, 1965.

se
s

~SOURCE INFORMATION-

' ZORPORATE SOURCI -

CHEPICAL INSPECTORATE, LONDON, ENGLAND

REPORT NUMBESR - -~ -
RPE-TM-437//AD=E26520

OTHER INFORMATION -

N01S PAGES, 0003 FIGURZS, 0011 TABLES, 0027 REPERENCES
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keys 9119 through 9122

LIQUID PROPELLANT GAS ABSOBPTION STUDY, FINAL SUMMARY TECH.
REPT. COVERING PERIOD 24 JUL 1967-24 JUN 1968

by
CANNON, W, A,
ROBSON,J.H.
ENGLISH,W.D.
ORIGINAL PAGE IS 08/00/68
OF POOR QUALITY
SECURITY CLASS ACC3SS LEVEL REPORT CLASS ~ ENTRY EVRL.
J/Unrestricted N1IS Incremental Acceptable
-ABSTRACT-

THIS FPINAL TECHNICAL REPORT SUMMARIZES THE STUDIES CONDUOCTED ON
CHE SOLUBILITIEI OF PRESSURANT GASES HELIUM AND NITROGEN IN THE
LIQUID PPRIPELLANTS PLUORINE, FLOX, OXYGEN, OXYGEN DIPLUORIDE,
DIOXYGEN DIFLUORIDE, NITROGEN TRIPLUORIDE, TETRAFLUOROHYDRAZINE,
CHLORINE TRIPLUORIDE, <CTHLORINE PENTAFLUORIDE, ETHANE, ETHYLERE,
PROPANE, T[IBORANE, TRIMETHYLBORANE, NITRYL FLUJRIDE, PBRZHLORYL
FLUDRIDE, AND AMMONIA. HELIOM SOLUBILITIES WERE MEASURED POR ALL
PROPELLANTS, BOT ONLY A FEW CONBINATIONS WERE OUOSED WITH NITROSEN.

. 8EASURENENTS WERE MADZ AT TWO PRESSURES, 300 AND 700 PSIG, AND AT

SEVERAL APPROPRIATE TEMPFRATURES COVERING A RANGE ABOVE AND BELOW
THE .NORNAL BOILING POINT WHEREVER POSSIBLE. SAMPLES WERB TAKEN

_PROM CAREFULLY EQUILIBRATED, AGITATED SYSTEM5, AND ANALYSES WERE

CONDUCTED BY GAS CHROMATOGRAPHY. THE GAS CHROMATOGRAPHIC ANALYSES
OF THE HIGH ENRRGY PROPELLANTS REQUIRED THE APPLICATION OP SEVERAL
UNCONVENTIONAL TECHNIQUES. THESE INCLUDED (1) USE OF OXYGEN AS A
CARRIER GAS, AND (2) COMPLETE ABSORPTION OP THE PROPELLANT ON THE

- COLUMN ‘TO PREVENT ATTACK ON THE DETECTOR SENSORS, YET PEBRMITPPING

ZLUTION OF OTR2R COMPONENTS, INCLYMDING THE PRESSURANT GAS, FOR

- ACCURATE -ANALYS3S.

-PERTINENT PIGURES-

TAB.2 SOLUBILITY OF HELIUM AND NITROGEN IN LIQUID OXYGEN
DIFLUORIDE, PASE 24//TAB.S SOLUBILITY Or -HELIUM IN LIOUID

.. PLUORINE, PAGE 30//TaB.7 SOLUBILITY OF HZLIUM IN LIQUID 73-FLOX,
" PAGE’ 33//TAB.9° SOLUBILITY OF HELITN IN LIQUID OYXYGEN, PAGE

36//TAB.11 SOLUIILITY OF HELIUM AND NITROGEN IN LIQUID ZrHYLENE,

PASE 39//TAB.15 SOLUBILITY OF HELINM IN LIQUID - DIOXYGEN

DIFLUORIDE, PAGZ 49 ‘ :
-BISLIOGRAPH Y~

R. N. HENNINS ANT P, L. BARRICK, GAS-LIDUID EQUILIBRIUM
SOLOBILITIES FOX THE HELIUM OXYGEN SYSTEM, PREPRINT OF PAPER.
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PZESENTZL AT CRYOGENIC CENGINBEFING CONPERENCE, PHILADELPHIA, PA.,
AUGUST 18-21, 1964, ALSO NASA REPORT NO. 2736, VCL. IIB,
PRESSURIZATION SYSTEAS DESIGN GUIDE, REVISED JULY 1966//0. RUPF
AND W, NMFENZEL, Z. .ANORG. ALLGEM. CHENM., 211, 204 (1933)//F.
DANIELS, J. H. YATHEWS, AND J. W, UWILLIAMS, EXPERIMENTAL PHYSIZAL
CHEMISTRY, PP, 447-4%50, 3RD ED. NCGRAW-HILL BOOK (O., INC., NEW
YORK, N. Y., 1941

=SOURCE INFORMATION-

=i

<ORPORATE SOURC2Z - :
DOUGLAS AIRCRAFT CO., INC., NESPORT BEACH, CALIF. MISSILE AND
_ _SPACE SYSTZMS DIV, ASTROPOWER LAB.
RC PORT XUMBER -
DAC~-60510~-72"
SPONSOR -
o e--MATIONAL AZRONAUTICS AND - SPACE ADMINISTRATION, WASHINGION,
D.C. :
CONTRACT HUMBLR -
COBTPAUCT NAS7-548
OTHER IHFOERMATION -~
0065 PAGES, D008 FIGURES, €021 TABLES, 0003 REFERENCES
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keys 9210 through 9213

AYIATORS BRh&THING OXYSEN PROX AIRCRAPT CONVERTERS,
EVALUAT ION OF

-ABSTRACT-

Td0 SAMPLES OP AVIATORS BREATHING OXYGEN WERE ANALYZED FOLLOWING
AN ACCIDENT 1IN WHICH A PILCT WAS KILLED, THE LIQUID OXYGEN HAD
BEEN OBTAINED PROM THE AIRCRAFT CARRIER USS BENNINGTON. THR
SANPLES WERE TAKEN FROM LOX CONVERTERS OF AIRCRAFT WHICH HAD
OBETAINED LOX FROM THE BENNINGTON AT THE SANE TINE AS THE AIRZRAFT

"INVOLVED IN THE FATAL CRASH, THE SANPLES CONTAINED CONT ANINANTS

PAR IN EXCESS OP THE MAXINUMS ALLOVED UNDER SPECIFICATIONS., PILOT
COMPLAINTS OF BAD ODORS, HEADACHES, NAUSEA, AND LOSS OF
COORDINATION WERE ATTRIBUTED IO THE OXYGEN SUPPLY. IT IS SUGGESTED
IHAT THE TOXIC EFPECTS JF THE CONTAMIBANTS MIGHT BE ENHANCED WHEN
3BREATHING PURE OXYGRN. IN ALCITION, ONE SANPLE CONTAINED ACERTYLENE
I8 - BXCESS OF “~1TS- SOLUBILITY IN 10X, CORSTITOTING AN EXPLOSIVE
daZARD. THE REPORT RECOMMENDS THAT MEANS OF NONITORING CONTANINANT
LEVELS IN LOX BEZ PROVIDED TO AIRCRAPT CARRIBERS AND ALL LAND~BASED
°LANTS WHICH D0 NCT HAVE SUCH TINSTRUMBNTATION. A SUGGESTED
INSTROMENT IS A GAS CHROWATOSRAPH  SUCH AS THEZ NRL TOTAL
4YDROCAREON ANALYZER,

-PERT INENT FIGURES-

TPaB. ANALYTICAL DATA FOR OXYG3N SANMPLES FROM AIRCRAFT CCNVERTERS,
PAGE S : :

- SOURCE INFORMATION~-

- SQBPORATE SOURCE -~

NAVAL PESEARCH LAB., HASHINGTON, D.C.

" BEPORT NUMBER -

618C=-176

~OTHER INFORMATION -

nN06 PAGES, 0001 ?IGURFS, 0000 TABLES, 0004 REPERENCES
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key 9261

DEVELOPHMENT OF VULCANIZAPLE ELASTOMERS SUITABLE FOR USE IN
CONTACT WITH LIQUID OXYGEN. ANNUAL SUMMARY R’PORT, JINE
1967 -MAY 1968

by
ORIgG
OF pouiL PAGE
Poo ; WARNER,D.A.
U QUALITY .

S 09/00/68
E SECURITY CLASS ACCESS LEVEL -  REPORT CLASS CENTRY EVAL.
3, J/Unrestricted . NTIS _ Incremental Acceptable
& [ . ~ABSTRACT-
: .

e
~

HOMOPOLYREES HAVE BEELYN PREPLRLD AND THEIR LOW TzMPERATURZ TENSILE
PROPERTIES STUDIED. INCREASING VALUZS OF N WERE FOUND TO BRING
ABOUIT INCREASING ELONGATIONS AND DECREASING TENSILE STRENGTH AND
TOUSHNESS. ATTEMPTS TO PREPARE COPOLYMERS WITH VINYLIDENE
FLUORIDE WEFZ UNSUCCESSFUL. ATTENPTS TO PREPARE CYCLOPOLYMERS OF
PE&Z LUOROGLUT ARALDEHYDE, . PERFLUOROGLUTARYL FLUORIDE, AND
PERFLUJPO-3-DXAHEPTADIENE-1,6 WERE UNSUCC2SSFUL. POLYANHYDRIDES OF
ZLUOROCARBON DICARBCXYLIC ACIDS WERE FOUND TO BE HYDROLYTICALLY
UNSTABLE, POLYZONDENSATION OF PERFLUOROALDEHYDE ' HYDRATES ®ITH
PLUOROCAFBON DICARBCXYLIC ACIDS DID NOT PHRODUCE THE EXPECTED
LINZAR POLYESTERS. WORK WAS BEGUN ON THE PBEPARATIDN CP ESTERS
_DbRIV“D }QOH OLIGOMERS OF HEXAFLYOROPROPYLENE OXIDE. ‘

-BIBLIOGRAPHY-

MSFC 1065,:TESTING COHPATIBILITY OF MATERIALS FOH LIQUID OXYGER,
SYSTEMS, SEPTEMBER 16, 1966 ’ )

-SOORCE INFORMATION-

CORPORATE SOURCZ -
PENINSULAR ‘CHENRESEARCH, INC., GAINBSVILLE PLA.
REPORT NUMBER - .
N69-36193//NASA-CR=-102228//CPB-02~ 1163-63//ASR-5
SPONSOR -
MATIONAL AZRONAUICS AKD SPACE ADHINISTR}TION. MARSKALL SPACE
FLIGHT CENTER, FUNTSVILLE, ALA.
CONTRACT NUMBER =~
, NAS8-5352
OT HER INFORMATIJN - . R o
0063 PAGES, 00v2 PIGURES, 0006 TABLES, 0016 REPERENCES
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keys 10161 through 10163°

NEW DATA ON THE EXPLOSIVENESS OF LIONID OXYGEN AND
HYDRC-CARBONS (RUSSIAN)

by

GITTSEVICH,G.A.
BASYROV,Z. B.
SAGAIDAK,V.J.

00/C0/59

SECURITY CLASS ACCESS LEVEL ’ REPORT CLASS " ENTRY EVAL.
U/Unrestricted Tnlimited " Incremental Acceptable

.. . _~ABSTRACT-

EXPERIMENTS SHDWED THAT THE HEATING OF CYLINDER OIL, UNDER
PRESSURE 1IN AIR, PRODUCES LOW-BOILING LIQUID AND GASEOUS
HYDROCARBONS AND <COKE, THE PRODNCTS OF THERMAL CRACKING. THESE
PRODUCTS, MIXE2D WITH LIOUID OXYGEN, WERE TESTED PCR EXPLOS ION
SENSITIVITY, AND WERE FOUND TO BE MORE SENSITIVE TO IMPACT THAN
NITROGLYCEPINE. THZ ©DATA SHOW THAT ACBTYLENE SHOOLD &OT BE
CONSIDERED THE ONLY CaANSE OF EXPLOSIONS 1IN AIR SEPXRATION
SQUIPMENT. PRODUCTION OF <PACKING GASES 1IN RECIPRCCAT ING
COMPRESSCRS, AND THEIR CONDENSAT ION WITH OXYGEN IN AIR SSPARATION
EQUIPMENT, CAN EXPLAIN EXPLOSIONS IN CTASE HHERE" ACETYLENE AND
LUBRICATING OIL. WEBE.NOT FOUND, CLEANING OF THE PROCESS AIR, WITH
REMOVAL OF ALL OILS AND OTHEPR _HYDROCARBOES,  CAN INSTRZ SAPE
OPERATION OF AIR SEPARAYION EQUIPMENT.

-PFRTINENT FIGURES-

TAB.1 COMPISITION OF GASES OBTAINED BY THEREAL CR?CKING OF OIL
P-28 AT TEMPERATUREZS O7 200 AND 350 T, PAGE 14//TwB.2 SINIHUM
PRESSURE OF RUPTURE OF DIAPHGRAMS. NECESSARY TO PRIDUCE EXPLOSIONS
IN VARIOUS MIXTURES, PAGE 15 .

~BIBLTOGRAPH Y~
Lo - :

SITTSEVICH, G. A., ~ON REASONS FOR EXPLOSIONS 1IN CONDENSORS,
COLUMNS AND AZETYLENE ADSOEBERS .AND HMETHODS OJF PROTECTING AIR
SEPARATION EQUIPMENT FROM OIL,  MATERIALS OP THE TECHNICAL COUNCIL
ON SECURITY O0? . EXPLOSICN-SAFE CONDITIONS JF . OPBRATION or

AIR-SEPAFATION EOUIPHENT;': V.NI.I.K.IJM.A.SHe, MO5COd,
1956 //GITTSEVICH, G. -A., CN REASONS FOR EXPLOSIONS IN
AIR-SEPARATION EONIPMENT, . KISLOSCD, 1957, NO. 2, P,

27-33//GITTSEVICH, G. A., OBTAINING LIQUID DJXYGEN POR MEDICAL

. PURPOSES WITHOUT REPEATED CONDENSATION, KISLOROD, 1958, NO. 1, P.

26-9//ERICH, V. N, AND PAZHITNOV, V., K,.,, CHEMISTRY OFP PETROLEUNM
ANLD ARTIFICIAL LIQNID FODEL, MOSCOW, 1958//POLLITZER, ., ON
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ZXPLOSIONS 1IN APPARATUS ° FOR LIQUEFACTION AND SEPARATICN OF AIR,
2SCHR. P. ANGEW, CHEMIE. 1923, VOL 36, NO. 39-40, P. 262-6

LIRS L

-SOURCE INFORMATION-

e

JOURNAL PROCEEDINGS - . :

K ISLORJDD, UY.S.S.R%. VOL 12, NO. 3, 12-6 (1959) (IN RUSSIAN)
OTHER INFORMATION -~ : .
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keys f023u through 10235
A STUDY OFP TRACE IMPURITIES IN;AVIATORS BREATHING OXYGEN
. oy
DREW,C.N.

SCHOWEN,R.L.
SMITH,S.R.

02/703/58
SECORITY CLASS ACCESS LEVEL RZPORT CLASS ENTRY EVAL.
U/0nrestrictead NT IS Incremental Acceptable
<ABSTRACT-

A STNDY OF AVIATORS BREATHING OXYGEN FROM PRESSURE AND LIQUID
APPARATUS -~ "HAS BEEW - CARRIEL OUT TO DETERMINE THE INPURITIES T HAT
ARE RESPONSIBLE FTOR NAUSEA AND ANOXIATION PEPORTED BY SOME PILOTS.
AN ANALYTICAL METHOD USING GAS CHRONATOGRAPHY AND MASS
SPECTROMETRY HAS EEEN USED *TO DETERMINE THE IDENTITY AND
CONCENTRATION D7 THE CONTAMINANTS 1IN THE BREATHING OXYGEN. A
POSSIBLE MECHANISM WHEREBY THESE CONTAMINANTS AFFECT THE PILOTS
HAS BEEN PRJIPOSED AND FKEZOMMENDATIONS TO PUPIZY THE BREATHING
OXYGEN HAVF BEEN NADE. " THE REPORT CONCLUDES WITH A NUNBER OF
RECOMMEZNDATIONS MOSTLY CENTERING AROUND PURGING OP THE SIORAGE
TANKS, TEANSFER CARIS AND HMOST ESPECIALLY THE CONVERTER TANKS 1IN
THE AIRCFAFT. THE USE OF ABSORBENTIS 1IN THE LOW PRESSURE FEED
LINES IN THE AIRCRAFT IS ARLSO RECCMMENDED.

-PERT INZNT FIGURES-

?7IG.2 RUN ND, S01 LIOUID OXYGEZM FROM CONVERTER, PAGE 13//FIG.3 RON
NO. 503 STORAGE TANK NO. 1, PAGE 14//FIG.4 RUN NO. 504 GAS FRON
ZONVERTER, AGE 15// FIG.7 RUN NO. 507 NEWLY REFPILLED STORAGE
TaNK, PAGE 18//FIG.d RUN NO. 508 OXYGEN LIQUEFIED FROM CYLINDER,
PASE 19//TAB.1 ANALYSIS OF OXYGEN SAMPLES, PAGES 24-26

-BIBLIOGRAPHY~-

DREW, CHARLES M., JAMES k. MCNESBY, S, ROVENK. SMITH AND ALVIN- S,
SORDON. APPLICATION OF _VAPOF PHASE CHROMATOGRAPHY TO MASS
SPECTROMETER . ANALYSIS,. ANAL ~CHEM,. VOL. 28, (1956) P 979//DRE %,
CHARLES . M., AND JAMES PR, MCNESSY. SONE PROBLEMS ENCOUNTERED 1IN
THE APPLICATION OF VAPOUR PHASE CHROMATOGRAPHY T) KINETIC STUDIES.
YAPOR PHASE CHROMATOSRAPHY SYMPOSIUM BRITISH INST. PET., LONDON.
MAY-JUNP 1956, BUTTERWORTHS SCI. PUB. 1957// EGGERTSON, F. T., H.
5. KNIGHT AND SIGURD SROENNINGS. 5AS CHROHMATOGRAPHY, USE OF LIQUID
MODIPIED SOLID ADSOREEZNI TO RESOLVE C(S5) AND C(6) SATURATES, ANAL
CHEM, VOL. 28 (1956), P. .303//KOBAYASHI, YOSHITAKA, AND TETSUGO
! KATAGAWA, (YOKAHAMA NATL UNIV,), RAPID METHOD Lok THE
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JETZRMINATION OF LOW CONCENTRATIONS OF NO({2) IMN LIQUID OXYGEN IN
AIR SEPARATION, J CHEN SOC JAP, IND. CHEM. SBCT., VIL. 58, (195%9),
PP. 651-654//PAIRHALL, LAWRENZE T., INDUSTRIAL TOXICOLOGY, 2NKD
ZDITION. THE WILLIAMNS AND WILKINS CO., (1957 //SAX, IRVING - N.,
HANDROJK OF DANGERQOUS MATERIALS, REINHOLD PUBLISHING CORP., (1951)

4,

5y 211

-SOURCE INFORMATION-

' ZORPORATE SOURCZ -

NAVAL DPDNANCE TEST STATION, CHINA LAKE, CALIP. RESEARCH
DEPT.

oo REZPORT NUMBER -

: NAVORD-R-5309//NOTS-1887
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keys 11333 tihrough 11386
-1§ﬁ§VEY OF CONTAMINATION IN ROCKET :PROPULSIDN FLUID SYSTEMS
by

TELLIER,G.F.
LEVELLEN,J.¥.
STIANDKE ,H.

11/00/67

SEZURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL.
- U/Gt her Gcvt, Only Summary ) Acceptable

~ABSTRACT-

THIS FEPORT PRESENTS THE PHASE I SURVEY RESULTS OF A PROGRAM TO
£3ERATE DESIGN’ CFITERIA 'FOR VALVE POPPETS AND SEATS CAPABLE OF
'SE&LING RELIARLY 1IN THE CCNTAMINATION ENVIRONMNENT PRZSENT 1IN
ROCKET PFOPOULSION PLUID SYSTEMS. THE PURPOSE OF THE SUBRVEY HAS TO
QUANTITATIVELY AND OQUALITATIVELY DESCPIBE CONTAMINANTS (PBIMARILY
PARTICTLATES) OCCUREING IN THESP SYSTEMS. A CONPREHENSIVE
LITERATURE SEARCH VYIELDZC CONSIDERABLE GENERALIZED INFPORMATION ON
COETAMINATION DZSCRIPTION WITH RESPECT TO TYPES, SOURCES, ANWD
CUHBTROL.  ADDITIONALLY, EXTENSIVE LITERATORE ON PARTICLE SIZE
ARALYSIS AND GRAPHICAL DISPLAY WAS OBTAINED. THESE TWO CAT EGORIES
Of INPOFMATIOX ARE SUMMARIZED AND A SOBJECT CATESORIZED
BIBL IOGRAPHY D27 209 ANNOTATIED REFERENCES IS PRESENTED.: A SURVEY
027 ORGANIZATIONS _ASSOCIATEL WITH LIQUID ROCKET PROPOLSION WAS
PZEPORMEL FROHM WHICH NUMEROUS SPECIFICATIONS AND TYPICAL
SOBTAMINATION DATA FOR A VARIETY OF ~FLUIDS, <CONDITIONS, AND
LOCATIONS WERE OBTAINED. THESE DATA, AS COMPILED AND TABULARLY
PRESENTED, REPRESENT A BROAL SPECTRUM JF FLOID SYSTENM
COSTAMINATION. THIY Do NOT, HOSEVER, SPECIPICALLY DEFINE
CONTAMINATION 1IN OFERATING LIQUID ROCKET SYSTEMS. THIS RESULTS
FROM EXTFEMEZ DIZPICULTIES IN OBTAINING REPRESERTATIVE SANMPLES AND
MAKING ACCHRATE MEASUREMENTS, THE REPORT REALLY IS A SURVEY, BGOT
IT DOES GIVE VARTIOUS CLEANLINESS CRITERIA AND STANDARDS AS WELL AS
CONTAMINATION DATA. : ’ o

-PEFTINENT FIPUPES°

P1G.B-6 PARTICLZ <CTOUNT LIHIIS FOR SPA;E ENGINES PER ROCKETDYNE
SPECIFICATION RA0615-003,- PAGE 191//FI5.B8-10 PARTICLE COUNT LIMITS
fOK. APOLLO SPACECRAFT Dzuxvzazn PROPELLANTS PER NASA MSC-SPEC-2-6,
PAGE 195// FIG.B-11 PARTICLE COUNT LIMITS AND DATA POR APOLLU -
SATURN, LM-RCS FROM NASA, KSC, PAGE J196//FIG.B~12 PARTICLE ZOUNT
DATA FOR APDLLD - SATURN LM-RCS PROM NASA, KSC, PAGE 197//FIG.B-13
PARTICLE COUNT LIMITS ANC [CATA FOR APOLLO - SERVICE PROPULSION
35YSTEM, PAGE 198//FIG.R-18 PARTICIE ;onnr LIAITS AND DATA PCR P-1
ENGINE GIMRAL SYSTEM, PAGE 203

YTy 8 2
Ox'il\Jli.\‘AL PAGE 1S
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-BIELIOGRAPHY~-

CC STANDARDS, A STATE OF CONFUSION, BIRCH, W. F., CONTAMINATION
<ONTROL, PP. 18-21, JANUARY 1967//STUDY OF LIQUID OXYGEN
~ONTAMINATION, PCSTER, F. H., AIR PRODOUCTS AND CHEMICALS,
INCORPORATED, SsD-TDR-6€62-8, MAY 1961, CONT RACT
AP33(616)-6730//SURYEY OF [ ?OPELLANT STORAGE AND LOADING SYSTEN

DORING THE MODIFICATION OF STANDS D-1 ARD D-2 FOR XSH-68B, KRAMBR,.

R. P., ET AL, THE MARTIN CCMPANY, REPORT CR-60-131, MARCH 1961,
ADUL4TBT4//HANDBOOK POR CONTAMINATION CONTROL ON THE APOLLO
PROGRAM, NASA, WASHINGTON, L. C., NASA ISSUANCE NHB 5300.3, APOLLO
DECUMENTATION NO. RA-027-001-1A4, AUSUST 1966// DISCONNECT COUPLING
KEQUIREMENTS FOR PLUORINE-CONTAINING OXIDIZERS, VAR HORN, P, ¥.,
DOUGLAS AIRCRAPT COMPANY, INC., REPORT DAC-59241, AFRPL-TR-66-89,
JUNE 1966//STUDY 1IN THE FIELD OF FLNID CONTAMINATION, PITIH, E.
ey EZT AL, ODKLAHOMA STATE UNLVERSITY, PLUID CONTAMINATION PROJECT
REPORT NO. 6, AUGUSI 1963, CONTRACT NO. AF34(601) -18090, ADU22550

~ "SOUWRCE INFORMATION=

CORPORATE SJOURCE -
FROCKETDYNE, CANCGA PARK, CALIF.
REPORT NUMBER = ,
X68-16850 //AFRPL-TR-67~290//AD-829701
SPONSOR - ’ ‘
AIR FORCE ROCKET PFOPULSION LAB., EDWARDS AFB, CALIF.
CONTRACT NUMBER - -
CONTRACT PI4611-67-C-008
OF HER INFORMATION -
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keys 12608 throuqgh 13609
PROCESS POR DEMEBTHANIZATION OF LIQUID OXYGEN
. by

SAVAGE,D. W,

08/03/71
SECUHITY CLASS ACCESS LEVEL REPORT CLASS . ENTRY EVAL.
UO/Unrestricted ffrlisited Summary A cceptable
~ABSTRACT -

THE DISCLOSURE IS DIRECTED TO AN IMPROVPD PROCESS POR THE REHOVAL
O7 MZTHANE FROM A MIXTURE OF SETHANE ANL OXYGEN BY THE JSE OP AN
X-TYPE ZEQLITE CATALYST. THE USE OF SILVER AND CALIIOUN
~ATION-EXCHANGED PORMS OPF SYNTHETIC X ZEOLITES RESULT IX A HNOUCH
HISHER CAPACITY - POR-HBTHARE "“RESOVAL THAN WAS HERETOPORE POSSIBLE
UNDER THE PRIOR AFT.

-SOURCE INPORMATION-

<ORPORATE SOURCE =~
ESSO RKESEARCH AND BNCINBERINS CO., LINDEN, N. J.
RZPORT NUNABER -~ .
g.S. PAT 3,597,169
OTHER INFORMATION -
0003 PAGES, NOCPC FIGURES, (002 TABLES, 0002 REPERENCES
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keys 14946 through 14948

EVALUATION DJF USED LOX PUMP OIL (NU-TROL, HARR-II), NU-CHEN
INDUSTRIES, SHARPES, PLA.

by

WALTERS,G. L.

as/z18/71
SECORITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL.
U/0ther Govt./Contr. Incremental Acceptable
‘~ABSTRAZT-

THIS REPORT PRESENTS_RESTULTS OF AN EXAMINATION OF SIX SAMPLES OF
USED LOX PUMP OIL. THE TESTS SHOWED ND BREAKDOWN JF CONSTITUEHNTS
O FOPM FREE ACID, BUT THERE WERZ AGGPEGATES OF TEFLON PART ICLES

. SUSSESTING PRELIMINARY CHANGES. SOME OF THE OIL SHOWED LARGE

AMOUNTS OF AGGREGATION FOF SHORT RUNNING TINES, AND IT IS
SUSSESTEL THAT THE ALUMINKUNM FIMP HOUSING IS AIDING THE PROCESS. IT
IS NOTED THAT THIS OIL HAS BEEN POUND TO DETONATE WITH ALUHINUN
UNDER SHEAPING CONDITIONS. . RESULTS OF ANALYSIS JF WEAR METALS IN
THE OILS REND OF U4-38ALL WEAP TESTS APE ALSO PRESENTED.

-PERTINENT FIGURES~

TAB.1 WEKR NETAL ANALYSTS, PAGE 3//TAB.2 4-BALL WEAR TEST RBSULTS,
PAGE 4 . ‘ '

~-SOURCE INFORMATION-

CORPORATE SOURCE - o
NATIONAL AERONAUTICS.. AND SPACE ADMINISTRATION. JIBRN F.
KENNEDY SPACE CENTER, COZ0A BEACH, PLA.
REPORT NUMBER - :
AD-893511
OTHZR I NFORMATION ~
0GOS PAGBS, CCCC PIGURES, 0002 TABLES, 00070 REPERENCES
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keys 15631 through 15633

THE DETERHINATION OF HYLFOCARBON TRACES IN ATMOSPHERIC AIR
AND LIQUID OXYGEN

by
THEER,J.
02/27/63
SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL.
U/Unrestricted NTIS Suamary Good /Excel.
-ABSTRACT-

FOR A LONG TIME A  RAPID METHOD OF DETERMINING TRACES OF
HYDROCARBONS IN THE AIR SOCKED . INTO AND THE LIQUID OXYGEN PRODUCT
OF AIR SEPARATION PLANTS HAS BEEN SOUGHT. THIS IS NEEDED TO AVOID
DANGERS OF EXPLISIONS DUE TO THE ACCUMULATION OP HYDROCARBONS
ZSPECIALLY ACETYLENE. THIS PAPER DESCRIBES A GAS CHROMA TOGRAPH
WITH A MICROFLAME TIONIZATION DETECTOR. A 10 ML SAMPLE CAN BE
PROCESSED IN S MINUTES WITH A SENSITIVITY OF 5 PAPTS PER MILLION
AND IN 15 MINUTES A SENSITIVITY OF 10 PARTS PER BILLION CAN BE
ACHIEVED. THE SAYPLER ANLC INSTRUMENT HAVE BEEN TESTED IN
CONTINUOUS JPEPATION.

~PERTINENT FIGURES-

‘TAB.P.6 HYDROCARBON CONTENT OF ATMOSPHERIC AIR PROM VYARIOUS
"REGIONS oF GEFMAN DENOCRATIC REPUBLIC//FIG.] HYDROCABBON
<HROMATOGRAMN FOR LIOQUID OXYGEN, PAGE 7//FIG.4 CONCENTRLIION
APPARATUS FOR HYDRCCARBONS FROM ATMOSPHERIC AIR, PAGE 8//FIG.S
HY DROCARBON CHROMATOGRAM FOR ATMOSPHERIC AIR, PAGE 7

-BIBLIOGRA.PH Y~

SCHUSTER. GASFORMIGE = ERENNSTOFZE, VOL° 2//HOLZHAUSER,H.,
GASCHRNOMATOGRAPHIE 1959, MATERIAL ZUN 2. SYMPOSIUN UBER
GASCHROMATOGRAPHIE IN BOHLEBN 1959, P. 143//HARLEY,J., NATURE 181,
178 (1958)//KAISER,R., GASCHFOMATOGRAPHIE LEIPZIG 1960, P.
97//DESTY,D.H., GASCHRONMATOGRAPHIE, LONDON - 1958, P. w277
?RENZEL,J., GASCHRCMATOGBAPHIE 1959, MATERIAL 2Z0M 2, SYHPOSIUM
UBER GASCHROMATOGRAPHIE IF BOHLEN 1959, P. 109 '

-SOURCE INFORMATION-

<ORPORATE SOURCE -

INSTITOUTE FIR CHEMICAL AND REFRIGERATING EQUIPHENT, DRES DEN,
EAST GERMANY
REPORT NUMBER -

- ' 86
ORIGIMNAL PAGE IS :
OF POOR QUALITY
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N6U=-22627//FTD~TT-62-1665//2D-401389

" JOURNAL PROCEEDINGS =~

CHEM. TECH. (LEIPZIG), NO. 3, 164-7 (1962) (TRANSL.
FOREIGN TECHNOLOGY DIV., WRIGHT-PATTERSON AFB, OHIO)
OTHER I NFORMATICN -~

0011 PAGES, 000€ PIGURES, (001 TABLES, 0006 REFERENCES

87

BY




keys 16593 through 16595

COMPOSITION CHANGES IN LIQUID OXYGEN AS A RESULT OF
EVAPORATION AND RELATION TO ZUEL-CSLL OPERATION -

by

EASTER,R.W.

01/00/73
SACURITY CLASS aCCESS LEVZL REPORT CLASS ENTRY EVAL.
J/Unrestricted NTIS . SuGmary Acceptable
-ABSTRACT-

EVAPORATION OF LINUID OXYGEN LEADS TO CHANGES IN COMPOSITION
BBECAUSE OF DIFFERENCES BETWEEN THE VOLATIBILITY OF OXYGEN AND THE
VOLATIBILITY OF IMPURITIES. AN EXPRESSION IS PRESENTED NHICTH MAY
BE USED TO ESTIMATE CHAEGES-: I¥-TORPOSITION.AS A CONSEQIENCE OF
SVAPORATION DYRING THE STORAGE OP LIQUID OXYGEN. THE SENSITIVITY
Jf FUBL-CELL SYSTZMS TO SUCH CHANGES IS DISCUSSED, AND SAMPLE
SALZULATIONS ARE PRESENTED. SASPLE CALCULATIONS ARE CARRIED OUT
POR PROPELLANT GRADZS LIQUID OXTGEN, ABD THZ LIKELIHOOD AND EFFECT
OFP ZOMPOSITION CHANGES IN REFEFENCE TO FUZL CELL SYSTEM OPERATION
ARE DISCOSSED. THE SPEZIFIC IFPURITIES INCLUDE CARBON DIOXIDE,
METYANE, KRYPTON, NITROGEN AND ARGOY. THE AUTHORS CONCLUDE THE
OBVIONS ~ THAT LIDOID WITHDRAWAL IS BEST AND THIS POINTS TO
SUPZRCRITICAL STORARE.

-PERT INENT -FISURES~

TAB.I INITIAL LIQUID-OXYGEN .IMPOPITY LEVELS ISED IN SAMPLE
CALCUIATIONS, PAGE 13//TAB.VIII EXPRESSIONS USED IN CASE 3
CALCULATIONS, -PAGE 14//TAB.IX LIOUID-OXYGEN STIRACZ MODES, PAGE
15//F1G.2 CONCENTRATION ZHANGES IN PROPELLANT~-GRADE LIQUID OXYGEN
AS CONSEQUENCE OF EVAPOFRATION, P23E 16// "FIG.3 CONCENTRATION
<HANGES IN PPIPELLANT-GRADE LIQUID OXYGEN AS CONSEQIENCE OFP
SVYAPORATION (3 ATMOSPHERES FEREISSUPE), PAGE 17//PIG.4 WITHDRAWAL
PROPILE FOR 'CASE 3, PAGE 18 ' .

~BI3LIOSPAPAY~

ANON. OXYGEN, SPECIFICATICN FOR SPEC. 399A, NASA NARSHALL SPACE
PLISHT © CENTER, JULY 1967//HCDGES,R.J. AND BURCH,R.J., THE
Z2QUILIBRION DISTRIBUTION OP METEANE BETWEEN THE LIOUID AND VAPCUR
P4ASES OF OXYGZIN. CRYOGENICS, VOL 7, NO. 2, &APR. 1967, PP.
112-113//HARNENS,A., VAPODR-LIQUID =2QCILIBRIUM N(2)-AR-0(2) FPOR
LOWER ARGON CONCENTRATIONS. CRYOGEKICS, VOL 10, NJ. S, O3T. (970,
PP. 406-409//STEWART,R.B., HUST,J.3. AND MCCARTY,R.D., INTERIN
THERMODYNANIC - PROPERTIES FPOR  3ASZ20US AND LIQUID OXYGEZN AT
TS APERATGRES ZROM 55 TO 300 K AKD PEESSURES TD 300 ATM. REP. 7922,
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HATIONAL 30REAU OF STANDARDS {(NASA CR-55332), olrT. 1,
1963//THALLER,L.H., POST,R.E. AND EASTER,R.W., EPFPECTS OF CARBON
DIOXIDZ ON TRAPPZED ELECTROLYTE, HYDROGEN-XOYGEN, ALKALINE FUEL
SBLLS. PRESENTED AT THE 5TH INTERSOCIETY ENERGY CONVERSION
ENGINEERING CONFEZRENCE, LAS VEGAS, NEV., SEP. 21-25,
1970//BEASTER,R.W., THE GAS. PHASE IN¥ POROUS PUEL-CELL ELECTRODES.
NASA TN D-6168, 19N ’

-SOUORCE INPORMATION-

ZORPORATE SOURCE -
NATIONAL AERONAOTICS AND SPACZ ADMINISTRATION. LEWIS RES EARCH
CENTER, CLEVELAND, OHIC
REPOPT NUMBER -
N73-18056//NASA-TMX-2686
OT HER INFOFMATION -
¢022 PAGES, 0006 FIGURES, N002.TABLES. Q010 REPERENCES
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keys 16658 through 16698
HAZARDS OF CRYOGENIC SYSTEANS (LXKS* PART 1 0P 3.)
by

VAN DYKE,B.H.

07/00/59
SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL.
U/Uncrestrictad Unlimited Summary Good/Excel.
-ABSTRACT-

THE VAST GROWTH OF INDUSTRIES PFIDUCIEG-CRYOGENIC-FLUXIDS 9YITH THE
ATTENDANT MORE COMPLEX PROCESSING SYSTENS IS CITED. THE IMPORTANCE
OF ACCURATE ANALYSIS FOR, AND MINIMIZING OF CONTAMINANTS IN FUEL
AND OXIDIZER PROCESS STREAMS IS STRESSED. APPROXIMATELY 15
OLFPERENT ACCIDENTS JN HYLCROGEN AND OXYGEN SYSTEMS, AND AIR
SEPARATION PLANTS AFE BRIE?LY REPORTED. A BRIEF aNALYISIS FOR THE
POSSIBLE CAUSES OF EACH IS GIVEN. THE VARIOUS ACCIDEZNTS CITED WERE
BELIEVED CAUSED BY BRITTLE FRACTURE OF METALS, OIL OR.CIL VAPORS
BIXED WITd OXYGEWN ENRICHED ATMOSPHERES, CINTAMINANTS AND
CONTAMINANT CONCENTRATIONS IN HISH PRESSURE OXYGEM SYSTENS,
SHMOKING IN OXYGEN ENRICHEL ATMOSPHERES, POOR OPERATING PROCEDURES,
AND VALVE ACTUATION IN HIGH PREZSSURE OXYGEN SYSTEMS. EACH ACCIDENT
IS ONLY BRIEFLY EXPLAINED ALCNG WITH THE POSSIBLE <CAUSES OF EACH,
BUT THE MOFE PREVALENT CAUSES OF ACCIDENTS IN OXYGEN AND HYDROGEN
SYSTEMS APRE CLEARLY FOINTED OHT. . ’

-SOURCE INFORMATION-'

CORPORATE SDOURCE -
AIR PFODUCTS ANL CHEMICALS, INC., ALLENTOWN, PA.

JOURNAL PROCEEDINGS - ’
CRYOG. SAFETY CONP., EPOC. OF, . SESSION 1, 13-22, ALLENTOWN,
PA., JUL 1959 A

PUSLISHER -
AIR PRODUCTS, INC., ALLENTONN, PA,

OTHER INFORMATION - ’ :
0010 PAGES, 0019 PIGURES, 0000 TABLES, 0000 REPERENCES

90

A A N vty At o e e b i S A o, Y = Syt




3

d
e

AR Y Yo B AN O

1 R N

Ty

L T

R T R

T,

o AT i ‘;,t: o]

soenn

P i o v

P
e

L

Y
TR

5 g

keys 8235 through 8206

INTESTIGATICON OF REACTIVIFY OF LAUNTH VEHICLS MATERIALS
WITY LIDUID OXYSZE, DUARITERLY REPORT NO. 3/ OJT 23, 1968 TO
' JAN 22, 1969

hy

wILL,T.
CHAMBEFLAIN, D.L.
SIRINGHAN,R.S.

OF PUOR QUALITY TIEIN, Y2,

N2712/68
32 CHURITY CLASS ACCESS LEVEL FTPORT CLASS ENTRY EVAL.
J/Uncesrrict o4 WI IS o _,,I,x;,_c;r_emen'_:gl B Good/Excel.

“aB8TRALT-

a SELEITED GFOUD DT DRAANIC CCYPAUNDS WERE IMFACT TESTED WITH THE
A3ML LINP-NIGHT TIRTER TUsIdG THIS  FEPORT PERIOD. ATTEMPIS WERE
4402 TO CCFRELATT TH: IMPATT STNSITIVITIES 3F THESE COKPOUNDS WITH
THETE 9PLYSICAL PROPEPTICS a¥D  JHEMICAL STRUCTORE. IN SOME
INSTANSTS  3Y86G0UPS  GF WG¥POWADS THAT ARE RELATED 3Y THEIR
CHEMIC4AL STROCTE:Z BRV: SXPISITES 3ZNSITIVITIAS CORRELATING WITH
TAEL® JLa3M FOINTS. (MY¥ICAL 537 FUCTURE HAS ALSO BEEN SHOWN TO BE A
£aCTOF TE I#PACT SINSITIVITY. THE IMPACT SENSITIVITIES OF JCOKENE,
fOLUENE, AXD T-&ITYLBENZEFE  PRE IN THZ SAME ORDER - 1S . THETR
ABACTIVITIZZ T3WL®, D2E30XY RLDICALS 1N OXIDATION. A FEW OF THE
SUMPONNDE THAT  WEET INPALT TESTZD “EPZ IGNITZD BY THE HOT-WIRE
AETHOD, ANQI MINIMUM IGNIIION TEMPLZRATURLS AND IGNITION-DELAY T IMES
igFE  YUPSUETRS.  THE  POT-4IRT SENSITIVITY OJF CZOMPOUNDS WITHIN
SSETATY VI SEQUPS  WLAE AGAIN FOUND D0 CORRELATE WITH THE EASE OF
YUT-WIRT IGHITICYN, FURTHFIMCRE, HOT=4IF: DATA PPPEAR TO ASREE WITH
IMPACT R&Ti. T®D PITLIMINAFY FYPEOTMENTS LEADPING TO THI USE OF
HIGH=-SPYiD FEHOTCHRAFHY FCX THE 370LY OF IMPACT-INDHCED ISNITION
YLCHAY ISKS WERE PURTQSMED, :

-DLRTILENT FISUPES=-
2ab.1 LFPACT SENSITIVITY 9IRSU3  PHYSICAL FROPZPTIES ZOR  PURE
JEGANTIC COMPOUNDT, PLGEZ 6//TA3.2 COMPAPISON OF IMPACT AND HIT-WIPE
SENSITIVITY LaTh, PAGZ Y//TA3.3 FEACTION OF OYYGEN WITH ME(6)AL(2)
IN SF2)CI 2y, PARI 13 :

-EIALIOSFAPYHY -
f.P. FOWLEN ANUD H.D. YOZFY, INITIATICN AND GROFTH OF EfPiﬂSIVES IN
LIQIIDS FND SOLILS, CAMBFILEZ UNIVER3ITY PRESS, 1952//J.A. HOWARD,
i.J. SIhiwal¥, AND K.U.,  INGCLDT, ADV, IN  CHEN, SER., 75, 20

———————— ‘- B e T W



(1968) //QUARTERLY PEOGRESS REPORT NO. 2, INVESTIG2ATION oF
REZSACTIVITY OF LAOUNCH VEHICLE MATERIALS WITH LIDUID OXYGZIN, SRI
PROJECT PRU-7228, <CONTRACT NO. NAS8-21316, YOVIMBER 12, 1968//
R PORT  NO. 3, INVESTIGATICN CGF FKREACTIVITY O3F LAUNCH VEHICLE
MATERTALS WITH LIQWID OXYGEN, SRI FROJECT PRO 7223, CCNTRACT NO.
NAS3-21316, SEPTENB3F 12, 1968//A.G. DA&AVIES AND B.P. ROBERT3, J.
cHEM. SOC. (B), 1074 (19€38)y//3.A. HOWARD, K.U. INGOLD, ' AND M.
SYMONLS, CEN, J. CHEM., 4o, 1017 (1968y//L. HORNER AND W.
JURGELEIT, ANN, CHEM., 591, 138 (1955)

~S0URPCT INFOFMATI ON-

ZORPOP:™: CATEZ. -
. STENTORL PTIULARUM INST., “TNLO PiFK, CALIE.

REPORT MUMBPLP - '
N6Y=-253C2//Na33-2R~9C423

3PONSOR - e
NATIONAL ASFOMAUTICS AND SPACE AOMINISTRATION. MARSTALL SPACE
FL{GHT CZNT:F, HHUNITSYILLE, ALA.

CORTHACT NUMBEF =
IONTRACT NASB=-2131h

JTHER THFOSMATION = _
NN29 PaGZS, MO0k FIGHRES, 0005 TAFLIS, 0N07 REFERENCES
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keys 262 through 268
FIRE AND EBIPLOSICY¥ HAZARIS OF FLIGHT VEHICLE COMBUSTIBLES
by

LITCHPIELD,E.L.
PERLFE, B. E.

03/60/65
ECURITY CLASS ACZESS LEVEL RZPORT CLASS ENTRY EVAL.
/unrestricted NTIS ) Incramental Good/Excel.
-ABSTRACT-

EVERE EXPLOSION HAZARDS COULD RESULT PROM A MNASSIVE SPILL OF

ON-HYPEZFGOLIC FUEL AND OXIDIZZP OF A HNISSILE PRIPULSIOR .3¥STRHR, < --

#HIS PROBLEX WIOLD 3% ESPECIALLY SEVERE WITH THE HIGH-ENERGY
,YSTEMS WHERE ONE CR 30TH OF THE PROPELLANT COMPONENTS ARPE
'RYOGENS, THE SENSITIVITY OFf TWO SUCH SYSTENMS, LIQUID HYDROGEN
'LUS SOLID OXYGEN PLUS DILUENT AND LIOUID DJXYGEN PLOS SOLID
[Y DROCARBON PLUS DILPUENT, HAS BEEN INVESTIGATED ENPLOYING A
)ROJECTILE IMPACT TO DETERMINE TH® SHOCK REQUIRED TO DETONATE
‘HESE M®IXTURES. WITH NO DILUENT, EACH EXPLOSIVE SYSTER IS
'NITLATED BY A SHOCK STIMULOS OF 1.0 TO 2.5 KBAR.  THE EXPLOSIVE .
"IELDS ARE SUCH THAT 1-LB CRYOGENIZ HIXTURE IS EQUIVALENT TO 0.6
"0 2.0 LB TNT. SODIUM CHLORIDE, NITKOGEIN, AND METEYL CHLORIDE: HAD
INERT DESENSITIZING EFFFCTS UPON THE LIOUID HYDROGEXN MIXTURSS .BOT.
)ID NOT KEUUCE THE EXPLOSIVE YIELD. 3SODIUM CHLORIDE --AKD NITRGGEN -
)ESENSITIZED THE LIQUID OXYGEN SYSTEM, SODIUM CHLORIDE OR HATER
lEDUCED THE EXPLOSIVE YIELD OF THIS SYSTEN. LARGE VOLUMNES- OF
JETONABLE, GASEIUS HYDROGEN-OXYGEN HIXTURES WOULD RESULr FPROM A

IASSIVE SPILL OF LIQUID HYDROGEN-LIQUID OXYGEN., INHIBITION oOF

JaFONATION INITIATION BY . DRY POWDER PARTICLE ADDITIVEBS WAS
.NVESTIGATLD. THE POWDER ADDITIVES PRODIUICED INSIGNIPICART
MHIBITION IN CONPARISON TO THAT PRODUCED BY GASBOUS DILGENTS.

'"LAMMABILITY LINIT T[ETERMINATIONS OF FOUR ADDITIDNAL HALOGENATRD ~

If DROCARBONS ARE INCLUDED IN A DISCOUSSION OF THE CHARACTERISTICS
? 10 SUCH CONPOUNDS, HNOST OF THE COMPOUNDS WERE PLAMMABLE IN
XYGEN ATNISPHBRES AT TEMPERATURES BELOW 200 DEGREBS F, THEIR
‘OBBUSTION PRODUCTS INCLUDED TOXIC HALOGENS DR HALDGEN HALIDPS.: -

-PERTINENT FIGUPES-

iG. 1 TYPYICAL PRESSUFE HISTORY RECORD OBTAINED DURING COHBUSTidN

? 50 VCLUME PERCENT CF(2)3R(2) 1IN AN OXYGEN ATMOSPHERE 1IN A
-POOT DIAMBTER SPHERE, PAGE 23//FIG.2 APPARATUS USED T0 YEA SURE
AXINUY EXPLOSION PRESSURES DURING COMBUSTION OF CONPINED GAS
IXTURES, PAGE 24//TAB.1 PROJECTILE IHPACT SENSITIVITY OF LH (2)
LUS O0(2) PLUS DILWENT, PAGF 5//TAB.2  PROJECTILE IHPACT
ENSITIVITY OF LO(2) PLGS SOLID HYDROCARBON PLUS DILUENT, PAGE
//TAB.3 EININOM AUTOIGNITION TEMPERATURES (DESREE ¥) (2) OF

94 -




.
© st e i 1

HALDGENATED HYDROCAPBONS 1IN VARIOQUS OYXIDANT ATHMOSPHERES AT
ATHOSPHZRIC PRESSURE IN A 250-CC GLASS VESSEL, PAGE 14//TAB.U
YIELD OF CARBON DIOXIDE 1IN AN OXYGEN ATMOSPHERE AT VARIOUS
TEMPERATUBES PO A REACTION PERIOD OF ONE MINUTE IN A GLASS
VESSEL, PAGE 16//TAB.S LINITS OF FLAMHMABILITY OP VARIOUS
HALOGENATED HYDROCARBONS (VOLUME PERCENT) IN GLASS AND STAINLESS
STEEL, PAGE 16//TAB.6 LINITS OF FLANMABILITY 0F VARIOUS
HaLOGENATED HYDROCARBONS (VOLUME PERCENT) 1IN AIR, OXIGZIN AND
NITEOGEN TCETROXIDE ATMOSPHERES 1IN GLASS VESSELS, PAGE 17 //TAB.7
MAX TMUN PRESSURES, RATES or PRESSURE RISE AND BROMINE
ZONCENTRATIONS DEVZLOPED DOURING COMBUSTION OJF FIVE HALOSENATED
HY DROCAREONS IN OXYGEN AND AIR ATMOSPHERES, PAGE 18.

-BIBLIOGPAPHY-

PERLEE, HENRY E., SLTON L. LITCHFIELD, AND MITHAEL G. ZABETAKIS.
REVIEW OF FIRE AND EXPLOSION HAZARDS - JF FLIGET-- < YBHIZLE - --
COMBUSTIBLES. ASD TECHNIZAL REPORT 61-278, SUPPLEMENT 3, JUNE
1964, AEFONAUTICAL SYSTENS DIVISION, WRIGHT-PATTERSON AIR FORCE
BASE, OHIO//AMERICAN INSTITOTE OF PHYSICS HANDBOOK. 2ND ED.,
MZGRAW-HILL BOOK CO., INC., NEY YORK, N. Y., 1963, PP, 4~201 AND -
3~T7//7HANDBIIK D7 CHEMISTRY AND PHYSICS. 41ST ED., CHENICAL RUBBER \
PUBLISHING CO., CLEVELAND, OHIC 1959, P. 618//PROCEEDINGS OF THE :
VIITH INTEFNATIONAL CONFP2PENCE ON LOW TEHKPERATURE PHYSICS. EDIFED

83Y G. M, GRAHAM AND A. C. H. HALLETT, UNIVERSITY OJF TORONTO
PRESS, 1961, P. 671// KINNEY, G. F. EXPLOSIVE SHOCKS IN AZIR,
BACMILLAN CO,, NE¥ YORK, N. Y., 1962, CHAPTER 6, PP. 89-100//200%, :
M. A, EXELDOSION HAZARDS IN PROPELLANTS. CHAPTER 13 IN CRYOGENICS i
TECHNOLOGY. EDITED BY R. W¥. VANCS, UNIVERSITY OFP  CARLIFORWIA '
SNGINEERING AND PHYSICAL SCIENZES axrvNSIon SERIES, JOHNW YILEY AND
SOMS, INC., .NEW YORK, N. Y., 1963, P. 420//INTERNATIONAL CRITICAL = °
TABLES OF NUMERICAL DaTA, PHYSICS, CHEHRISTRY AND TECHHOLOGY. VoL,
3, 1928, P. 2877 STUDY OF DETONATION INDHITION 1IN SOLID
PROPELLANTS B3Y LIDUID PROPELUANT 'EXPLOSIONS. HONTHLY PROGRESS
REPORT ON CONTRACT NAS 8-11043, REPORT NJ. 0797-01(12)%P/J0LY
1964, AERDJET GENERAL CORPORATION, DOWUNEY, CALIFOPNIA//
LITCHFIELD, ELTON L,, MARILYN H. H2?Y, AND DAVIL R. PORSHEY. DIRECT
INITIATICN OF FREELY EXPANDING GASEOUS DETINATION WAVES. 9TH
SYNPOSIUM (INTERNATIONAL) ON COMBUSTION. ACADEMIA PRESS, INC., NEW
YORK, N. Y., 1963, pPP. 282-285//GREEN, H., L., AND W. R. LANE.
PARTICULATE CLOJDS, DUSTS, SMOKES, AND MISTS. E AND FN SPON, LTD.,
LONDON, 1957, PP, 12§_1§§.A_mn“

- SOURCE IN:ORHATION'

[P

L T AT

-ORPORATE SOURCE -

BUREAU DF MINES, PITTSBURSH, PA. EXPLOSIVES RESEARCH CENTER
REPORT NUMBER -

N66-17589//AFAPL-TR=65-28//AD-614694
SPONSOR -
AIR POPCE AERPO-PROPOUOLSION LAB., BRIGHT PATTERSON AFB, OHIO
CONTRACT NUMBER -
ORDER 33(615) 64~ 1007
OTHER I NFORMATION -
003C PAGES, 0002 FIGURES, 0007 TABLES, 0016 REPERENCES
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keys 369 through 377
SAFETY JF MATERIALS IN CONTACT WITH LIQUID OXYGEN
by

KELLER,E.E.

ol

02721757
SECURITY CLASS ACCESS LEVEL FEPORT CLASS ENTRY EVAL. . ;
U/0Other Govt, /Contr. Increnental Good/Excel. - p
3

~ABSTRACT-

TEST METHOD AND APPARATUS AND TEST PRESULTS OF INMPACT SENSITIVITY
OF VARIOCUS MATERIALS IN LIQUID OXYGEN ARE PRESENTED. ALSO
PRESENTED ARE AN ABSTRACT OF A PAPER ON BEHAVIOR OF LIQUID OXYGEN
AND A LITERATURE SURVEY OF REACTIONS OF ORGANIC MATERIALS WITH
LIQUID OXYGEN. CONCLUSION IS THAT NOST REDUCING AGENTS AKD
HY DROCARBO¥S IN CONTACT WITH LIQUID OXYGEN CONSTITUTE A POTENTIAL -
EXPLOSIVY HAZARD. ’ :

~PERTINENT FIGURES- ) ;

DEAWING IXPACT TESTER PAGES 17-26//TABLE 1 IMPACT SENSITIVITY OF
MATERIALS IN CONTACT HITH LIQUID OXYGEN PAGES 6~13//TABLE 2 EFFECT

Of IMPACT ENERGY ON SENSITIVITY PAGE 11//TABLE 3 EPFECT OF IHPACT 4
"EMERGY OX SENSITIVITY PAGE 12 //TABLE 4 IHWPACT SENSITIVITY OF
MATERYALS IN CONTARCT WITH LIQUID OXYGEN PAGE 12(A)

~BIBLIOGRAPHY~

BEHAVIOR OF LIDUID OJXYGEN, BY B. W. BALTS, GENERAL ELECTRIC
COMPANY, REPORT 4S5783//BERGER, H., CHEMICAL ABSTRACTS VCL 35, P.
5704 //BUFBO, P. 2. CHEMICAL ABSTRACTS VOL 38, P. 865/, LAUDE, G.,
CHEMICAL ABSTRACTS VOL 29, P.  8334// CLAUDE, G., CHEMICAL
AbSTRACTS VOL 29, P. 5274//HOWAFD, H. F., ET AL. U. S. BUREAU OF
MINES BULLETIN 503 (1952) //COX, ANNA, ET AL. JOURKAL OF PHYSICAL
AND COLLOID CHEMISTRY. (1950) PP. 665-70//DANCKWORT, P. N.,.
CHEM ICAL ABSTRACTS VOL 22, P. 687//DENUES, A. R. T. CHEHICAL
A3STRACTS VOL 35, P. 163u//CIPLOCK, D. L., CHEMICAL ABSTRAZTS VOL
47, P. S686//FPASTOVSKXI, V. 5., ET AL. JOURNAL OF PHYSICAL
CHEMISTPY (USSR) VOL 15 (19u1) PP. 523-531// FPEDEROVA, M. P.,
JOURNAL OF PHYSTCAL CHEMISTRY (USSR) VOL 14  (1940) Ppp, 422-
426//HENGLEIN, F. A., CHERICAL ABSTRACTS VOL 20, P. 1716 //HOWELL,
s. P., U, S. BUREAU OP MINES, T2CHNICAL PAPER NJ. 29%
(1923) //HUKTER, M. A., JOURNAL OF PHYSICAL CHEMISTRY VOL 10,
(1906) FP. 330-360//ISHKIN, 1I. P., JOWRNAL OF PHYSICAL -HZMISTRY
(USSR} VoL 13 (1939) pPP. 1337-1339//HCCARTHY, L. V., CHEMICAL AND
CNGI NEERING NEWS VCOL 27 (1949) P, 2612//MITTAZH, A., ZHEMIZAL
ABSTRACTS V2L 20, P. 1716//NOMURA, Y., CHEMICAL ABSTRACTS VOL uu,
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keys 403 through 411
LIJUID OYXYSEN DISPGSAL VIZSSZ2L EXPLOSION
by

BOYNE,H.J.

00,/00/€6
SeZURITY CLASS ACCESS LEVEL FEPORT CLASS ERTRY EYAL.
U/Unrestricteld Unlinited Incremental . - QAcceptable
-ABSTRACT-

AN EXPLOSION OCZURRED IN THE LIOUID OXYGEN DISPOSAL VESSEL CF-AN &~ =77 “oun=.-m o oo

AIB SEPAFATION PLANT THAT WAS DESIGNED AND OPERATED IN SUCH A WAY
AS TO AVYOID ANY HAZARDOUS HYDROCARBON CONCENTRATIONS. A SLEED OF
LIQUID OXYGEN PROM THE REBOILER PREVENTS A BUILD-0OP OF INPURITY
CONCEZNTRATIONS IN THE LIQUIFIER. THE TRANSFER OF IMPURITIZS FROM A
HY DROCAREON CONTANINATED GASEONUS NITROGEN STREAN, EXISTING FROH A
RICH LIOQUID FfILTEFP UNDERGOING REGENERATION, TO LIDUID PHASE PURGE
OLYGEN WHILE THEY PLOWED CONCURRENTLY THROUGH THE PUORGZ PIPING TO
THE DISPOSAL TANK SUBSTANTIALLY INCPEASED TO A HYDROCARBON LEVEL
IN THE LIQCUID T) A HAZARDOQOS ZONDITION HHICH THEN ®AS PRESUMABLY
ISNITED AND DETONATED BY A STEAM HEATED VAPORIZATION TRAY IN THE
DISPOSAL UNIT. MODIFIZATIONS PREVINT THE REGENERATION GAS PROH
INTIMATELY CONTACTING THE PURGE LIQUID OXYGEN, THEREBY INHIBITING
ANY TRANSPER AND BUILDUP OF CONTAAIXANTS IN THE PURGE STREAM.

-PERTINENT FIGUPES-

#I15.1 SIMPLIFIED PROCESS FLOW DIAGRAM, PAGE 7//FIG.2 ENGINEERING
SKETCH OF THE LIDQUID OXYGEN DISPOSAL VESSEL, PAGE 8//FIG.6 TYPICAL

CONCENTRATION PROFILE ~rFfOR ACETYLEWZ, PAGE 10//TAB.1 HYDROCARBON -

ANALYSIS FOR PURGE LIQUID OXYGEN, PAGE 10

-SOURCE INFOFMATION-

CORPOFATE SOURCZ -
MONOCHEM, INC., GEISMAFR, LA.

JOQURNAL PROCEEDINGS -
SAFETY IN AIR AND .AMNCNIN PLANTS, VOL 4, 7-11 (PROC. OF
MINNEAPOLIS SYMP., FROM 57T A.I.CH.E. MNEETING, SEP 26-9,
1965)

PUBLISHEF -
AMEFICAN INSTITUTE OF CHEMICAL ENGINEERS, N.Y.

OT HER INFORMATION -
0005 PAGES, 0006 FIGURES, COO%Y TAELES, 0000 REPERENCES
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THZ RELATIONSHIP OF PHYSIZAL, CHEAICAL AND THERMODYNARIC
PFOPERTIES TO SAFETY

by

MCKINLEY, C.

11717770
SECUPITY CLASS ACCESS LEVEL REPORT CLASS ENTRY ZVAL.
U/0nrestricted Unlinited Summary Good/Excel.
-ABSTRACT-

SEVERAL TESTS WEPE CONDUCTED TO OBTAIN EXPERIMENTAL DATA ON THE =~ -7
" EXPLOSIVE AND DETONATION CHARAZTERISTICS OF HYDRICARBON - LIQUID

JDXYGEN MIXTORES. A LIDUID MIXTURE OF 25 MOLE PERCENT METHANE AND
75 40LZ PERCENT OXYGEW AT 76 K WAS GETONATED ¥ITH A DYNAMITE CAP
ro DETZRMINE I7 AN EXFLOSION COULD RESULT FROM CONDENS ATION AND
FRACTIONIZATION OF HYDROCARBONS AND AIR ON THE DJUTSIDE OF A ZOLD
PIPE, ANOTHER T2ST WAS CONDUCTED TO DETERMINE THE LONER EXPLOSIYE
LIBITS OF A 50 - 50 METHANE =~ ETHANE MIXTURE IN LIQUID OXY3EN. IT

WAS DETERMINED THAT THE LOWER EXPLOSIVE LINIT FOR THE MIXTUBE WAS
AGOUT 6.2 MOLE FERCENT. THE POSSIBILITY OF A RELATIONSHIP BETHREN
FHE EXPLOSIVE LIMITS OF GAS PHASE AND LIQUID PRASE CH(4) ~0(2}

MI XTORES WAS DISCUSSED. AN EXPERIMENTAL TEST WAS CONDUITED TG -

DETERMINE THE LOWER AND UPPZR EXPLOSION LIHITS OF METHAEE 1IN
LIQUID OXYGEN AT ~320 DEGREES F, AND THE TEST RESULTS INDICATED
THAT THESE LIMITS ARE 10.5 AND 59 MOLE PERCENT METHANE IN LIQUID
OXY32N. A TEST WAS CONLUCTED TO DETERHINE IF CONZTENTRATED
HY DROCARBON A CONTAMINATION IN SILICA GEL ADSCRBEKT COULD DEIONATE
IN LIQUID OXYGEN, MIXTURES OF 4 AND S MOLE PEFCENT ETHAKE IWN
LIQMID OXYGEN WZ3RZ DETONATED AT -320 DEGREES F. VARIOUS ASPECTS OF
THE EXPERIMENTAL TESTS WERE CISCUSSED. . .

-PERT INENT FIGURES~

TAb. ! GAS PHASE FLAMMAGLE LINMITS - CARBON ATON APPROXIFATION PAGE
81

- SOURCE INPORMATION-

-<ORPOFATE SOURCE -
AIR PRIDUCTS AND CHEMICALS, INZ., ALLENTOHN, PA.
JUURNAL PROCEEDINGS - )
CRYOG. SAFETY C2ONF., PROC. OFf., SERINAR NO. 3, 79-85,
ALLENTOWN, PA.,, JIL 1959
PUBLISHER -
AIR PRODUCIS, INC., ALLENTO¥N, PA,
OT HER INFOFMATION -~
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SAFETY ASPECTS O? RECONSTRUCTED ICI TONNAGE OXYGEN PLANT

by
MATTHEWS,W.D.
ORIi; OWZN,5.G.
OF ;(L):J){L PAGE IS . '
OR QUALITY 00/00/63
SECURITY CLASS ACCESS LEVEL "~ REPORT CLASS "ENTRY EVAL,
U/Unrestricted fnlimited Suymmary’ Good/Excel.
-~ ABSTRACT -

ON 21ST APRIL, 1959, A SERIOUS CXPLOSICN OCCURRED IN THE TONNAGE

OXYSEN PLANT AT THZ WORKS OF IMPERIAL CHEMICAL INDUSTRIES LIRITED e

AT BILLINGHAM-ON-TEES, ENGLAND, CURING THE COMMISSIONING
PROCEDURES. .THE EXPLOSION CAUSED THREZE DEATHS, AND EXTENSIVE
vAMAGE BOTH TO THE PLANT AND TO NEARBY FACILITIES. A COMPREHENSIVE
AND DZTAILED INVESTIGATION WAS UNDERTAKEN JOINTLY BY AIR PRODUCES
LTD. AND ICI, AND EXPERT ASSISTANCE W¥AS ALS3 PROVIDED FROM
INDEPFNDENT SOYRCES. WHILE THE INVESTIGATION CONCLUDED THAT THE
SONSTITUENTS OF THE EXPLOSIVE MATERIAL WZRE HYDRIOCARBON 0OIL FROH

THE LUBRICATING SYSTEM JF THE TURBO EXPANDERS AND LIQUID OXYGEN -

f?20M LEAKINSG PIPE JCINIS IN THE COLD BOX, A CRITICAL REAPPRALSAL
(IN THE LIGHT OF THE GROWING KNOWLEDGE OPF THE HAZARDS - ASSOCIATED
WITE AIF SEPARATICN PLANTS) 0OFf ALL ASPECTS JF PROTESS AND
cNGINEZRING TESIGN, PFABRICATION AND <¢RECTION, WHICH COJLD BE
REeGARDED IN ANY WAY AS B3EING POTENTIALLY HAZARDOUS, WAS UNDEBRTAKEN
8Y ICI AND APL PRIOR TO AND DOURING THE FERECONSTRUCTION OF THE
PLANT. AT THE S&ME TIME, AIR PRODUCTS LTD. INTRIODUCED CJERTAIN
IMPROVEMENTS PRELATING TO THE CYCLZ, THIS PAPEZR, HOWEVER, IS
CONPINED TO <CONSIDERATION ONLY OF THOSE CHANGES WHICH WERE
RZLEVANT TO SAFETY.

-PERTINENT FPIGURES~-

?IG.Y TFINAL DESIGN CF LOX .JOINT, PAGE 9//FIG.10 STRESS VARIATION
IN LOX FLANGE BOLTS DURING COOLING CYCLES, PAGE 9

-SOURCE INTOFMATION~-

COPPORATE SJOURCZS -
IMPERIAL CHEMICAL INDUSTRIES, LTD.,/BILLINGHAM /ENGLAND
JOURNAL PROCEEDINGS = :
SAFETY IN AIF AND AFMGNIA PLANT?S, VOL 5, 1-15 (PROC. O2F A
SYMF., AT D3NVZR, ZOLO, AUS 26-9, 1962)
PUBLISHER -
AMEBICAN INSTITUTZ OF CHERICAL ZHGINZERS, NEW YORK
OTHER INEORMATION - :
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THE ROLE OF AIR CONTAMINANTS IN FORMULATING DXYGEN PUANT
SAFETY PRINCIPILES

by
MCKINLEY,C.
OR : ) HIMMELBERGER,F.
OF SVAL PAGE I3 ' |
OR QUaLITY 03/00/57
3eCURITY CLASS LCCISS LEVEL PEPORT CLASS . ENTRY EVAL.
U/Unrestricted Inlimited Summary .Good/Excel.
-ABSTRACT-

THI3 ARTICLE TFEACES THE HISTORY OF THE DEVZLOPMENT OF AIR
SEPARATION PLANTS RELATIVE TO SAFETY FR)M EXPLOSIONS ODUE TO
CONTAMINANTS THAT REAST WITH OXYGEN. A TABLE OF ABOUT 25 ZORB4ON
CONTAMINANTS IN AN AIR PLANT SHOWS THE NORMAL BOILING AND FREEZ ING
POINTS. ANCTHEP TABLE SHOWING THE SOLUBILITY LIMITS OF HMOST OF
PHESE CONTAMINANTS IS ALSO GIVEN. THE EXPLOSION CHARACTERISTICS
AND FLAMMABILITY LIMITS OS5 SEVERAL OF THE CONTAMINANTS IN LIQUID
OXYSEN ARE DISCUSSED. METHODS OFf CONTAMINATION LEVEL CCKTROL OR
REMOVAL ARE MENTIONED. ALSO DISCUSSED ARE METHODS OF PREVENTING
EXPLOSIONS. EXPZRIMFENTAL EXPLOSION TEST DATA IS GIVEH#H., CONTINUGOS
4YDPOCARBCN ANALYSIS IS RECOMMENDZD. :

-PERTINENT FIGURES-

21G.1 METHANE-LIQUIL OXYGEN ~ PHASZ SYSTEHM, PAGE M/7/7FIG.2
STHANE~LIQUID OXYGEN PHASE SYSTEN, PASGE 11//F1G.3 EXPLOSION
TE STINS APPARATUS, PAGE 17// FIG.4 SCHEMATIC DIAGRAR 2F CONTINUOQUS
TOTAL HYDROCABBON ANALYZER, PAGE 15// FIG.6 SAMPLE STRIP CHART
FROM ANALYZER SHOWING OPERATING CYCLE, PAGE 17// TAB.1 PROPERTIES
JF SOME AIP CONTAMINANTS, PASE 11//TAB.2 SOLUBILITY OF VAERIQUS
MATERIALS IN LIOUID OXYGEN, PAGE 11//TAB.3 GAS PHASE FLAMMABLE
LIMIT ~ CAF30N ATOM APPROXIMATION, PAGE 15//TAB.4 FLAMMABILITY AND
DETONABILITY LIMITS - GASES, PAGE 15//TAB.S EXPERIMENTAL EXPLOSION
TEST DATA, PAGE 14// TAS3.6 TYPE OF CONTAMINANT ANALYSES, PAGE 17

-BIBLIOGRAPHY-

WE3HOHEP, H., ADDITION OF NITFOGEN TETROXIDE TO OJOLEFINIC DOUBLE
BONDS, ERDOL .  KOHLE, u, 1-3 {1951 //SHUFPTAN, p
JRENNSTOFF-CHEN., 13, 107 (1932) //LEWIS, HAMILTON, INDUSTRIAL
EXPLOSIOY HAZARDS [ETECTION, <CHEM., ENGR. -PRIGR., 52. 509-18
(1956) //HILDEBPAND, J. H., AND P, L. SCOTT, THE SOLUBILITY OF
NONZLECTEGLYTES, 38D ED., REINHOLD, N. Y. (1950 //BCKOON AND EODY,
DETERMINATION DF ACETYLEINE IN LIOQOUID OXYGEN IN RECTIFYING COLUENS,
IND. ENG. CHEM., ANAL. ED., (FEB. 1946) //GRATCH, S., FINAL PREPORT
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0?7 LOV-TEKPERATURE PROPERTIES OF CO(2)~AIR MIXTURES BY MBANS OF
ONE-STAGE EXPERINZETS, OUNIV. OF P2UNSYLVANIA (1946) //BEATTY, R.
L., BULL. 557, 9. S. B3OR. OF MINES (1955)//SANDS, WAILWRIGHT AND
25BSOB, REPORT OP INVESTIGATION 4547, U. S. BUR. OF MNINES
(1949) //THONAS, ET AL., AUTOMATIZ APPARATUS FOR DETERMINATION OF
NITRIC OXIDE AND NITROGEN, ANAL. CBEM., 28. 1810 (1956)// THORP,
CLARK E., BIBLIDGRAPHY OF (OZONE TRCHNOLOGY, VOL, 1, ARMOUR
8L SEARCH FOUNDATION//BRANKAME, W., CONTRIBUTION TO THE ELUCIDArION
OF THE CAUSE OP EXPLCSIONS IN AIR-LIQUEPACTION PLANTS, CHEM. IND.,
3g. 81-84 (1914) // POLLITZER, ., CONCERNING BXPLCSIONS 1IN
AIR-LIQUEFYING AND RZCTIFYING APPARATUS, Z. ANGEW. CHEM., 36..
262-6 (1923) //PYLENAN, E., BEXPLOSIOXS IN LIQUID AIR RECTIFICAT ION
PLANT, J. SOC. CHEM. IND., 42. 37T-39T (1923, 42, 139T- 1427
(1932), CHEM. I¥D., 42. 114, 152 (1923)//BERGER, H., THE HAZARDS
ARISING IN WORKING WITH CCMEFRESSED AND LIQUID J)XYGEN, Z. KAMPR,
PLUSS. GASE, 37. 1-4, 13-20 (1942)//S™ _ZHEVSKII, I. I., THE PIGHT
ASAINST THE DANGER PROM ACETYLENE wRING THE OPERATION OF AIR
SEPARATING APPARATNSES, U.S.S.R. 2CaD. SCI., U.5.5.F. BULL. DEPT,
07 TBCH. SCI., 3, 51-62 (1939)//ISFHI4, I. P., AND P. Z. BURBD,
SOLUBILITY OF SOLID ACETYLENE AND CARBUX DIOXIDE IN LIQUTO OXYGEN,
NITROGEN, AND OXYGEN-NIT POGEN MIXTUORES, 'HOR. KHIM., 13. Y, 1337-9
(1939) //TSIN, N¥. M., SOLUBILITY OF ETHYLENE AND PROPYLENE IN
LIQUID NITROGEN AND LIQUID OXYGEN, ZHUE. FIZ. KHIN., 14, 3, 418-21
¢1940)y 7/ FEDDRDYA, ¥. F., THE SOLUBILITY OF ACETYLENE AND CARBON
vIOXIDE IN LIQUID NITROGEN AND LIOUIL OXYGEN, ZHUR. PIZ. KHIM. 14,
3, 422-6 (1940)// FASTOVSKII, V., G., AND I. A. KRESTINSKII, THE
SOLUBILITY OF SOLID METHANE 1IN LIQUID NITROGEN AND OXYGEN, ZHUR,
FIZ. KHI®. 15. 4, 525-31 (1941)//BURSO, P. 2., VAPOR DPRI3SURE OF
SOLID ACETYLENE, <2HUR. FIZ. KHIM. 18, 5-6, 253-7 (1944)//ISHKIN,
I. P., AND P. ©F. BURBO, THE DYNAMICS OF THE ADSORPFION OF
ACETYLENE FROM OXYGEN-NITROGEN SOLOTIONS BY SILICA G2L, ZHUR,
PRIKLAD. KHIM. 13. 7, 1022-7 (1940} //BURBO, P. Z., THE PROCESS OF
AZCUMOLATION OF ACETYLENE IN THE CONDENSERS OF AIR-RECTIPICATION
APPARATUS, ZHUR. TEKH. FIZ. 13. 3, 116-22". (1943) //ISHKIN, I. P.,
AND P. S. BURBO, METHOD FOR THE PREVENTION OP EXPLOSIONS IS
AIR-RECTIFICATION APPARATIS, KISLOROD 4, 5, 26-34 (1947) //20X, k.
L., AND T. DEVRIES, THE SCLUSILITY 0P SOLID ETHANE, ETHYLENE, AHD
PEOPYLENE IN LIQUID NITROGEN AND OXYGEN, J. PHYS. AND ZOLLOID
CHEM., S, 665-70 (1950)//NOMURA, Y., AND E. KANDA, S OME
EXPERIMENTS ON THE EXPLOSIVE REACTION BETWEEN LIQUIL OXYGEN AND
ACETYLENE., PRELIMINARY RESEARCH ON EXPLOSION OF LIQUID OXYGEN,
TOHOKU UNIV. SERIES A, 1. 33-5 (1949), ON THE EIXPLOSIONS O7F
AIR-RECTIFYING APPARATUS, TOHOKU UNIV. SERIES A, 2. 229-32 {1950),
O8N THE INITIAL STEP OF THE EXPLOSIVE REACTION BETWEEN O0ZONE AND
EFHYLENE AT LOV TEMPERATURES AND LOW PRESSURES, TOHOKU UNIV.
SERIES A, 2. 471-6 (195))//KERRY, F. <., SAFE DESIGN AND OPERATIOW
OP LOW-TEMPERATURE AIR SEPARATION PLANTS, CHEM. ENG. PROGR., 52.
4u41-7 (1956)// LATIMER AND HILDEBRAED, REPERENCE BJDK OF INORGANIC
CHEMISTRY, MACHMILLAN, N. Y., P. 199 (1940)//ERMENC, B. D., CHER.
EN3. PROGR., 52. Uu4B88-892 (1956)}// KINDER, KOLONNENEXPLOSIONEN BEI
DER SAUBPSTOFPGBWINNUNG, STAHL U. EISEN, 44, 1251 (1924)//PRIVATE
CONMUNICATIONS, NAMES OF SUPPLIERS -~ MADE AVAILABLE ON
REQUEST.//BERKMAN, S., J. C. MOPRELL, AND G. EGLOPP, CATALYSIS,
INORGANIC AND ORGANIC, REINHOLD, N. Y. (1940) //AIR PRODUCTS, INZ.,
RESEARCH LABORATORY//LEWIS, B., ABD G. VON ELBE, COMBUSTIOR,
PLAMES AND BEXPLOSICNS OFP GASES, ACADEMIC PRESS, INC., N. VY.
(1951) //DR. KARWAT, GES. F. LINDES EISHASCH., ORAL PRESENTATION AT
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A.I.CH.E. BEETING, BOSTON, HMASS. ({(DEC., 1956%//LEVY, 4., AND C. ¥,
SCAIFF, ADDITION OF DINITROGEN TETFOXIDZ IT DJLEFINS, I, JHaNM.
50C., 1093-6 (13u6)

-SOURCE INTORMATION-

CORPORATE SOURCE -
AIRN PRIDYICTS AND CHEMICALS, INC., ALLENTOWN, PA.
JOURNAL FRCCELDINGS - :
~HZM. ENG. PRO3. VvOL 53, NC. 3, 112-M-20-M, MAR 1957
(REPRINTED IN SAFETY IN AIF AND AMMONIA PLI!NTS, VOL 1, 10-9)
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INVESTIGATION OF REACTIVITY OF LAUNCH VEHICLE HMAT ERIALS
WITH LIQUID OXYGEN. FINAL PEPORT, 22 APk, 1968 - 18 APR.
1969.

by

MILL,T.
CHAM3ERLAIN,D.L.
STRINGHAM, R.S.
FIRSHEN,N.A.

ORIGINgY, AR IEWIN, K. C.
OF PooR qr7, E Is
ALY 05/16/69
CURITY CLASS AC:ESS LEVEL REPORT CLASS ENTRY EVAL.
Unrestrictai NTIS . summary Acceptable
-ABSTRACT-

E IMPACT SENSITIVITY OF ORGANIC COMPOUNDS IN LIQUID OXYGEN WAS
UDIZD TO DPEPINE THZ IGNITION MECHANISH IN LOX AND TO 2STABLISRH
E RELATIONSHIP BETW2EN SENSITIVITY AND CHENICAL AND PHYSICAL
OPERTIES. A MODIFIED AFMA LCROP-WEIGHT TESTER WAS USED TO 4EASORE
E TINPACT SENSITIVITY. POR 18 Cr THE 28 COMPOUNDS TESTED, &
SITIVE CORRELATION WAS FOUNL TO EXIST BETWEEN THE RELATIVE
NSITIVITY AND FLLSH POINTI. FIVE OTHER CONPOUNDS, REACTIVITY IR
TOXIDATION, THE FEBLATIVE REACTIVITY -OF T-BUTIXY AND T-BUTYL
ROXY HRADICALS TOWARD A VAPIFTY OF ORGANIC COHMPOUNDS AT 50

SREE3S AND 100 DEGRE®S C WAS EXAMIN:I'e A GOJ3D CORRELATIOR WAS

UND BETIWEEZN RRELATIVE REACTIVITY OF BOTH RADICALS TOYAED FIVE
DROCAREFONS, THE CZCRPELATICN FOR FOUF ALIPHATIC DERIVATIYZS HUAS
SS G0O. NO CORKRELATION WAS FOUND BETWELN REACTIVITY IN OXIDATIOW
D IMPACT SENSITIVITY FOR THE ALIPRATIC COMPOQUNDS TESTED.

~PERT INENT FIGURES-

G. 1 HOT-WIRE IGNITION APPARATUS PAGE 14//F1G.2 H)T-WIRE
PARATUS SCHEMATIC DIAGRA® PAGE 16//F1G.3 SAHPLE SUPPORT
PARATUS PAGE 17//PIG.UA NON-IGNITION (BLAKKK) PAGE 20//FP13.4B
NITION OF BEVZYL LCOHOL (NO. 1) PAGE 20//FiG.4C IGNITIOR OF
NZYL ALCOHOL (NO. 2) PAGE 20//FIG.S PLATINUM WIRE VS BRIDGE
TPUT PAGE 21//FIG.€ DROP-WBIGHT TESTER RODIFIED POR HIGH-SPEED
OTOGRAPHY PAGRE 24//PIG.7 CROSS SECTION OJOF ANVIL ASSEMBLY PAGE
//FIG.8 LEXAH ANVIL-CUOP PAGE 27//PIG.9 STILL PHOTOGRAPH OF
ACTION FLASH PAGE 28// FI1G.10 TRIGGERED TRACES JF REACTION PLASH
GE 30//FIG.10A IMPACT TRIGSERED TFACE PAGZ 30//PIG.10B LIGHT
ISGERED TRACE PAGE 30//FIG. 11 IMPACT IGNITION AND PROPAGATION OF
NZYL ALCOHOL IN LIQUID OXI{GEN PAGE 32//PIG.12 APPARALUS POR
W-TEMPERATURZ OXILATION OF ME(6)AL{2) PAGE UWY//PI5.13 NHE
ECIMRA  JOF RCACZTIUNS OF HME(6)RL(2) WITH 0(2) OF MEOH Al LOW
BPERATURE PAGE 52//TAB. I IMPACT SENSITIVITY Vs PHYSIZAL
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PROPERTIES FOR PURZ ORGANIC COMPOUNDS PAGE 6 //TAB.II EZ2PECTI OF
OIBROMOMETHANE ON IMPACT SENSITIVITIES 07 BENZENE AND CUMENE PAGE
13//TAB.IIXI FIXED TEMPERATURES FOR HOT~-WIRE CALIBRATION PAGE 18
//TAB.IV COMPARISON C? IMFACT AND HOT-WIRE SENSITIVITY DATA PAGE
22//TAB.V RELATIVE REACTIVITY OF ORGANIC COMPOUNDS TORARD
I-BUO(2). RADICALS IN DBENZENE PAGE 37//TAB.VI RELATIVE REAZTIVITY
Of ORGANIC COMPOUNDS TOWARD T-BWO. RADICAL A™ 100 DEGREES PAGE
42//TAB.VII RELATIVF REACTIVITY OF BENZYL DERIVATIVES TOWARD
'-8B10. FADICAL IN 3ENZENE AT 100 DEGREES PAGE U42// TAB.VIII
RCLAT YL PLACTIVITY CP ALIPHATIC COMPOUNDS TOWARD T-BUO. RADICAL
IN B.- .ENE PAGF 42//Ta3.IX AEACTION .OF OXYSEN WITH ME(6) AL(2) IN
S (2)TL(2) PAGE SC//TAB.X RFACTION 07 MNETHANOL WITH ME(6)AL(2) IN
cF(2)CL (2) PAGT S3// TAB.XI PHOTOLYSIS OF CF(3)N(2}CF(3) "IN
IJXYSEN-SATURATED SOLVENTS PAGE 58

-3IBRLIOGRAPH Y~

ANNUAL REPOPRT NO. 2, INVESTIGATION OF REACTIVITY DJF LAUNCH VEHIZLE
MATERIALS WITH LIDUID OXYGEN, SRI PROJECT 5567, AUGUST 31,
1967//F. P. BIOWDEN AND A. D. YOFFZ, INITIATION AND GROMTH OF
EXPLOSIVES IN LIOUIDS AND SOLIDS, CAMBRIDGE N¥IVERSITY PRESS,
1952/73. A. HOWARD, ET Al., aDV. IN CHEM. SER. 75, 6 (1968)7/C.
WALLIN3, FREE RADICALS IN SOLOUTION, JOHN WILEY COMPANY, NEW YORK,
1957, P. 457//S. 4. BENSON, J. AMER, CHFEN. SOC., 87, 972 (1965)//
J. E, THOMAS AND K, U, INGOLC, ADV. CHEM, SER., 75, 2SR (1968) /74,
A. PRYOR, FREZ RADICALS IN SOLUTION, MCGRAW HILL, 1966, P. 2ud//L.
WORNER AND ¥, JURGSLEIT, AMSR. CHE%., 591, 134 {1955)//C. WALLIKG
AND ©. PADWA, J. AMEPR. CHEM. SOC., 85, 1597 (196» //P. D.
3ARTLZTT, E. BENZING, AND R. £. PINCOCK, IBID., 32, 1762//P. GRAY,
. SHAH, AND J. J, THYNNE, PROG. REACTION KINETICS, 4, 63
(196N //73. H., T. BROOUK, TRANS. FARADAY SOC., 52, 329 (1957) //A.
I. SEABVSKII, ET AL., TRUIDY PO KHIS I KHIN. TECHNOL., 3, 373
{196G), CHEM. ABSTR., 57, 25430 (1961 //A. GROBLER ET AL., J.
URGANOMETAL. CHSM., 7, 3 (1667)//C. P. CULLIS, A. PISH, AND R. T.
POLLAFD, PROC. KOY. SOZ., A298, 64 (1967} //A. G. DAVIES AND B. P.
08ERTS, J. CHE%Y. SOC., (B) 1074 (1968)// A. W¥. LAUBERGAYZR AND W,
F. 3ILLIaM, J. AMER. CHERK, SOC., 63, 477 (1940 /7 V. A. GINSBURG
S~ AL., DOKL. AXAD. NAUK, SSSF, 149, 97 (1963), CHEM. ABSTR., 59,
5008 (1963) //T. MILL AND F. STRINGHAM, J. AMER. CHEM., .SO0Z., 90,
1062 (1968)//P. G. THOMPSON, IBID., 89, 4316 (1967).
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REACTION PRJOZESSES IN HISH-PRESSURE FLUIL SYSTEHNS FINAL
REFORT PANEL 7

by

CORNS,W. R,

05/00/70
SECUFITY CLASS ACZESS LEVEL REPGRT CLASS ENTRY EVAL.
1/Unrestricted Unlimited Summary Good/Excel,
~ABSTRACT-

THIS FEPCRT PPRESENTS THE RESULTS OF THE PHYSICAL, HETALLURGICAL,
CHEMICAL, AND THERMODYNAMIC SURVEYS THAT HAVE BEEN MADE ON THE
HIGH-PRESSURE TANK AND PLUMBING SYSTEMS OF THE APOLLO SFEACECRAFT.
THESE SYSTEHXS COMPRISE I'HE PRESSURIZEL OXYGEN, HYDROGEN, NITROGEN,
PROPELLANT, AND HELIUM TANKS AND RELATED PLUMBING OF THE COMMAND,
SERVICE, AND LUNARR MODULES. THE PURPO3SES OF THE SURVEYS ARE TO
LSND SUPPORT T) THE APOLLD 13 INVESTIGATION, TO PROVIDE REVIEW AND
TO EXTEMND KNOWLEDGE OF SPRTECRAFT PRESSURE SYSTENS, ANKD TO
CONTRIBUTE ‘T2 THE SAFETY OF FPUWTURE MANNED SPACE FLIGHIS. TO
ACHIEVE THZSE OBJECTIVES, DESCPRIPTIVE ODATA FI)R ALL TANEKS WERE
COLLECTED, A M2TALLURGIZAL SURVEY AND A COMPREHENSIVE PHYSICAL
CHENICAL SURVZIY OF ALL SYSTEMS WERE MADE, AND SOME DZTAILED
THERMODYNAMICAL CALZHLATIONS VESE PZRFORMED. THE OV ERALL
JESTHIPTIVE SUMRVEY OCOF THE HIGH-PRESSURE TANKS USED ON THE APOLLO
SPACECRAFT SYSTEMS, INZCLUDING A REVIEW OF THZ METALLURGY INVOLVED
- IN THEIR CONSTRUCTICHN, POINTED TO (1) THE IMPORTANCE OF A CRITICAL
EXAMINATION OF ANY INZOMPATIBILITIES IN “ATERIALS SELECTIONS AND
() THZ NEED POR PHYSIZAL CHEMISTFY AND CATALYSIS STOUDIES OF THE
REACTION PROCESSES INVOLVED IN HISH-PRZSSURE FLUID SYSTEMS. THE
RESULT IS A CRITICAL ASSESSMENT OF THE PHYSICAL AND CHEMICAL
PROCESSES THAT CAN OCZNR IN HISH-PRZISSURE FLUIDS AND AR ASS ESSHENT
OF THE2 HAZARDS AND POSSIBLE FAILURE MECHANISMS ASSOCIATED HWITH
CONTAINMENT 37 CRYOGENIC MATERIALS. PINDINGS BASED ON THESE
SURVEYS ARE TABULATEL IN THE REPORT. THE REPORT IS ZXCELLENT.

-PERTINENT FIGURES-

FIG.D=-1 NUMRER 2 OXYGEN TANK PFESSURE HISTORY, PAGE 90//71G.D=2
NJMBEF 2 OXYGEN TANK TSMPERATUPE HISTORY, PAGF 91//FIG. D-3 NUMBER
2 OXY32N TANK ENERGY HISTCAY, PAGE 92//F1G.D-9 ¢ZNERGY-ADDITION
3aTZ HISTORIES, PAGE 98// i '3.}=1 APOLLO PRFSSURE VESSELS, PAGES
7-11//TAE.A=-2 ANALYTICAL CRITERIA, PRESSTNRE, TEYPZRATURZ, FLOW,
AND ELEZCTRICAL DATA, PAGES 12-1u

~pIBLIGCSRAPHY~-
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STATENENT ODF WIRK FOR TESTING OF RLOCK II SPS PHKESSURANT AWD
PROPELLANT TANKS, PROJECT AFOLLO (1), REPT. <S1D 6S5-762a, NORTH
AMERICAN AVIATIOIN, INC., JUNE 25, M6eS//ZAPOLLE CIMRAND AN SERVICR

MODULE PFESSURE VESSLL CRITERIA SPECIFICATIONS. REPT. S3-v=0024,

Ns SA MANMED SPACECRAFT CENTER, OCT. 1968B// LUNAR MJODULE PRESSURE

VESSEL OPERATING CRITSRIA SPECIFICATIONS. REPT, SE=-V-0024, NASA
MANNED SPACECRAFT CENTER, oCT. 1968//H IHART,G.N ., ET AlL.,

COMPATIBILITY OF MATEBRIALS WITH 7500 PSI OXYGEW. REBPr. AD 6508260, .
LINDE DIVISION, UNION CAREICE CORP., OCT, 1964//XKEY,C.F., AND

RIEHL,¥.A., COMPATIBILITY OF HMATERIALS WITH LIQUID OXYGEN., NASA THM

Xx-985, AUG. 1364,/ KgZY,C.F., COMPATIBILITY OF MNATERIALS WITH

LIOUID OXYGEN, IV. NASA TM X-53773, AUG. 1968 '

~SONRCE INFOFMATION-

<ORPORATE SOURCE -
NATIONAL AERONAUTICS AND SPACE ADRINISTRATION. NANNED
SPACECRAFT CENTER, HCOSTON, TEX.

OTHER INTORMATION -
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INVESTIGATION OF REACTIVITY OF LAUNCH VEHICLE MATERIALS
¥ITH LIQUID OXYGEN QUARTERLY REPT. NO. 2, JUL 23 - OCT 22,
19628

by

MILL,T.
CHAMBERLAIN, D.L.
STRINGHAM,R.S.
"KIRSHEN,N.A.
IRWIN,K.C.

11/12/68
SECURITY CLASS ACCESS LEVEL PEPORT CLASS ENTRY EVAL.
U/Untestricted NT IS Incremental Acceptable
-ABSTRACT-

THIS PROGRAM HAS TWO MAJOP ASPECZTS. (A} STUDY OF THOSE PACTORS
AFPECTING THE IGNITION PRCCESSES AND (B) STUDY OF THE CHEMICAL
MECHANISMS OF FREE FADICAL FrORMATION AND OXIDATION OF SELECTED
ORGANIC MATERIALS. DURING THIS QUARTER, MOST OF THE EFFORT ON THEZ
FLRST ASPECT OF THE FROGRAM WAS DEVOTED TO MEASUSEMENTS OF IMPACT
SENSITIVITY DP SEVEFAL HOMOLO30US SERIES OF OHGANIC COXPOUHDS
INCLUDING AROMATICS, NORMAL AND CYCLOALKANES, AND ISOPROPYL
DeRIVATIVES. SO*~ CORRELATIONS BETWEEN INMPACE SENSITIVITY AND
PHYSICAL PROPEETIES HAVE BEEN NOTED. CALIBRATION )P THE HOT-HIRE
APPARATUS HAS BEEN COMPLETED. IN THE SECOND PARY OF THE PROGRAH,
WORK HAS CONTINIED ON THE REACTION OF OXYGEN WITH

TRINETHYLALUMINUM AT =140 DEGREES. KINETIC DATA INDICATE THE

REACTION IS BIMOLECHULAR AMND EXYCFPTIONALLY FAST. REACTIONS OF
T-BUTOXY RADICAL WITH B8sNZYL AND ISOPROPYL COMPOUNDS REVEALED SORE
SURPRISING REACTIVITY RELATIONSHIPS. BUT NJ) CLEAR EVIDENCE HAS
JDSTAINED. FOR ZORRELATIONS WITH IMPACT SENSITIVITY HEASUREMENTS.

-PERTINENT FIGURES-

PI5.7 SAMPLE SUFPORT APPARATUS, PAGE 3//PIG.2 BRIDGE OUTPUT VERSUS
PLATINUM WIRE TEMPERATURE, PAGE 12//FIG.3 HIT WIRZ IGNITION OF
pbeNZYL ALCOHOL, PAGE 14//TAB.1 INITIAL SCREENING TESTS FOFR PURE
ORGANIZ COMPOUINDS, PASE S//TAB.2 IMPACT TESTS OF P2UR PURE ORGABIC
COMPOUNDS, PASE 7//TA3.3 ZFIXED TEMPERATURES FOR HOr-WIRE
CALIBFATION, PAGE 11

~-BIBLIOGRAPHY =
QUARTZRLY PROGRESS REPOPT NO. 1, TINVESTIGATION OF REACIIVITY OF
LaUNCH VEHICLE MATERIALS WITE LIQUID OXYGEN, SRI PROJECT PRS 7228,
COMTRACT NO. NAS6-21316, AUGNST 13, 1968//HAUSER, R. L., SYKZS,
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5 2., RUMPEL, ¥W. F. MECHANICALLY INITIATED REACTIONS OF ORGANIC
MATERIALS IN MISSILE OXIDIZERS. THE MARTIN CJ. AEBRONAUTICAL
S{STEMS DIVISION, ASD TECHNICAL REPORT 61-324, OCTOBBR, 1961, AD
268458//F. P. BOWDEN ANLC A. D. YOFFE, INITIATION ASD GROWTH OF
EXPLOSIVES IN LIQUIDS AND SOLIDS, CAMBRIDGE UNIVERSITY PRESS,
1952//CALCULATED FROM DATA OF A, W, LAUBENGAYER AND ¥. P. GILLIAA,
J. AMER. CHEN. SOC., €3, 477 (1944)//K. RANEY, ET AL., J. PHYS.
S4EM., €9, 3413 (1965)/-C. WALLING AND P, J. WAGNER, J. PHYS.

CHEM., 86, 3368 (196W)

-SOURCE INPORMATION-

SORPOPATE SOQURCE -
STANFORD RZSEARCH INST., MENLO PARK, CALIF.

REPORT NUMBER -
N69-253u6//NASA-CR=-98422

SPONSOR =
NATIONAL AERONAUTICS AND SPACE ADHRINISTRATION. GEORGE C.

MARSHALL SPACE FLIGHI CENTER, HUNTSVILLE, AL:%.
CONTRACT NUMBER - ’
CONTRACT NASB-211316

Or HER INFORMATION -
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OXYGEN PLANT SAFETY

by
KA RWAT,E.
04 ,s00/57
SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL.
J/Unrestricted Unlimited Summary Acceptable
-ABSTRACT-

THIS SHORT ARTICLE DISCUSSES THZ RELATIVE SAFETY AND YET
OcCASIONAL EXPLOSIONS THAT OCCUR IN LIQUID OXYGEN GE2NEZRAPING
PLANTS. EXPERIMENTS WITH ACETYLENE SHOW THE LONGER AS WELL AS SAPE
QPERATING LIMITS FOR THIS MATEFIAL OZ0N2 IS ALSO DISCUSSZED AND
EXPLOSIVE LIMITS GIVEN (ROUGHLY 18 PERCENT BY VOLUHE IN LIQUID
JXY GEN)) FOR L)X CONTAINING HYDPOCARBON IMPURITIES, GREAr CARE
MUST BE TAFEZIN IN VAPCRIZING THE LIQUID.

-BIBLIOGRAPHY-

KtFRY, F. G., CHEM., ENG. PROGR., 52, 11, 443 (1956} //JOHKRSTINE, H..
Foys AND L. THOMAS MCLAEBE, INLC. ENG. CHE®., 48, 1438 (1956) o

-~SOURCE IN?ORMATION~-

ZORPORATE SOURCZ =~
LINDE A.5., HOLLRIBGELSKREUTH, WEST GZRMANY
JOURNAL PROCEEDINGS -~ -
CHEM. ENG. PROG. VOL 53, NO. &, 188-9 (APR 1957} (PRES. AT
A.I.CH.E, ANNUAL MEETING, BOSTON, MASS., D2C. 12, 13256,
REPRINTED IN SAFETY IN AIR AND AMHONIA PLANTS VOL 1, 27-8)
QIHER INFORMATION -
0002 PAGES, 0CO0 FIGURES, C000 TCABLES, 0002 REPERENCES
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%g OXYG2N PLANT VAFORIZER EZXPLOSION

5 by

% WRIGHT,G.T.

g
'%‘_ 04/00/61

% SECURITY CLASS ACZESS LEVEL REPORT CLACSS ENTRY EVAL.
=t J/Unrestricted Unlinited Incremental Good/Excel.
-ABSTRACT-

AN ZXPLOSION OCCURREL IN THE VAPORIZEFR OF A LIQUID AIR SEPARATION
PLANT AT THE DOMINION POUNDARIES AND STEEL, LTD, HANILTON,
INTARIO, SEPT. 3¢, 1959. THE AUTHOR DESCERIBES THE AIR
LIQUEFICATION, PURIFICATION AND SEPARATION CYCLE ERIEPLY AND THEN
SPECULATES OJN THE CARUSE OF THZ  FEXPLOSION. AN EXCLSSIVE
«CUMULATION OF ACETYLENE IN THE VAPORIZER DIF TO EXIZBSSIVE
WARMING OF THE REGENERATOR IS BILIEVED TO HAVE CAUSED THE
2XPLOSION., THE SOURCEZ OF THE CONTAMINANT HOST LIKELY CAHE PROH
NCARBY COKE DVENS. LARGE VOLUMES OF CO(2) WERE ALSO PRESENI. THE
DAMAGE TO THE PLANT IS ILLUSTEATED AND DESCRIBED BRIEFLY. NANY
CORRECT IVE MEASURES WSRE MADE TO THE PLANTS AHD 1IN THE OPRRAIING
PROCEDURES. SAFETY ALARHS AND PNURIFICATION TESTS WERE ADDED. THE
DAPER IS PRIMARILY CONZZPNED WITH SAFfZTY.

-PERTINENT PIGUPES-

TAB.1 ACETYLENZ CONTAHINANT LEVELS IN PLANT OPERATION, PAGE
11//TAB.2 CONTAMINANTS ON THE PRICH-LIQUID AND LIQUID OXYGEW
PILTERS IN NJ. 2 AND NO. 3 PLANTS, PAGE 11

-SOURCE INFORHATION~

CURPORATE SOURCE -
DOM INION FOUNDRIES AND STEEL LTD., CANADA

JOURNAL PROCEEDINGS -
CHEM. ENG, PROG., VOL 57, KO. 4, APR 1967 (PRESENTED ATl TULSA
SYMP OF A.I.CH.E. IN TULSA, OKLR., SEP 25-8, 1960 REPRINTED
IN AIR AND AMMONIA PLARTS, VOL 3, 9-12)

OTHER INFOEMATION - :
nOOU PAGES, 000S FIGURES, C002 TABLES, 0000 REPERENCES
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DISCUSSION OF EZNZRGY RELFASE 1IN A LIOUID JXYGEN PUNP

by
BALL,W.L,
00/00/63
SECURITY CLASS ACCESS LEVEL FEPORT CLASS ENTRY EVAL.
J/Unrestricted Unlimited Summary Acceptable
-ABSTRACT-

THIS REPORT DISCUSSES A LIQUID OXYGEN PUMP INCIDENT THAT RASULTED
IN CONSIDERAELE DAMAGE TO THE PUNP AND SHUTDOWN OF AN AIR
SEPARATION PLANT. THE PUMP DESCRIBED IS A 1G-STAGE VERTICAL PUHRP
WHICH TAKES LIQUID OXYGEN FPRCH THE REBOILER OVERFLOW AND
DISCHARGES TO THE MAIN AIR EXCHANGERS WHERE THE LIQUID IS
VAPORIZEL AND SENT TO STORAGE OR TRANSHMISSION LINZS. FOR
RELIAEILITY, TW) PUMPS ARE INSTALLED (ONE AS A& SPARE) IN A SINGLE
INSULATED PUMP 30X, AND THE SPARE PUMP IS KEPT OMN COLD STAND-BY.
INVESTIGATION REVEALLD THAT THE COLD STAKD-BY PTOCEDURE PROVIDED
MEANS OF CONCENTRATING CONTAMINANTS IN THE PUMP, AND ALTERNATE
HON-CONCENTRATING METHOCDS OF COCLING WERE STUDIED AS A RESOLT.

-SORCE INFORMATION-

CORPORATE SJURZS -
AIR PFODUCTS ANLC CHEMICALS, INC., ALLEKTORN, PA.
JOURNAL PROCEEDINGS -
SAFETY IN AIR AND AHMMCNIA PLANTS, VOL 5, 41-2 {PROZ. OF 3
SYMP. AT D:ENVZR, COLO., AU 26-9, 1962) :
PUBLISHEFE -
AREKICAN INST. O0F ZHEM. ENG., NEW YORK
OTHER INFOFMATION -
0002 PAGES, 00C0 PIGOURES, 0000 TABLES, (000D REPERZEHCES
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ZYPLOSICNS CAUSEC BY LIQUID JXYGEN

by
WZPER,U.
00/00/63
SZCURITY CLASS ACZ253 LEVEL FEPORT CLASS ENTRY EVAL.
J/Unrestricted frlimited SumRmaATLY Acceptable
-ABSTRAC T~

SHEMISTS HHAVZ KNOWN FOR A LCNG TIME THAT ALTHOUGH LIQUID OXYGEN
IPSELF IS NON-PLAMMABLE AND NON-TOXIZC, ITS HANDLING NEVERTHELESS
PEESENTS SERIONS RISKS AS ALL ZOMBUSTION IN THE PRESENCE QF OXYGEN
IS MNCH QUICKER THAN IN THE AIR AND BECAUSE ™MIXTURES OF ORGANIC
SUBSTANCES WITH LIDUID OXYGEN CAN EXPLODE. HANDLING OP OXYGEN 1IN
LABORATORIES THEREFCRE IS CAPRIED ©ONT WITH EVERY RECOGNISED
PRECAUTION AND ACCIDENTS ARE RARE. UNFORTUNATELY, IN RECENT TINES,
SOME SERIOUS EXPLOSIONS HAVE OCCOJRRED IN THE PZEDERAL REPUBLIZ OF
SGCRMANY IN INDUSTRIES UJSING LIGUID OXYGTN ON A LARGE SCALE AND AT
THE TIKE OF TIRANSPCRTING THE LIQUID OXYGEN BY TANKER. THESE
ACCIDENTS HAVE LED THE AUTHORITIES TO TRKE CERTAIN SPECIAL SAFPETY
42ASURES WHICH MAY BE OF INTEREST T3 OTHERS CONCERNED HITH THIS
DRANCH OF ACTIVITY. THE EXAMFLES AND SAFETY MEASURES CITED IN THIS
ARTICLE APE OF GEXERALLY COKNMON KNOWLEDGE TODAY, HOWEVER, RND IT
iS5 THEREFORE OF MARGINAL INTEREST. .

- SOURCE INPORMATL ON-

JOURNAL PROCEEDINGS - ' _ :
CHIM. IND. VOL 99, NO. 3, 178-83 (1963} (TRANSLATED BY ATORIC
ENERGY RESEARCHK ESTABLISHMENT, HAPYELL, BERKSHIRE)

OF HER INFORMATION ~
0005 PAGES, 000N FIGURES, 0000 TABLES, OCCC REPERENC2S
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SAPETY ASPECTS IN THE DESIGN AND OPERATION OF OXYGEN
SYST BxS
by
REYNALZES,C.H.
01/00/59
SECIRITY CLASS ACZESS LEVEL REPORT CLASS ENTRY EVAL.
J/Unrestricted Unlisited Suamarcy Goou/ Excel.
-ABSTRACT-
THi1iS PAPER DEALS WITH THE EEHAYVICR AND PROPERTIES OF OXYGEN AS

THEY APPLY TO SAFETY ASPECTS IN THE DESIGN AND DJPERATION OF THE
OXYSEN TRANSFER SYSTZM OF THE THOk MISSILE. THZ PAPER SUMMARIZES
THE TINDINGS OF A STUDY ON THE COMPATIBILITY OF MATERIALS WITH
JXYGEN, LISTS THE RESULTS OF VARIONS TESTS PEEFPORMED TO DEFERKINE
THE RESISTANCE OF MAT®RFIALS AKD CONTAMINANTS TO IGNITION 1IN AN
OXYSEN ATMOSPHERE, AND REVIEWS THE OBSERVATIONS FROM A FIELD
SURVEY MADE AMONG THE ORGANIZATIONS MOST ACTIVELY ENGAGED IN THE
PRODOCT IGN AND USE OJF QRYGEN., THE OVERALL CONCLUSION FPRGH THIS
PROJECT IS THAT OXYGEN IS A POTENTIAL EXPLOSIVE! WHICH SHOULD BE
HANDLED WITH CARZ. THERE ARZ THREE BASIC ELEMENTS REQUIRED FOR
CONB3USTICN, ONZ OF WHICH IS OYYGEN., THE OTHER TWO ARE THE
COMBISTIELE MATERIALS AND THE SOURCES OF ENERGY NEEDED TO INDUCE ‘A
REACTION, UNTIL WZ LEARN MORE AEOUT THE PIRST ELEMENT, OXYSEN, IT
IS ©NECESSARY TO TONTROL THE OTHER TWO. THIS 'GAN BE DONE &Y
REDOZING Ok ELIMINATING TRZ SONFCES OF EMERGY THRD!UGHOUT A SYSTES
AND 3Y A CLEANING AND MAINTENANCZ PROGRAM AIMED AT THE ELIMINAT ICH
AND AVOIDAXNCE OF CCNTABINANTS. -

~-BIBLIOGRAPHY~-

CLEAY AND PNIGE SQUIPMNENT, ENGINEZRING TEST REPORT NO.
SM-27448-1.00 DJOUGLAS AIRCRAFT COMPARY, 1INC.,' SANKTA MONICA,
CALIFORNIA (UNPUBLISHED)// COMPARTIBILITY OF HATERIALS WITH OXY3EN,
PROPALSION REPORT NO. D81-444, DONYUGLAS AIRCRAPT ~COMPANY, INC.,
LON5 BEACH, CALIFORNIA, OCTOEER 1, 1959// CURRENT PRACTICES IN THE
JuSIGN AND JDPERATION OJF OXYSER SYSTENS, PROPULSION REPORT NO.
281-513, DOUGLAS AIFIZRAFT COMPRNY, INC., LONG BEACH, CALIPORNIA,
(INPOBLISHED) //LIDUID OXYGEN IMPFAZT SENSITIVITY TESTS, ENGINEERING
T£ ST REPOFT  NO. SM-27448-2.N00, DOUGLAS AIRCRAFT CONPANY, INC.,
SANTA MONICA, SOLVENTS, PROPULSION REPORT KO. ©087-311, DOUGLAS
AIRCFAPT COMPANY, INC., LONG BBACH, CALIFORNIA, APRIL 23, 1958

-SOURCE INZORMATION-
CUKRPORATE SOWRCZE -
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DOUGLAS AIRCRAPT CO., INC., LONG BZACH, CALIP,
JUURNAL PBOCEEDINGS -
CHEMICAL CLEARING OF MISSILE LAONCHING FACILITIES AND
COMPOKENTS SyYNP., TULSA, OKLA,, JAN 20-1, 1959, PAPER NO. 741
OTHEP INFORMATION -
0013 PAG2S, 0000 PIGURES, 0000 TABLES, 000CS REPERENCES
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SURVEY OF ACCIDENTS AT THE AIR SEPARATION PLANTS

-ABSTRACT-

A LARGE NOUOMBZR OF ACZCIDZINTS WHICH OCCURRED IN AIR SEPARATION
PLANTS IN JAPAN AND ELSEWHERE ARE ANALYZED. CLAUDE-TYPE,
LINDE-TYPE, AND PEANKEL-TYPE SEPARATION PLANTS ARE DISZUSSED.
ACCIDENTS SERE CLASSIFIEL INTO EYPLOSIONS, BURSTING ACCIDENTS AND
ASCIDENTS IN YHICH HUMANS WERE INJURED OR KILLED. VARTIOUS
ACCIDENT “DDES ARE ANALYZED, AND THE SUCCESS OF APPROPRIATE
ZUUNTERMEASURES IS DLSCRIBEL. DATA ON ALL AIR SEPARATION PLANTS IN
JAPAN ARE GIVEN, MANY SAFETY RECOMMINDATIONS ARE GIVEN THROUGHOUT
THE REPOERT.

-PERTINENT FIGURES-

TAB. 1 CLASSIFICATION OF ACCIDENTS 2Y THEZ TYFPFE, PAGE 13//TAB. 2
CLASSIFICATION OF ACCIDENTS BY THE LOCATION, PAGE 14//TAB. 3
CLASSIPICATION BY INDUSPFY, PAGE 1u//TAB. 4 VYEAFLY BREAKDOWN BY
THE NUMBER OF ACCIDENTS, PAGE 15/7/TAB. 5 MONTHLY CLASSIFICATION,
PASE 16//TAB. 6 PRELATIONS BETWEEN THE TYPZ AND THE LOCATION OF THR
Q4ACZIDENTS, PAGZ 16//7A3. 7 FELATION BETWVEEN THE IHDUSTRY AND THE
TYPE OF ACCIDENT, PAG=Z 16//TAB., 8 EXPLOSION ACCIDENTS IN THE AIFR
SEPARATION PLANT, PAGES 18-36//TAB. 9 BURSTING ACCIDENTS IN THE
AIR SEZEPARATION PLANT, PAGES 44-47//TAB. 10 HUMAN ACCIDENT (BUR¥,
FRO3T-3ITE, SOPFOCATION) 1IN THZ AIR SEPARATIOS PLANT, PAGES
48-51/7 TAB. 11 THI ACCILCENTS 1IN FOREIGN COBNTRIES, PAGES
52-55//TAB. 12 PROPEITIES OF SOMZ2 OF THE -AIR PJLLUTANTS, PAGE
S6//TAB. 13 SOLUBILITIZS OF VARIOQUS SUBSTaNCES IN LIOQUID OXYGEN AT
YINUS 196 DEGREBBS C, PAGE 58//TAB. 14 ZXPLOSION LIMITS OF VAPORS,
PAGE 60//TAB. 15 EXPLOSION AND DETONATIOCN LIMITS - GAS PHASE, PAGE
61//FIG. 9 SOLUBILITY OF ACETYLENE IN LIQUID

~-BIBLTOGRAPHY~

AIR STPARATION PLANT 2XPLOSION ACCIDENT COUNTEE4EASURE COMMITTEE
paTA, I, II, III, BY THE AIR SEPARATION PLANT EXPLOSION ACCIDENT
ZOUNTERNEASURE COMMITTEE, NOVEMBER 30, 1950//HIGH PRESSURE GAS
ACCIDENTS AND COUNTERMEBASURES, BY THE BUREAU OF LIGHT INDOSFRY,
MINISTRY OF INTERNATIONAL TRADE AND INDUSTRY//ROTZLER, R. W., J.
A. GLASS, %. E. GORDON AND W. R. HESLCP. OXYSEN PLANT REBOILCR
£XPLCSION, CHEM, ZN5., PROGR., VOL. 56, NO. 6, P. 31//8RIGHT, G. T.
OXYSZEN PLANT VAPORIZER EXPLOSION, CHEM. ENG. PROG., VOL 5), NO. 4,
1961, P. 45//MATTHEVS, L. G. OXYGEN PLANT EBXPLJOSION, CHEM. ENG.
PROGR., YOL 5), NO. &, 1961, P. 48//MATTHENWNS, ¥. D. AND G. G,
OdEN. ASPECTS 2P SAZETY CONSIDERED IN THE RECONSTRUCTION OF THE
I.C.I. TONNAGE OXYGEN PLANT AT DBILLINGHAN, A. I. CHEHM. ENG., 1962
SYMPOSIUM AT DENVER. 4. REYNOLDS, CHEM. ENG. PROSR., VOL 56, NO.
6, 1960, P. 73//DANGERS IN PHODUCTION AND CONCENTRATION OF OJDXYGEY,
MODERNE UNFALLVEZRHUTHUNG, VOL 5, 196071961, P, 197//LANG, A. AIR
FRACTIONATION PLANT EXPLOSICN, CHEE. ENG. PROGR., VOL 58, N0, 2,

e bt




1962, Pp. 70//HARADA, KO. EXPLOSTION ACCIDENT AT TIE AIR SLPAPATIOR
PLANT 1Y DJ&7Twn¥D, AND THE LESSONS. SAFPETY ZNGINEBRING 2, NO. 3,
1163, 7. 1\9¢//9CKINL2Y, C. AND P, HIMMELBEPRGEPR (AT’ PRODUCTS,
I52.). CXY5EN PLANT AIR CONTARINANT SAFETY PRINCIPLES, CHEY. ENG.
?E03F., VOL S2, NO. 11, 1957, P. 112, F. G. KERRT (AMERICAN AIR
LIQUID, INC.). SAFETYT ASPECTS OF MODERN AIR SEPARATIOR PLANT
CiCLES, CHEM. ENG. PROGR,, VOL 53, NO. &, 1957, P. 181//MONNA .,
35042I, EIZD KARNDA, TETSUZ0 KI TASAWA, SHOICHI SAYAYANASI AND
AYOICHI KUMAGAYA.. STIDY ON THE AIF SEPARATION PLANT <ZXPLOSION
SREVENTION COUNTERMEASURES, JOUKNAL OF THE HIGH PRESSURE -GAS
ASSOCIATION, VOL, 17, H0. &, 1953, P, 128//KDBAYASHI, YOSHITARA
AND TETSUZ) KITAGAWA. A PAPID METHOD POR THE QUANTITAIIVE
ANALYSIS OF TRACT NITROGEN DICXIDE 1IN LIONID OJOXYGEN IN 1AIR
SZPARATION PLANTS, KOKXA, VOL. 53, NG. g9, 1355, P. 651// ARAKI,
SHUN AND TATSUO KATO. ANALYTICAL CHEMISTRY, VOL. 11, 1962. ?. 533,
SHEUN ARAKI, TATSUO GATO, NOIAKI UEKUSA, JURJI KUZUMA. ANALYTICAL
CHEMISTRY, VYOL. 12, 1963, P. 1M1

~SOURCE INFORMATION-

REPORT NUMBZR -
N71~1265T7//NASA-TT-EF~13383
JOURNAL PROCEEDINGS -
- J. AMHMONINM SULPHATE ENG., VOL 17, NO. 3, ( 1964y (TRANSL. BY
SCIENTIFIC TRANSLATION SERVIZE, DEC. 1970)
OTEER INFORMATiION -
0122 PAGES, 0010 PIGURES,.C016 TABLES, 0013 REFERINCES
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keys 8205 through 8206

INVESTIGATION OF REACTIVITY Of LAUNCH VEHICLZ MATERIALS
WITH LIOUID JDXYGEN, QUARTERLY REPORT NO. 3/ OCT 23, 1968 TO
JAN 22, 1969

by

mMILL,T. :
CHAMBERLAIN, D.L.
STRINGHAH,R.S.
KIRSHEN, N. A,
ORKHNAL,RAGEIS IS4IN,K.C.

OF POOR QuaLITY

02/712/€3
SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVil.
U/Unrestricted NTIS Incremental Good/Excel.
-ABSTRACT-

a SELECTED GROUP OF ORGANIZ COMPOUNDS WRSRE IHMPACT TESTED WITH THE
ASMA DROP-WEIGHT TESTRR CL[URING THIS PREPORT PERIOD. ATTEZMPIS WERE
MADY® TO CORFELATE THE INPACT SENSITIVITIZS 2F THESE COHMPOUNDS EITH
THEIR PHYSICAL PROPERTIES AND CHEMICAL STFUCTURE. 1IN SOHME
INSTANCES SUBGROUPS OF COMPONMNDS THAT ARE RELATED BY THEIR
CHEMICAL STRUCTURE HAVE ZXHIBITZID SENSITIVITI®S CORRELATING WITH
Td2IR FLASH POINTS. CHEMICAL STRUCTURE HAS ALSO BEFN SHOSN TO B2 A
PACTOF IN IMPACT. SENSITIVITY. THE IMPACT SENSITIVITIES CF COMENE,
TOLUENE, AND T-BUTYLSBENZENE AFE 1IN THE SAMEI ORDER AS THRIR
REACTIVITIES TOWARD PBROXY RADICALS 1IN OXIDATION. A FE¥ OF THE
ZOMPOUNDS THAT WERE IMPACT TESTED WERZ2 IGNITED BY THE HOT-WIRE
MZTHOD, ANL MINIMOM IGNITION TEMPZRATURES AND IGNITION-DELRY TIHMES
WSoRE MEASURED. THE HOT-WIRE SENSITIVITY OF COMPOUNDS WNITHIN
CERTAIN SUBGROUPS NERE AGAIN FOUND T3 LORRELATE WITH THE BASE OF
40T-WIRE IGNITION. FURTHEPMORE, HZT-WIRE DATA APPEAR. TO AGREE MHITH
IMPACT DATA. TWD PRELIMINARY EYXPERIMENTS LEADING TO THE USE OF
HISH-SPTED PHOTOGRAPHY PCR THE STHDY OF INPACT-INDNCED IGHITION
MECHANISMS WERE PERPORMED.

"=PERTINZNT FIGURES-
TAB.1 IMPACT. SENSITIVITY VERSUS PHYSICAL PFIPERTIES FOR PURE

ORGANIC COMPOUNDS, PAGE: 6//TAB.2 JOMPARISON OF INPACT AND HOT-~VIRE
SENSITIVITY DATA, PAGE 9//TAR.3 RZACTION OF OXYGFMN WITH ME(6) AL(2Y

IE CF(2)CL(2), PAGE 13
-BIBLIOGRAPHY-

F.P. EDWDEN AND A.D. YOZFZ, INITIATION AND GROW™ 02 EXPLOSIVES IN

LLOUIDS AND SOLIDS, CAMBRICGE UNIVERSITY PRESS, 1952//J.A. HOWARD,

W.J. SCHWALN, ASD K.U. INGOLD, ADV. .IN- CHEY. SEBR. 75, 20
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(1968) //QUARTERLY PROGRESS FEPORT KNO. 2, INVESTIGATION 100 4
REACTIVITY OJF LAUNCH VEHICLE MATERIALS WWITH LIQUID ~XYGEN, SRI

PROJECT PRU-7228, CONTRACT NO. NASB-21316, NOVEMBER 12,
REPORT NO. 3, INVESTIGATICN OF REZACTIVITY OF LAUNCH

1968/7

VERICLE

BATEBRIALS %ITH LIQUID OXYGEN, SRI PROJECT PRU 7228, CONTRACT NO,
NAS8-21316, SEPTEMBEF 12, 1968//A.G. DAVIES AND B.P. ROBERTS, J.

<HEM. SOC. (B), 1074 (1S68)//J3.A. HOWARD, K.U. INGOLD,

AND B,

SYMONDS, CEN. J. CHEM., U6, 1017 (1968)//L. HORNER AND W, -

JURGELEIT, ANN. CHEM,, 591, 138 (1955)

~SOURCE INFORMATION-

ZORPORATE SOURCZ -
STANPORD R2SEARCH INST., MENLO PARK, CALIP.
RE PORT NUMBEE -
N69-253C2//NASA-CR-90423
_ SPONSOR -

NATIONAL AZRONAUTICS AND SPACE ADHINISTRATION. HMARSHALL SPACE

FLIGHT CENTER, HUNTSVILLE, ALA,
CONTRACT NUMBER =~
CONTRACT NAS8-21316
OTHER INFOPMATION -
0N29 PAGES, J20Nn6 FPIGHRES, OCOS5 TABLES, 0007 REPERENCES
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kevys 8647 through 8648
PROPELLANT STATIC SEAL DEVEIOPMENT IN PROJECT HERHES

by
JENKINS,T.C.
LOSAMN,S.E.
11709754
SECURITY CLASS ACCBSS LEVEL REPORT CLASS ENTRY EVAL.
U/Unrestricted NTIS Suaxary A cceptable
-ABSTRACT-

THIS FSPORT REVIEWS THE ADVANCEMENTS MADE TOWARD BETTER PROPELLANT
SEALING DEVICES DURING TEE HERMES PROGRAM. IT DISCUSSES THE
PROBLEMS WHICH WERE OVERCOME IN THE DESIGN OF COHPONENTS CARRYING
LIQONID OXYGEN. IMPROVEMENIS APT NOTED POR TUBE JOINTS, AND
JSTONATION TESTS WITH VARIOUS ELASTOMERS ARE DISCUSSED.

~PERY .NENT FIGURES~

PIG.4Y DETONATION TEST SCORE VELEKSUS PILLER POR VARIOUS ELASTOHE?Sg

PAGEZ 36// FIG.42 DETONATION TEST SCORE VERSUS HARDNESS POR VARIOQOUS
BELASTOMEFS, PAGE : .

-SOURCE INFORMATION-

CORPORATE SJOURCE -

GEKERAL EL2CTRIC CO., SCHENECTADY, N.Y. GUIDED HISSILES LEPT.
REPORT NUMBER -

RS54 A0562//7AD=50626
SPONSOR =

DEPT. OF THE ARNY
CONTRACT NU®BER -

CONTRACT DA-30-115-0RD~-23
O HER INFORMATION -

CO41 PAGES, N0O42 FIGURES, 0000 TAELES, 0000 REPERENCES
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keys 9019 through 9021
SAFETY PRECAUTIONS WITH RESPECT TO HYDROCARBONS IN AIR
FRACTIONATING APPARATUS (SCHUTZMAFSNAKEM GEGEN
KOHLENWASSERSTOFFE IN LUPTTRENNER)
by

KARWAT,C.

11,00/60
SE:URITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL.
U/Unrestricted Tnliwvited Incremental Good/E xcel.
-ABSTRACT-

ruzé REPORTS THE INVESTIGATION Of AN EXPLOSION IN THE

LINDE-FRAENKL APPARATUS IN AN AIR SEPARATION PLANT. THE EXPLOS ION
TOOK PLACE WHEN LIOUID OXYGEN FROM THE ACETYLENE SEPARATOR WAS
JISCHARGED. PREVIOUS T2STS SHOWED THAT THE ACETYLENE CCNTENT OF
THE STREAM WAS LESS THAN O.C1Y PPM SO THAT THE EXPLDSION MUST HAVE
BEEN CANSED BY DTHLR HYDROCARBONS., IT APPEARS THAT THE PROPYLENE
PRESENT IN THE STREAM PREVENTS THE SOFPTION 3F ETHANE AND IMPAIRS
FHE SORPTION JF PROPANE AND ETHYLENE. THE AUTHOR RECOMMENDS -~ 1j
40RE VIGOROUS PLUSHING OF THEE AUXILIARY VAPORIZER, WIT™H THE RETCHEK
Jf THE DVEFFLOW LIDUID ‘THPOUSH THE APSORBER PLACED AHEAD OF THEZE
AUXILIAPY VAPORIZER, 2) SCRUPBING OUT OF THE HYDROCARBONS FROM THE
AIR WITH THE SMALLSST POSSIBLE AMOUNT CF LIQUID AIR BEPORE IT3
ZNTRANCE INTO THE COLUMN. 3} ADSORPTION OF THE HYDROCARBONS FROHM
THE GASEOUS AIR BETWEEN THE REGENERATOR AND THE COLUNN., U4)
BESENERATIVE ADSORPTION/DESORPTION OF THE AIR ON A SORBENT LAYER
PLACED AT THZ COLD END OF THE REGZNERATOR. 5) BORNING OF TRKE
dYDROCAREONS BEFORE TH® AIR ENTESBS THE FRACTIONATOR. THE PAPER

- INCLUDES DETAILS FOR IMPLEMENTING THS RECOMMENDATIONS,

-PERTINENT FTIGURES~

PIG. Y ADSORPTIDN OF VARIOUS HYDROCARBONS ON SILICA GEL FROM THEIR
SOLUTION IN .LIQUID OXYGEN, PAGE 13//PIG.2 FLUCTUATIONS IN THE
PROPANE CONTENT OF THE LICUID IN THE PRESSUFPE COLUMN AND IN THE
MAIN CONDENSER, PAGE 14//PIG.3 ADSORBER POP THE OVERFLON LIQUID
PROM THE AUXILIAPRY VAPORIZER, PAGY 15//P1G.Y4 TEZKPERATURE CZHANGES
IN THE GEL LAYER REGENERATOR, PAGZ 16

-SOURCE INZ7ORMATION-

ZORPORATE SOURCE -~
PJLLACH NEAR MUNICH

JOURNAL PROCEEDINGS -
LINUE BER. TECH. ¥WISS., NO. 10, 12-6 (NOVY 1950) (IN GERMAN)
(TRANSLATED 8Y F.E.E. GERMANN, NBS, TRANS. NO. T-14, APR.
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keys 9025 throuqh 9028

ST. PAUL SYMPOSIUHN, PUBLISHED TRANSCRIPT

-ABSTRACT-

SUBJECTS DISCUSSED INK THE SYMPOSIUM INCLUDED SAFE DESIGN AND SAFE
OPERATING PROCEDUBES 1IN AIR SEPARATION PLANTS, A HYDROCARBON
CONTAMINATION INCIDENT 'AND SAFE PURGING PROCEDURES DEVELOPED FPOR
SUCH INCIDENTS, AND EXPLOSIONS IN AN AIR SEPARATION PLANT AND IN A
SOMPRESSOF, BOTH CAUSED BY CONTAMINATION. THE PAPERS INDEXED POR
ASRDI ARE//HUGILL, J. T., YOUNG, Y. M., ANDERSON, C. P., SINNS, R.
K., COCHRANE, G. S., ET AL, REBOILERS AND VAPORIZERS//ANDERSEN, C.
P., UNATTENDED OJXYGEN PLANTS// BOLLEN, R. F., HYDROCARBON
CONTAMINATION OF AN AIR SEPARATION PLANT// GIBBS, Z. W,
<OMPRESSOP EXPLJDSION//ROTZLER, R. W., GLASS, J. Ah., GORDON, ¥. BE.,

{ESLOP, W. R., OXYGEN PLANT REBOILER EXPLOSION.

-SOURCE INFORMATION-

JOURNAL PROCEEDINGS -
CHEN. ENG. PROGF. VOL 56, NO. S AND 6 (MaY 1960) (PRES. AT
ST. PAUL SYMP. NAT. A.I.CH.E. MEETING, 1960, REPRINIED IN
.SAFETY IN AIR AND AMMONIA PLANTS VOL 2, ANG 1960)

OTHER INFORMATION -
0038 PAGES, 000C FIGURZS, 0000 TABLES, 000N REFEREKCES
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" keys 9210 through 9213

AVIATORS BREATHING OXYGEN PROMN AIRCRAPT CONVERTERS,
' EVALUATION OF .

=-AB3 STRACT-

TWO SAMELES OF AVIATORS EREATHING OXYGEN WERE ANALYZED FOLLOWING
AN ACCIDENT IN WHICH A PILOT WAS KILLED. THE LIJQUID OXYGEN HAD
BZEN OJBTAINED FROM THE AIRCRAPT CARRIER USS BENNINGTON. THE
SAMPLES WERE TAKEN FROM LCX COCMVERTERS OF AIRCRAPT W®HICH HAD
JBTAINED LOXY FROM THE BENNINGTON AT THE SAME TINME AS THE AIRCRAFT
INVOLVED IN THE FATAL CRASH. THE SAMPLES CONTAINED CONTAHINANTS
PAR IN EXCESS 07 THE MAXIMUMS ALLOWED UNDER SPECIFICATIONS. PILOT
-ZOBPLAINTS OF BAC ODORs, HEADACHES, NAU3SEA, AND LOSS OF
COORDINATION WEIE ATTRIBUTED TO THE OXYGEN SUPPLY, IT IS SUGGESTED
THAT THE TOXIC EFFECTS OF THE CONTAMINANTS MIGHT PBE ENHANCED WHEN
TBREATHING -PURE DXYGEN. IN ADDITION, ONE SANPLE CONTAINED ACETYLENE
IN EXCESS OF ITS SCLUBILITY IN LOX, CONSTITUTING AN BXPLOSIV"
HAZARD. THE REPORET RECOMMENDS THAT MZANS OF MONITORING CONTAMINANT
LEVELS IN LOX BZ PROVIDED TO AIRCRAZT CARRIERS AND ALL LAND-BASED
PLANTS WHICH DD NOT HAVE SUCH INSTRUMENTATION. A SUGGESTED
INSTRUMENT IS A GAS CHROMATOGRAPH SUCH AS THE NRL TOTAL
- HY DROCARBON ANALYZER.

-PERTINENT PIGURES-

' TAB. ANALYTICAL DATA FOF OXYGEN SAMPLES ?RON AIRCRAFT CONVERTERS,
“PAGE S o B

~SOURCE INPORMATION-

CUORPOPATE SJURCZ - )
NAYVAL RESEARCH LAB., ¥WASHINGTON, D.cC.
RZPORT NUMBER -
7 6180-176 -
OTHER INFORMATION -
0006 PAG2S, J001 FIGURES, 0000 TABLES, 0004 REPERENCES
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keys 9726 through 9727
BEHAVIOR OF LIQUID OXYGEN
by

BALIS,E. ¥,

02/00/57
" SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL.
U/Unrestricted NTIS Incremental Acceptable
-ABSTRACT~-

FHIS REPORT REVIEWS THE CHEMICAL PROPERTIES OF LIQUID OXYGEN. &
LI TR RATUEE. SURVEY WAS MADE CN THE REACTIONS OF ORGANIC MAT ERIALS
WITH LIQUID OXYGEN. MUCH QOF THE INFORMATION PERTAINS TO TRE USE
JOF ORGANIC MATERTIALS WITH LIQUID OXYGEN AS EXPLOSIVES, AND TO THE
2XPLOSION HAZARDS OP HYDROCARBONS WITH LIQUID OXYGEN. THE AUTHOR
SONCLUDES THAT %O0ST REDUCING AGENTS AMD HYDROCARBONS IN CORNPACT

WITH LIQUID OXYGEN CCNSTITUTE A POTENTIAL EXPLOSIVE SITUATION.

-SOURKCEZ INFORMATION- -

SORPORATE SOURCZ ~
GENERAL ELZCTRIC CO.

‘2, PORT NUMB2ZR -

GDC-8614//3EC-45783
PUBL ISHER -
GENERAL DYNAMICS/CONVAIER
OT HER INFOFMATION - .
0004 PAGES, 0000 FIGURES, 000C TABLES, 0019 REPEREBNCES
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keys 10161 through 10163

NEW DATA ON THES EXPLOSIVENESS 07 LIQUID OXYGEN AND
HYDBC-CARBONS (RUSSIAN)

by
GITTSEVICH,G.A.

EASYPOV,Z.B.
SAGAIDAK,V.J.

00,00/59

SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL.
Y/Unrestricted Unlimited Incremental Acceptable

-ABSTRACT~

ZXPERIMENTS SHOWED THAT THE HEATING OF CYLINDER OIL, ONDER

PRESSURE 1IN AIR, PRODUCES 10¥-BOILIRG LIQUID AND GASEOUS

HYDROCAFBONS AND COKE, THE PRODUCTS OFP THERMAL CRLCKING. THESE
PRODNICTS, MIXED WITH LIQUID OXYGEN, WERE TESTED FOR EXPLOS ION
SENSITIVITY, AND REPE FOUND TO BE MORE SENSITIVE TO IMPACT THAN
NITROGLYCEBRINE. THE DATA SHOW THAT ACETYLENE SHOULD NOT BE
<ONSIDERED THE ONLY CAUSE OF EXPLOSIONS 1IN AIR SEPARATION
SQUIPMENT. PROIDUCTION oF CRACKING GASES 1IN RECIPROCAT ING
ZOMPRESSORS, AND THEIR CONDENSATION WITH OXYGEN IN AIR SEPARATION
SQUIPMENT, CaN ZXPLAIN EXPLOSIONS IN CASES WHERE ACETYLENE AND
LUBRICATING OIL WERE NOT FOUND. CLEANING OF THE PRIOCESS-AIR, WITH |
REMOVAL OFP ALL OILS AND OTHER- HYDPOCARBONS, CAN INSURE SAFE
OPERATION Of AIR SEPARATION EQUIPMENT.

-PERTINENT FIGURES-

‘TAB.1 COMPDSITION OF GASES OBTAINED BY THERNAL <CRACKING OF OIL
‘P~28 AT TEMPZRATURSS OF 200 AND 350 C, PAGE 14//TAB.2 NMININOGA

PKESSURE OF RUPTURZ OF DIAPHGPANS NECESSARY TO PRIDUCE EXPLOSIORS
IN VARIOUS MIXTURES, PAGE 15

o

-3IBLIOSRAPHY-

SITTSEVICH, G. A., OCN REASONS FOR EXPLOSIONS 1IN CONDENSORS,

COLUOMNS AND ACETYLENZ ADSORBERS AND METHODS OJP PROTECTING AIR
SEPARATION EQUIPMENT FROM OIL, MATERIALS OF THE TECHNICAL COUNCIL
IN SECURITY OF EXPLOSICN-SAFE CONDITIONS OFP OPERATION or

AIR=-SEPAEATION 20UIPMENT, VoBI.I.K.ILN.ALSH., Moscow,
1956 //GITTSZVICH, G. A., ON REASOHRS TOR ZXPLOSIONS IN
ALR-SEPARATION ZONIPMENT, KISLOROD, 1957, NO. 2, - P.

27-33//GITTSEVICH, G. A., OBTAINING LIQUID OJXYGEN FOR MEDICAYT
PURPOSES WITHOUT FEPEATEZD CONDENSATION, KISLOROD, 1958, NO. 1, F.
26-9//EPICH,- V.. N. AND PAZHITNOV, V., K,, CHEMISTRY JF PETROLZUM
AND ARTIFICIAL LIDODID FNEL, MnNSCOW, 1958//POLLITZER, 7., ON
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ZXPLOSIONS 1IN APPARATUSES FOR LIQUEZACTION AND SEPARATION OF AIR,
ZSC9R. P. ANGEW. CHEMIB, 1923, VoL 36, NO. 39-40, P, 262-6

-SOURCE INPORYATI ON-
- JOU3INAL PROCEEDINGS -
KTSLIRID, U.S.S.R. VOL 12, ¥O. 3, 12-6 (1959) (IN RUSSIAN)

OTHZR INFORMATION - S
0N0S PAGZS, 0002 FIGURES, 0002 TABLES, 0006 REFERENCES

129

T P py

- dhiis et i



keys 18294 througqh 18301

THZ STUDY OP AIR SEPARATION PLANT EXPLOSIONS (JAPANESE)

by
KITAGAWA,T.
ET AL
00,00/60
SECOTRITY CLASS ACTESS LEVEL FEPORT CLASS ENTRY EYAL.
Ud/0nrestricted Unlizited : Summary . - Good/Excel.
-ABSTRACT-

: T&!S-ﬁ&iﬁ&&‘&-?&SSIHE”RBPORT GIVES DETAILS OF AIR SEPARATION PLANT

ACCIDENTS (EXPLISIONS) FOR THE PERIOD 1930-1963. 48 ACCIDENTS ARE
DETAILED IN ALL. EXTENSIVE TABLES ARE INCLUDED WRICH SUMNARIZE
THE DATA IN VARIOUS WAYS. ©E.G. YEAR, HONTH, LOCATION, TYPE, TYPE
JF INDUSTRY, 2TC. OF THE U8 ACCIDERTS INCLODED 37 WERE DIRECTLY
INVOLVED WITH AIR SEPARAT JON PLANTS. THE REPIDRT ALSO INCLUDES
JDETAILS OF HAZARDS, ZXPLOSION LINITS, IGKITION SOURCBES, PETrC. THE
REPORT ALSO DISCOSSES.THE VARIOUS <IYPES OF AIR SEPARATION PLANTS
AND GIVES A SOUMYARY TASLE OF ALL AIR SZPARATION PLANTS 1IN JAPAN

. WLTH DBTAILS OF SIZE, USER, MAKER AND PURPISE. THE ONLY HANDICAP

TO THIS OTHERWISE FINE 2EPORT IS THAT IT IS IN JAPANESE.

-PERTINENT FIGURES-.

TAB.lAtLASSI?ICATION OF ACCIDENTS, PRAGE 7//T3B.2 LOCATIONS oOF
ACCIDEBTS, PaGZ2 7//7TAB.3 CLASSIFICATION OF INDUSTRIEBS IN WHICH
ACCIDENTS JOCCURRED, PAGE - 7//TAB.U4 NUBBERS or ACCIDENTS

{1930-1963) , PAGE 8//TAB.8 LETAILS:OF EXPLOSIONS IN AIR SEPARATION

PLANTS, PAGE 9//TABb. AIR SEPARATION PLANTS IR JAPAF AS OF OCTrOBER,
1962, PAGE 31 .

~SOURCE INFORYATION-
JOURNAL PROCEEZDINGS =
PYSAN GIJUTSO VOL 17, NO. 3, 1-46 (1964}

OrHER INFORMATION -
0087 PAGZS, 0010 FIGURES, 0016 TABLES, 0013 REPERENCES
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g . RELATIVE SAPETY ONDER CZRTAIN CONTROLLED CONDITIONS.

] T -PERTINERT FIGURES-

AS . H )

% -~ 21G. 1 DIAGEAMMATIC VIEW OF REPRIGBRATED VESSEL CONTAINING SOLUTION

. " OF PUEL IN LIQUID OXYGEN//PIG.2 DIAGRAMMATIC . VIE¥ OF INSULATED

5 PARTITIONED VESSEL CONTAINING FUEL AND LIQUID OXYGEN IN SEPARATE
; COMPARTMENTS//FIG.3 DIAGRAMMATIC VIEW ILLUSTRATING ONE NETHOD OF

: PREPARING, HANDLING, AND STCRING A SOLOTION <JF PUEL IN LIQOUID

7 O(YGES//PIG.4 GRAPH OF SOLID-LIQUID EQUILIBRIA FOR METHANE-OXY GEN

; SYSTEM//FIG.8 BUBBLE POINT CURVES AT 14,7, 50, 100, AND 200 PSIA

: POR THE OXYGEN-ETHANE SYSTEM PLOTTED AGAINST TEMPERATURE, TOGETAER

/ ¥ITH PARTIAL PREBSSURE CUSTES AT 0.60.. ARD 2.05 PSI FOR

g5 Br HANE//PIG.7 BUBBLEZ POINT CURVES AT 14.7,’ 50 100, AND 200 PSIA

: POR THE OXYGEN-NETHANE SYSTEW PLOTTED :AGAINST TENPERATURE,

4 TOGETHER WITH PARTIAL PRZSSURE CURVES AT 0. 79, 2.7, 5.8, AD 10.3

: PSI POR BETHANE ’

; -SOURCE INPORNATION- '

: RCPORT NUMBER - -

i U.S. PATENT NO. 2,939,778 IR

9 OT HZR INFORMATION -

b 0013 PAGES, 0008 FIGURES, 0000 TABLES, oooe REPERENCES
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keys 18697 through 18699

LIQUID EXPLOSIVE

by
MCKINLEY,C.
06/07/60
SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL.
U/Unrestricted OUnlimited Summary . Good/Excel.
-ABSTRACT-

THIS INVENTION RELATES IO EXFLOSIVES AND MORE PARTICULARLY IO AN
EYPLOSIVE.SOLUTION CONMPRISING FUEL MATERIAL DISSILYED IN LIQUID

FOKYGEN. USERS DJP JXYGEN AND OTHERS PAMILIAP VWITH H®ANY OF 1ITS

HAZARDS HAVE LONG LOCKED UFON FUEL-OXYGEN NIXTURES AS COMBOUSTIONS
I'J BE AVOIDED WHENEVER POSSIBLE. THE INVENTION DESCRIBED HERE 1IN
ZONSIDERABLE DETAIL DENONSTRATES THAT SOLUTIONS JF PUEL (E.G.,
BETHANE, ETHANE, PROPANE) IN LIOQUID OXYGENWN CONSTITUTE AR IMPROVED
PORNM OF EXPLOSIVE THAT CAN BE PREPARED, STORED AND USED 1IN
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keys 42 through 28

HAZARD LBVEL OF HYDROCARBOE PILAS IN SYSTPES CONTAINING
LIQUID AND 5ASEOUS OXYGEN

by
KEBAT,E.
08,00/61
" SECURITY CLASS ACCBSS LEVEL REPORT CLASS ENTRY EVAL.
U/Unrestricted Unlimited Suamary Good /Excel.
=ABSTRACT-

ITHE OBJECT OP THIS WOBK WAS TO DETERMINE REALISTIC STANDARDS OF
<~LEANLINESS IN SYSTEAS CONTAINING LIQUID a¥D GASEOUS OXYGEN. AR
ARBITRARY FIGURE OF 4 MILLIGRAMS PER SQUARE PODT HAD BEEN
PREVIOUSLY.- SET- .B%.-EIANINATION CF SYSTEMS THAT HAD CAUSED NO
TROUBLE IN THE PAST. IT WAS FELY THAT THIS PIGURE WAS TOO LOW AND
THAT EXPERTIMENTAL DETERBMINATION O7 THE SAFE LEVEL SHOULD BE MNADE
TQO SET SUCH STANDARDS. BASED ON THE EXPERIMENTS REPORTED HERE, THE
RECOMNENDED SAFE LEVEL CONTARIFATION WITH HYDROCARBONS W#ITH
VISCOSITY AND VAPOF PRESSURE SINILAR T3 HEXADECANE IS 100
MILL IGRAMS PER SQUARE FOOT.

. -PERTINENT FPIGUORES-

FIG.1 IGNITION APPARATUS USING GASEOUS OXYGEE PAGE 163//PIG.2¢

IGNITION APPARATUS USING LIQUID OXYGEN PAGE 164//FIG.3 ISNITION
APPABATUS USIFG CASEOUS OXYGEN PAGE 164//PIG.U IGNITION APPARATUS'
USING LIQUID OXYGEN BEPORE IGEITION PAGE 165//P1G.5 IGNITION
APPARATUS USING LIQUID OXYGEN APTER IGNITION PAGE 166//7IG.6
UNBUIRNED HEXADECANE PILN" AFTER SPARK IGNITIOF IN GASBOUS OXYGEN"
PAGE 166 °F

-BIBLIOGRAPH Y~

J.C. LESUBR, APBAD/NPQPP AND .C.L. WILLIAXS, STL/PTD, . DEKIFPT OP
. INTERIOR STANDARDS POR LOX SYSTEAS, NAY 8, 1959//X.8. PALMER, J.
INST., FUEL 29, P. 293 (1556)//1.B. BASVNOV ABD VY.G. MIKHEDOY,
KISLOROD 12, N§O0. S, P. 1 (1959). TRANSLATION NO. RD-2220 BY
ASSOCIATED TECHNICAL SERVICES, INC.//AIR PRODUCIS, INCORPORATRED,
_ UNPUBLISHED WORK//H. PERGER, PFEUERSCEUTZECHE 21, P. 15
(1941) //D.B. SPALDING, GAS TURBINES -~ YOL. 2. SOMNE PUNDANENTALS OF
ZOMBUSTION. BUTTERVORTHS SCIENTIFIC PUBLICATIONS, LOMDON (1955)

* =SOURCE INPORNATION-
CORPORATE SJOURCE - '

AIR PRJDUCTS AND CHEMICALS, I¥C., ALLENTOWN, PA,
JOURRAL PROCEEDINGS -

ADVANCBS IN CRYOG. ENG. VCL 7, 163-9 (1962 (PEOC., OF 1361..

CRYOG. ENG. CONP,., 7TH, ANE ARBOR, MICH., AUG 15-7, 1961)

OTHER IEFORMATION -
0007 PAGBS, 0008 ?IGURBS, 0001 TABLES, 0008 RREPEREECES
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keys 187 through 189

DETERMINATIONR OP ACETYLENE IN LIQUID OXYGEN AND LIQUID

NITROGEN
by
s DEE,L.A.
07/18/61
SECURITY CLASS ~ ACCESS LEVEL PEPORT CLASS EWTRY EVAL.
U/Unre_stric‘ted NTIS Saamary Good/Excel,
~ABSTRACT-

AN EVALGATION 2P  SEVERKL 'RAPID PROCEDURES POR DETERNINING
ACETYLENE IK LIQUID OXYGEN AND LIQUID NITROGEN IS PRESENTED. 1IN
SEVERAL 'OF THZ PROCEDURES THE ACETYLEN® IS LOST WHEN THE
INDICATING REAGENTS ARE ADDED. TWO PROCEDURES USING SILICA GEL AS
AN ABSORBENT POR ACETYLENE 'O NINIMIZE THIS LOSS ARE DESSRIBED.
THESE PROCEDUREBS ARE SENSITIVE, RAPID, EMNPLOY INEXPEHSIVE
EQUIPMENT AND RZQUIRE LITTLE TRAINING TO PERFORM. '

-PERTINENT FIGURES-

TAB.1 ACETYLENE CONCENTRATION PAGE 6

-BIBLIOGRAPHY-

AIR PRIDUCTS, INC., ALLENTOWN, PA., ACETYLENE IN LIQUID .OX¥GEX
TEST METHOD// B3RTHZlOr, M., CONPT. REND. 54, 1070 (1862) //HUGSES,
SENEST Eee AND GORDEWN, RALPH, = ANAL. CHEN. n, 98-8
(1959) //ILOSVAY, LUDWIG, BER 32, 2697 (1899)//LINDE COMPAKY, LOS
ANGELES, CALIP., ACETYLENE IN LIOQUID OXYGEN TEST YETHOD.

~SOURCE INPORMATION-

<ORPORATE SJOURCZ - -
aIlR PORCE SYSYENS COHHIHD, EDVARDS AFPB, CRLIPF.
REPORT NUMBER . : :
SSD~TN- 61-1//!0-““6021
UTHER INFORMATION - .
0008 PAGES, 0000 PIGURES, 0091 TABLES, 0005 REPERENCES
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SAMPLING PROCEDUPE FOR LIQUID OXYGEN

by
JOHNS,S.D.
12731763
SECZTRITY CLASS ACCESS LEVEL FE PORT uLASS ENTRY EVAL.
U/Unrestrictaed NTIS iy Sgymmary " Acceptable
-ABSTRACT-

IHIS IS 2 PRDOPDSED STANDARD OPEFATING PROCEDUKE FOR TAKING SAMPLES
PROM LIQUIL OXYGEN STOFAGE ARD TRANSPORT TANKS, THE STANDARD IS
fTo° BE USED.BY. . THEZ DESPARTMENT OF DEFENST AND UTILIZES A CRYOGEHNIC
SaMPLER DEVELOPED BY COSHODYNE. A BFIEP REVIEW OF THE HAZARDS
ASSOCIATED WITH LIQUID OXYGEN HANDLING IS INCLUDED.

-BIBLIOGRAPHY~

'‘MB0O110-001, OXYGEN, LIQUID AND GaAS//NIL-P=-25508, FROPELLANT

‘OXYGEN// CRYOGENIC SAMPLER, INSTRUCTION MANUAL//THE HANDLING AND

{STORAGE OP LIQUID PROPEBLLANTS, OFFICE OF THE DIPECTOR OF DEFEKSE,
. "RESEARCH AND ENGINEBRING, JANUARY 1963,

-SOURCE INFORMATION-

ZORPORATE SOURCE ~
- A NOPTH AMERICAN AVIATION, IN~., DOWNEY, CALIP.
. :REPORT NUMBER =
k sz-azr-z17123-129//10-059205 .
: keys 269 through 271

PERMISSIBLE LONTAHINATIOH LINITS AND INSPECTIOH CRITERIA
. FOF LIQUID OXYGEN, LIQUID NITROGEN, RP-1 PUEL, GASEOUS
! " OXYGEN, GASEOUS NIT ROGEN, INSTRUMENT AIR AND HELIUNW,
f COMPONENTS AND HABDLINS SYSTEMS, BEVISIOR C

=-ABSTRACT-

. THE PURPOSE OP .THE WREPORT IS TO PROVIDE A STAHDARD : EXHIBIT

, -OUTLINING THE CLEANLINZSS CRITERIA, AND INSPECTION PROCEDURES, TO .
: 'A$31"RE THE DESIRED CLEANLINESS LEVEL OF COMPONERTS AHD SYSPEARS
'y - dANDLING LIQUID OXYGEN, LIQUID KITROGEN, GASEOUS NITROGEN, HELIOA

. AND RP-1 FOEL UTILIZED IN BALLISTIC MNISSLES. SPECIFICAT IONS,

.;;INSPB’TION AND CLEANING PROCEDTRES AND STANDARDS ARE GIVBN.

< _ ~SOURCE INPORMATION~- ——_— .
CORPORATE S5URC: - : ' :
" BALLISTIC SYSTEMS DIV., NORTON AFB, CALIF. , o
" :  REPORT NUMBER - ' ’ S
BSD-EXHIBIT-61~ JC//AD 61539u
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keys 287 through 283

SAS-CHROMATOGRAPHIC METHOD fOR THE DETERMINATION OF
: POLLUTAMTS IN AVIATION LIOQUID OXYGEN. (METODO
GASCROMATOS RAPICO PER LA DETERMINAZIONE DEGLI INQUINANTI
LL OSSIGENO LIQUIDO AVIO) -

by
CIANETTI,E.
0 , PECCI,G.
RiGIngg, P4 ' SCUDERI, G.
OF Poog o PE IS -
Uity = 000065
SECURITY CLASS ~ ---5ClESS-LEVEL. .. 'EBPOBT CLASS ENTRY EVAL.
U/0nrestricted Unlimited Incremental Acceptable
=ABSTRACT-

FOLLOWING AN EXPLANATION OF BASIC PRINCIPLES OF GAS CHROMATOGRAPHY
AND SOME TOXICOLOGICAL CONSIDERATIONS OF REASONS FOR REDUIING
MAXINUM ALLOWABLE IMPURITIES IH OXYGEN, THE AUTHORS DBSCRIBE A
METHOD FQE QUWICKLY DETEFRMINING BOTH ORGANIC AND INORGANIC
INPURITIES. OJRGANIC INMPURITIES ARE DETERHINED WITH IONIZING FPLAME
3AS CHROMATOGRAPHY, INORGANIC ONES WITH A THERMISTOR SBESOB, IN
THO0 OPERATIONS, AFTER PRE ONCB“TRLTION. .

-PERTINENT FIGUFES~

FI5S. 3 THE? 47 GAS CEROFATOGRAPHY APPARATUS PAGES 3)-1,
34=5//PIGS. S TZRO 13 CHROMATOGRAMS OF INPURITIES 1IN OXYGEE PAGES
37-42//TAGLE MAXINUM ALLOWABLE CONTASINANTS PAGE 32

-BIBLIOSRAPHY-

HEFTHANN E. CHRONATCGRAPHY, REINHACOLD PUBLISHING CIRP., NEY¥ YORK,
1961// KAISER R.  GAS PHASE CHPOMATOGRAPHY, 3 VOLL. - TRADUZIOHE
P.H. SCOTI, BUTTERWIRTHS, LONDON, 1963//TRANCHAET J. BANUEL
PRATIQUE DE CHROHATOGRAPHIB EN PHASE GISEUSE, WASSIR, PABRIS, 1964.

-SOURCE IKPORMATION=

CURPORATE SJOURC:Z -
' MINISTZRO DELLA UIFESA ABRONAUTICA, ITALY
JOURNAL PROCEZDINGS -
FIV. FED. AERONAUT. PAZ. voL 28, 26-“5 (JAN-HAR 1965)
O HER INFORHATION - - =
’ 0020 PAGES, 0013 ?IGURES, 0000 TABLBS. 0003 REFERENCES -
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keys 287 through 288

ANALYSIS P0R TRACE HYDROCARBON CONTAMINANTS IN OXYGEN
BEBOILERS

byA

LINDE,H. W,
SCRMAUCH, G, E. -

00,0066

SECURITY CLASS ACCESS -LEVEL ~© _PEPORT cnasé ENTRY EVAL.
1/Unrestricted Unlisited : Suasmary © - -Acceptable
-ABSTRACT-

IN counzcrton"<ﬁifﬁ‘“}“*?iocaiawrd"'Smnox THE CONCENTRALIONS OF

HY DROCARBON CONTANINANTS IN OXYGEN REBOILERS, A GAS .

CHRONATOGRAPHIC TECHNIQUE WAS DEVELOPED TO MEASURE C(3) THROUGH

~2(6) HYDROCARBON AT THE 1 TO 15 PART-PER-BILLION LEVEL 1IN
" VAPORIZED LOX SAMPLES. THE PROCEDURE CONSISTED O7 PASSING A LARGE

VOLUNEZ OF OXYGEN (3-15 LITERS) THROUGH A SHIRT ALUNMINA ADSORPTION
COL7MN COJLED TJ -78° DEGREBES C FOLLOWING WHICH THE ADSORPrION
COLUMN WAS SWITCHED INTO A GAS CHROMATOGRAPH CARRIER GAS STREAN,
THE COOLANT WAS REMOVED AND .THE COLUMN IMMERSED IN WATBER Ar 95
VESREBES C, THE HYDROCARBON CONTAMINAATS ELUTED PRJIM THE ADSORPTION
COLUAN WEBRE CHROMATOGRAPHED ON.A 12-POOT DIBUTYL MALEATE COLUNN AT

40 DEGREES C. A SINGLE ANALYSIS COULD BE PERFORMED IN 30 MINUTES.

~ FHE-BBEBOILERS JF POUR "OXYGEN PLANTS - HERE SAMPLED A! WEEKLY

[NTERVALS OVER A SEVERAL MCNTH PERIOD. PROPANE WAS REGULARLY
FOUED I  CONCENTRATIONS AS HIGH.AS 2300 PPB EACH WHILE THE
PERTANZS ABD HEXAKES WERE ORDINARILY BELOW THE DETACTABLE LINITS
BUT OCCASIONALLY ROSE TO THE 20 PPB. RANGE. :

-PERTINENT FIGUPRS-
PIS.1 MODIFIED GAS CHROMATOGRAPH, ' PAGE 368//FIG.2 FLOW DIAGRAHN,
PAGE 368// FPI3.3 CHROMATOGRAMN OF -STANDARD GAS BLEND, PAGE
370//TAB.1 LINITS OF HYDROCARBON DETECTION, PAGE 369//TAB, 2
HYDROCAREONS IN REBOILER LCX, PAGE 371 |
_-BIBLIOGRAPHY-"
. : ' 5
N. BFENNEP AND L. S. ZTTRE, ANKAL., CHEM. 31. 1815, 1959//F. T.
E3GZBTSEN AND 2. M. NELSON, ANAL. CHEH. 30. 1040, 1958//C. A.

SAULIN, E. R MICHAELSEN, A. B. ALEXANDER, JR., AND R, W. SAVER,
CHEY. 2KG. PROGRIESS S4. NO. 9, 48,.1958
. O

-SOURCE IN?OPﬂAéION-
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CORPORATE SJOURCZ -~

AIR PRODUCTS ANLC CHENICALS, INC., ALLENTOWN, PA.

JOURNAL PROCEEDINGS -

_ADVANCES IN CRYOG. ENG, VOL 11, 367-71 (PROC. OF 1965 CRYOG.
ENG. CONP., 11TH, HOUSTON, TEX, AUG 23-5, 19535 .

PUBLISHER =~ o
: PLENUM PRESS, N.Y.
OTHER INFCIMATION -
.0005 PAGES, 0003 FIGURES,

0002 TABLis, 0003 REPERENCES
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kevys 419 through 421

SAMPLING AND ANALYSIS OF LIQUID OXYGEN, SUPPLEMENT TO
- SUMBARY PRCGRESS REPORT NO. 4

by
ENT,W.L.
07/00/60
FA
SECURITY CLAS3 - = ACCESS LEVEL PEPORT CLASS ENTRY ZVAL.
U/Unrestricted . - NTIS ) . Summary ' Good/Excel.

_ =“ABSTRACT-

THIS SUPPLEMENTAL REPORT "TO - THE STUDY OF LIQUID OXYGEN

CONTAMINATION DISCUSSES THE SAMPLING TECHNIQUES AND ANALYTICAL

‘METHODS WHICH HAVE BEEN USED 1IN BOTH THE PRODUCTION AND USE OF

LIQUID OXYGEN. THE SAKPLING “TETHNIQHES - AND ANALYTICAL METHODS
WHICH AKE NEED2D AND USED HAVE BSEN ESTABLISHED TO HEET THE
REQUIREMENTS OF SEVEFRAL DIFFERENT ASPECTS OF THE PROBLEM, SUCH AS,

MONITORING FOR OXYGEN PURITY, MAINTENANCE OF COMBNSTIBLES BELOW

".DANSEROUS CONCTENTRATION LEVELS, CONTRCL OF SOLUBLE CONTAMINANTS,

”~

.AND CONTROL ©O? SUSPENDEC OR CONTAINED SOLID. SAMPLING AND

"ANALYTICAL TECHNIQUES WHICH ARE THE MOST ACCURATE, SENSITIVE, AND

RELIABLE OJF THOSE METHODS DISCUSSED, ARE RECOMMERDED. THE

RECOMMENDED- TETHNIQUES COVER PURITY, TOTAL HYDROCARBON, CARBOK .

DIOXIDE, ACETYLZNE, WATER, ARD PARTICULATES FOR BOTH PRODOCI IOHR
STREANS, AND LIQUID IN STORAGE.

-PERTINENT FIGUFES-

£IG.1 SAMPLING METHODS, PAGES 11, 12, AND 13//PIG.2 ORSAT D XYGEN
IBST, PAGE 22//PIG.3 DEW POINT TEMPERATURE OF WATER VAPOR IN AILR,

PASE 29//TAB.1 SELECTED PHYSICAL-CHEMICAL PROPERTIES OP LIQUID - -

OLYGEN CONTAMINANTS, PAGE 3 //ThB.2 CO(2) CONTANYHATION SIrODY AT
MARTIN-DENVER 75 T/D LIQUID OXYGEN FACILITY, PAGE 16//TAB.3
TYPICAL CONTAMINANT CONCENTRATIONS IN HIGH PURITY LOX, PAGE 26

-BIBLIOGRAPH Y~

'HOD3MAN, C. D., EDITOR~IN-CHIEF, HANDBOOK OF CHENISIRY AND

-PHYSICS, FORTIZTH EDITION, JCHEMICAL RUBBER POUBLISHING COMPANY,

CLEVELAND, JDHID// MCYXINLEY, C. AND HIMMELBERGER, F., OXYGEN PLANT
SAFETY PRINCIPLES, CHEMICAL ENGINEERING PROGRESS, MARCH 1957, Pp.

"~ 112-M//Z1EGLER, W. T., THE VAPOR PRESSURZS OF SOME HYDROCARBONS -IN

I Y e ek R,

THE LIQUID AND SOLID STATE AT LOW EMPERATURES, U.S. DEPARTMENT OF
COMMERCE, NATIONAL BUREAU OF STANDARDS, TECHNICAL NOTE ¥O. 4, MAY

- 1959//LANG, N. A. (ED.) HANDBROOK oF CHEMISTRY, HANDBOOK

PUBLISHEFS, INCIRPORATED, SANDUSKY, CHIO, 1952, P.- 1584//BAILEY,

B. M., VIGNLLE, V. J., ANL STERNER, C. J., STOUDY JOF LIQUID OXYGEN

139

et



ATV T IR

R

CONTAMINATION, SUMMARY PROGRESS . REPORT NO. &, AIR PRODUITS,
INCORPORATED, CONTRACT NO. AP 33(616)-6730, ARDC, USAF, BDWARDS
AFB, CALIFORNIA, JGLY 1960, APPEEDIX V//PEDERAL SPECIPICATIOS
8B-0-925, OKYGEN, 59.5 PERCENT GAS -AND onuxo, SEPTEMBER 16, 1954,
REVISED JUNE, 1957, PARAGRAPH 4.2.3 ,

- SOURCE INPQRHATIOI-

ZOPPORATL SOURCE -
AIR PRODUCTS, INC., ALLENTOHN, PA.
REPORT NUMBER - - o
AD-253232. - o T oo
SPONSOR - '
AIR FORCE ZLIGHT T=sr CENTER, EDHARDS APB, CALIF.,
ZONTRACT NUMBER -
CONTRACT A7 33(€16)- 6730
OTHER INFORMATIONK - - - 4
004Y8 PAGES, 0003 FIGURES, 0003 Iasnas. ooos REPERENCES

op POIZ(;'AL PAGE 15
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keys w46 through 450
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CANALYTICAL AND SAMPLING TECHNIOUES

& uAn
SL

£ "

1 ENT,¥.L.

ke

i 07/00/59

e R
N SECURITY CLASS ACZE3S LEVZSL ~ (PEPOET CLASS - ENTRY EVAL.

L .° U/Unrestricted Urlimited - - Sumsary - Good/Excel.
o ) | o

e -ABSTRACT-

VARIOUS INSTRUMZNTS FOR AND METHODS, OF CONTAMINATION ‘ANALYSIS ARE
DESCRIBED. A M2THOD 02 CONCENTRATING CONTAMINANTS FROM ADSORBENT
RESENERATION GAS 1S PRZSENTED. A TOTAL HYDROCARBON ANALYZER T HAT
OXIDIZES HYDROCAPBONS TO CO(2), WHICH IS THEN SENSED WITH AN
INFRARED DETECTIR IS DISCRIBED-A-QUICK¥ KETHOD OF SPOT CHECKING
20R ACETYLENE CONT RMINATION 1IN Luo¥x IS DESCRIBED. A  FAST,
CONTINGONS PLD4 RETHOD. POR  MEZASOURING: THE  SURFACE AREA .OF
ADSORBENTS IS -GIVEN- _AND AN ~ APPARATUS FOR  OJBTAINING A
REPRESENTATIVE GAS SAMPLE FROM A LIONID STREAM IS REVIEWED. A
DSTOMNATION WHICH OCCURRED IN THE HEMT EXCHANGERL OP A HYDROGEN
LIQUEPACTION PLANT IS REVIEWED. IT WAS DETERMINED APTER EXTENSIVE
TESTS THAT N(2)O AND NOI £0O(2) WAS THZ MAJOR CONTAMINANT IN THE
HEAT EXCHANGEF. FURTHER EXPERIMENTAL TESTS"REVEALED THAT N{2)0O IS
JUST AS GOCOD AN OXIDANT AS OXYGEN AND WILL DETONATE WHEN MIXED
4ITH HYDFOGEN IN THE PRORZP PPROPORTIONS. A SPECIAL CATALYST WAS
USED TO CATALYTICALLY CONVERT THE N(2)G TO NITROGEN AND WATER IN A
- HY DROGEN-- ATNJDSPHERE AND AN INFRARED ANALYZER WAS 'USED PO DETECT
- N(2)0 IMPURITIES. ' o ' T ' '

A LTI

s

~ -PERTINENT FIGURES-

FPIG. 1. FLOW DIAGRAM, HYDROGEN PURIFICATION SYSTEM, PAGE S8//FIG.2
FLON DIAGRAM, SAMPLING PROCEDURE, PAGE 59//FPIG.3 PLOY¥ 'DIAGRAN,
CONTAMINANT CONCENTRATICN APPARATHS, - PAGE S9//FIG.Y4 TYPICAL

~NITROUS OXIDE ZONTENT MONITORING CHART FROM INPRARED ° ANALYZER,
PAGE 60//°13.5 PLOW DIAGRAN, CONTINUDUS pLOM
BRUNAUER-EMMETT-TELLER ADPPARATUS, PAGE 62//FPIG. PLOV DIAGRAMN,
PORTABLE HYDROCARBON ANALYZER, PAGE .63 : :
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CORPORATE SJURCZ =

i . AIR PRODUCIS ANI CHEMICALS, INC., ALLENTOWN, PA.

2 JOURNAL PROCEZDINGS -

& CRYUG. SAFETY CONF., PROC. OF., SZ2VINAR NO. 1, S7-68,
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DBiER REACTIVATION CYCLE, PAGE 123//71G.5 ADSIORPTIVE CAPX

tey 477
ADSORBER AND CRIER OPERATION AND MAINTENANCE
by

MOODY,E.E.

07/00/59 .
SECURITY CLASS. ACCESS LEVEL EEPORT CLASS ENTIY EVAL.
J/tarestricted - Unlimited - Suumargy Accsptable
~ABSTRAC T~

ADSORBENTS ARE NO LJONGEZR USED POR DRYING APPLICATIONS OILY,'B“T

‘A2 NOW USED EXTENSIVELY IOR SELECTIVELY RENMOVING CONTRININANTS

5UCH AS CJO(2), NITROGEN COMPOUNDS, AND HYDROCARBONS FIOM GAS

PROZESS.STHEAMS. THE ADSORPTION CHARACTERISTICS AND CAPACITIES OF

SEVZRAL ALUMINA COMPOUNDS ARE DISCUSSED.  'SILICA GEL IS SORMALLY
Usgp - TC ADSORB HYDROCAREONS FROM CRUDE LDOX STREAES, THE
ADSORPTION CAPACITY OF SILICA GEL FOR SOME OF THE LIGHTER

‘A YDROCAREONS AT 90 K IS GIVEN. THE DESORPTION CHARACTERISTICS OF

'BE LIGHTEP HYDROCARBONS FROM SILICA GEL ADSORBERS AT VARIOUS
TEBPERATURES AR% DISCNSSED. THE OPERATING PRINCIPLES OF 3PEN AND
CLOSED DRIER REACTIVATION CYCLES ARE DISCUSSED. MANY AS22CTS OF
YATER ANL HYDROZARBON K ADSORETION AND DESORPTION ARE DISCBSSED AT
THE END OF THE ARTICLE. QUESTIONS. CONCERNING THE . ADSORPI ION
SY4ARACTERISTICS OF THE VARIOUS. ADSORBENTS, ‘REACTIVATION
TEMPERATORES, DEW POINTS PROE DRYERS, ADSORBENT REACIIVATION
TI®ES, OIL  CONTIMINATION, AND _ ADSORBENT DETERIORATION ARE
AKSWERED. - : : RO

_ - e
~PERTINENT PIGURES~- '

PI5.1 DIAGRAM OF AIR SEPARATION CYCLE, PAGE . T21//PIG.2
MOISTURE-HOLDIN3 COMPARISON CURVES FOF %-1) AND H-151 ALUMISA, PAGE
122//F1G.3 OPEN DRIER REACTIVATION CYCLE, PAGE 122//PIG.%-CLOSED

| CAPAZITIES,
PAGE 124//F1G.6 HYDROZAPEON CONTENT OF.ADSORSER REACTIVATION GAS,
PASE 12U . - a5

-BIBLIOGRAPHY - g
ACTIVATZD AND CATALYTIZ ALUARIRAS, -ALUBINGH CORPANY, OF .AAERICA,
PIZTSBURGH, PENNSYLVANIA, SECTION GB2A, JUNE 1, 1955/7/DEHYDRAT ION
OF AIR AND GAS WITH DAVISCN SILICA GEL, DAVISIN CHEBICAL CO.,
BALT IMORE, MARYLAND, TECHNICAL  BOLLETIN 202,.. .YAPRIL,
1958 //HEINEMANN, F. AND HEINEMANN, H., PHYSICAL PROPERTIES OF
AUSORBENTS AND CATALYSTS, PETROLEUM REPINER, VY33, P 159-161, JUNE,
1354 /HSU, A. C. T. AND MCKINLEY, C., ADSORPTIVE PURIPIZATION OF
LIOWID OXYGEN, ?RESENTED AT LOW-TEMPERATURE PROCESSING SYIPOSIUM,
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AICHE, CINCINNATI, OHIO, DECEMBER, 1958//MCKINLEY, <. AND WANG, EZ.
S.e Jeo ?}DROC&RHON OXYGEN SYSTEMS SOLUBILITY, PRES ENTED BY
CRYOGENIZ " ENGINEERINC CCVEERBNC NBS, CAMBRIDGZ, MASSACHUSETTS,
SZETEMBEER, 1958 . -

~SQOURCE- INPORMATION~

JOURNAL'PEOLEaDIHGS - g , _— .
CRYOG: SAF2TY CZONF, '9 0Z. OF., SESSION 9, 121-7, ALLINTOWN,
PA. . JUL 1959 : v IR .
PUBLISHEE = S
AIR PRODUL?S, INy.{ ALLENTOHN, PA.
JTEZR INZFORMATION = ’ S
0007 PAGES, 0006 FIGURES, C00C TABLES, 0005 REFERENCES
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keys 556 through 557

ANALYSIS JF HYDROCARBON INPURITIES IN OXYGEN PLAN‘ STRTANS
. ’ BY GAS CHROMATOGEAPHY v

by
PARKS,J.C.
HINKLE, E. K.
00.700/63
SECURITY CLASS  ACIESS LEVEL ~  FERORT CLASS - ENTRY EVAL.
J/Unrestricteid Jnlimited - . .Summacy - Good/ Excel.
-ABSTRACT= -

4YDROCAREONS IN GEN:RAL, AND ACETYLENE IN PARTICULAR, PRESENT A
V ERY SPECIAL HAZARD WHEN PRESENT AS INPURITIES AT THE
PAPTS-PFER-MILLIDN LBV3L IN LIOUID OXIGEN PLART STFEa#S. - POR THIS
REASON SGME TYP2 OF XMITOMATIC, CONTINNCUS PROCESS INSTRUMENTATION
[5 DESIFED WHICH STRVES AS A HYDROCARBON MONITOR. ACETYLENE
ANALYSIS HAS BEZN ASSIGNED THE HIGHEST PRIORITY IN THIS ARTICLE
dHILE THE MONITIRING OF OTHPER LIGHT HYDROCARBONS IS OF INTEREST
PROVID:ZD THEY AREF;READILY DETECTABLE. TH4J INSTRUBRENT TYPES,
PROCESS INFRARE)D AND. . PROCESS GAS CHROMATOGRAPHY WITH A HIGH
SENSITIVITY DET2CTOR, APPEARED ADEQUATE FOR SUCH Au ANALYSIS. AT
THE TIME ACTIV2 STUDY BEGAN ON THIS APPLICATION »ONSIDERABLE "4 ORK
{AD BEEN DONE BY VARIO'"S INSTRUMENT COMPANIES IN UPGRADING PROZESS
INFRARED ANALYZ2RS.TO SUZH A DEGREE THAT THE DESIRED RELIABILITY
AND ACETYLENE D2TECTION LIMIT COULD BE OBTAINED. WITH ALL THF WORK
THAT HAD BEEN JONE, THE BEST OSTAINZBLE INFRARED ANALYZER HAS
ZONSIDERED MARGINAL AT BEST FOR THE PROPOSED APPLICATION. PROZESS
CHROMATOG®APHY 4ITH A HIGH SENSITIVITY - TYPE IONIZATION DETECTOPR
WAS JUST 3ECOMING AVAILAELE AS THE STUDY BEGAN, DETECTORS JF THIS
TYPE WEEE PERPORYMING OQUITE SATISPACTORILY IN LABORATORY TYPE
Z4ROMATOGRAPHS BUT GNATTENDED CONT INHOUS PROCESS TYPE INSTRUMENT
APPLICATIONS TWIRE” BOTH QONITE N:¥ AND FE2¥ IN HUMBER. HOWEVER,
INCREASEL SENSITIVITY ANL PEE ABILITY TO MONITOR HORE THAN A
SINGLE COMPONENT WEPES TWO PACTORS FPAVORING CHROMATOGRAPHY ' OVER
INFRARED ANALYSIS.~WHEN A CCMMERCIAL PROCESS CHRINATOGRAPH WITH A
HY DROGEN FLAME DETECTOR BECAME AVAILABLE ON A CONSIGNMENT BASIS
THE DECISION TO NSE CHRCMATOGRAPHY, AS OPPJISED T) INPRARED, WAS
YADE. : ! :

-PERTINENT FISURES-.
FIG.1 vOLUHN CONFILGUFATION FOR SEPARATING DESIRED “QHPONENI:, PAGE
33//F15.2 SECTID)N OF RRCORDZR CHART WITH SEVERAL CIMPLETE ANALYSES
suouu. EAGE 337/ TIG.3 ZRESH AIR PEED SAMPLE -SYSTEN, . PAGE
34//P1G.4  VAPORIZER DEVELGPED FOR SYSTEM ELININATED SAEPLING
. PROBLEMS, PAGE 35//?1 .5 OVER-ALL LIQUID OXYGEN SABPLE 3YSPEN,
PASE 35. - o
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-BIBLIOGRAPHY= -

PARKS, J. C. AND HINKLE, E. A. A NEW CALIBRATION METHOD POR
PRGCESS GAS CHROMATOGBRAPHY, 1ISA 8TH ANNUAL SYMPOSIGHM - ON
INSTRUMENTAL METHODS OF AHNALYSIS, CHARLESTONW, ¥.. ¥A., APRIL 30 --
MAY 2, 1962 - - ' T : B

~SOGRCE INFORHATION- -

CORPOPRATE SJIURCE - . : S
- . MONSAKTO CJ3., TEXAS CITY, TEX. : : :
‘JOURNAL PROCI.DINGS - e
SAPETY IN AIR AND AFMONIA PLANTS, VOL 5, 32-6 (PROC. 0P A~
SY4P. AT DSNVER, COLO., ATG 26-9, 1962) . R
PUBLISHER - ST .
AMBERICAN INSTITUTE OF CHEZMICAL ENGINEERS, NEW YORK
OTHER INPORMATION - e )
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keys U542 ;h:ouqh 4545

R4ALYZING LIQUID O({2) FOR CONTAMINANTS
by

MCDONNELL, R.G.,J3.
GLASS,J.A.
LAUES, G.W.

00/00/67

SECURITY CLASS  ACI2SS LEVEL FE20RT CLASS "ENTRY EVAL.
~JsUnrestricted nlimitad Incremental Good/ Excel.

-~ABSTRACT-

T4LS REPORT CONIEFNS AN INFRARED METHOD FOR SPIOT SAMPLE ANALYSIS
JF LINUID OJXYGEN FORP NITROUS OXIDE, CARBON:.DIDZIDE... AND. SOME
1Y LROCARBONS. THE METHID WAS DEVELOPED TO IDENTIFY AND MEASURE
CUNTANMI NANTS EN?ERING AND CCNCENTFATING IN AIR SEPARATION PLANTS,
" IT PROVIDED CLU3S WHICH LED TO THE ASSIGNMENT OFP .CAUSE OF A
REBOILER EXPLOSION DUE TO THE DEPOSITICGN OF CO- C?YSTALS OF NITROUS
JXIDE AND ACETYLENE IN LIQUID OXY3EN,

A

-SOURCE INFORMATION-

ZORPORATE SOURCE - , . s
MONSANTO C)., TEXAS CITY, TEX. T

JOURNAL PROCEEDINGS - - S ceoeesNT e
SAFETY  IN AIR AND AMMONIA' PLANTS, VOL 9, 6-9 (PRCC.  OF THE
11TH ANNOAL SYME, 1966) . :

PUBL ISHER -

AMERICAN INSTITUTE OF CHBHICBL ENGIKEERS, N.Y. . .
Or HER INFORMATION - LTS s
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' keys 8555 through 4558
EYALUATION QF L;QUIB OXYGEN SAMPLER (TTU-131/3)
by.

MCNANARA, ¥, D.

12/00/65
SECURITY CLASS " ACJE3S LEVEL - PEPORT CLASS CENTRY EVAL.
J/sionfilential sevt./Ccatr. . - fammagv . Poor

-ABSTR:C -

(UNCLASSIFIED) A REPORT CF CCHMPARISON TESTS BETWEEN 0.S. AIR FORCE
CRYOGENIC SAMNPLZRS AP MDD 4 AND TTU 131/B. NINE CONCURRENT SANPLES
WEBE TAKEN WITH EACH SANPLER. IT WAS POUND THAT THE TTN 131/E WS
A SOUPERIOR SANPLER AND SHOULD BE ADOPTED BY THE CANADIAN AIR PORCE
PROVIDED CERTAIN <CHANGES ARE -MADE IN THE EOUIPMENE  AND

INSTRUCTIONS.

-PERT INENT FIGURES-'

FIG.6-1 CRYOGENIC SAMPLER, TYPE TTU 131/B, -EXPLODED VIEW//FIG.5

LIQUID BATCH SAMPLER ASSEMPBLY, MODEL U4, EXPLODED VIZEW//TAB. 1

JUSING TTU 131/E SANMPLZIRS

-SONRCE INFORMATION-
'CORPORATE SJURCZ -

MEDICINE S
REPORT NUMBER - :
65-TH=6//A2~ 39T9ul
CONTRACT NUMBZR -
, ASCC-TPA-U491- 14
UTHER INFORMATION - o :
' 0014 PAGZS, 0CNu FIGURES,” 0006 TABLES, 0000 REPERENCES

« e

o

Al
OI‘POOR Qflcrls
Aliry

“1u8

CZOMPARISON OT SAMPLZE HANDLING CHAFALIERISTICS//TAB 2 DISTRIBUTION
‘Of SAMPLES 5Y LOCATIJDN//TAB.3 FESUH“ Of LIQUID OXYGEN SAMPLING

CANADIAN FORCES M&DICAL SEFVICE, TORONTO. INST. OF AVIATION
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keys 5347 througa 5348
ZOMPOSITION AND ANALYSIS OF CO!ﬁERCIAL'LIQUID OXYGEN
bv

SKITH,C.P.

2CONOMICALLY PEBASIBLE TO COSPLETELY REMOVE THENM. THIS ABRTICLE SEKETS
7ORTH THE CONPOSITICN OF COMMBECIAL "LiGG I Jstss--aggnsss:axass
METHODS O} PURIZICATION AND ANALYSIS. ‘

~PERTINENT FIGURES~

TAE.2 MAXTHRUM LIMITS OF CONTAMINANTS 7ZOR BREATHING OXYGER LIQUID
AND MISSILE PROPELLAN™ OXYGEN, PASE 506

-EIBLIOGRAPHY-

‘2. GLUECKAUF, THE COMPOSITION OF ATHOSPHERIC AIR, COMPEEDIOM OF

METZOROLGY, AM. METBEOR. SOC., BOSTON .~ (1951)//C. P. SAITH,
ANALYTICAL METHODS FOR LIQUID OXYGEN, 1958 CRYOGENIC ENGIEEERING
CONPERENCE PROCZEDINGS. S

-SOORZE INPORRATION-

ZORPORATE SOURCEZ -
LINDE CJ., TONAWANDA, N.Y.
JOURNAL PROCEEDINGS - ' :
ADVAN. IN CRYOG. ENG. VOL S, 585-8 (1960) (PROC. OF CRYOG.
ENG. CONFf., STH, BERKELEY, CALIF., SEP 2-4, 1959)
OT HER INFOPMATION - .
0004 PAGES, 0001 FIGURES, 0002 TABLZS, 0002 REPERENCES
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I 00/00/60
'SECURITY CLASS ACCESS LEVEL REPORT CLASS ~ ENTRY BVAL.
J/Unrestricted fnlimited Summacy - Good/Excel. -
-ABSTRACT~

. ZORBIGN MNATERIALS 1IN LIQUID OXYGEN NORWALLY COME PROA THE
. AIMOSPHERE AND FROM THE PRODUCTION PROCESS WHERE IT IS NOT
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Feys 5377 throuqh 5379

"SAFFLING .AND ANALYSIS PROCEDURE FOR DETERMINING LIQUID
OXYGEN ‘ONTAFINA*ION IN .THE JUPITLR WEAPONS SYSTEN

by"

. 3ORTE,D.A.
CKARTI, K.A.

T v 07726761

SECUFITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL.
U/Unrestricted NTIS - . Summary Acceptable

-ABSTRACT-

PROCEDURES ARE SET FORTH POR DETF MINING LIQUID OKYGEH (LOXL'
CONTAMINATION IN THE JUPITER MISSILE WEAPUNS SYSTEM. INSTRUCTIONS )
APE ESTABLISHED FOR THZ OQUALITY CONTROL 0OF LIOUID JXYGEN USED AS AT

PROPELLANT TN THE s4738 HISSILE.

~SOURCE INPORMATION-

° ZORPORATE SCURCZ - -
"CRYSLER CO3F., DETROIT, MICH.
RE PORT NUMBER =~
AD-290896//T*~HE-425-J
SPONSOR =~

MOBILE AIR FATSRIAL ARFA, BFOOKLEY AFB, ALA. "' ': S

<UNTRACT NUMBEZR -
CONTRACT AF-35620
UTHZR INFOEMATION -
‘ 0043 PAGES, 0008 FIGNRES, (€020 TABLES, 0000 REPERENCES -
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keys 5540 throuqh 5541

'SAMPLIN; AND ANALYSIS OF ATMOSPHERIC CONTAMINANTS

bv
CONKLE,J.P.
02/00/66 * -
SECURITY CLASS  ACTESS LEVEL . - REPORT CLASS  ° ENTRY LVAL.
Jsénrestricted Unlimited - Incremental Good/Excel.
" -ABSTRAT-

YEANS OF DETEZTION AND OQUANTITATION OF CONTAMINANTS I¥ CLOSED
BCOLOGICAL SYSTEMS ARE DISCUSSED. ATHOSPHERIC CONTANINANTS HAVE
3¢EN IDEKTIFIED, QUANTITATED, AND SUSPECTED PROM STUDIBS CONDUCTED
ON NUCLEAR SUBMARINES, SPACECRAFT AND SIBULATORS.™-:AT - THZ. USAP
SCHOOL 'OF AERJDSPACZ MEDICINE, TECHNIQUES HAVE BEEN DEVELCPED FOR
SAMPLING AND GRNSSLY IDENTIFYING CONTAMINANTS THAT TEND TO O2ZUR
IN SIMMLATORS. THIS INZLUDES SAMPLES OBTAINED NOT ONLY DURING
NOKMAL ~ CONDITIONS, BSUT ALSO DURING. ABNORMAL CONDITIONS AS
CHARACTERIZZD 3Y A FIRE DURINS ONE OF THE EXPERINENTS.
2XPERIMENTAL DATAR ARF REPORTED. <CONTAMINANT LEVELS ALS) HAVE BEZEN
EXPLOREZD 1IN OTHER GROUNG-BASED SIMULATORS. FOR EXAMPLE,- ONE
EXPERIMENT CONDUCTEL" AT SOEING WAS TERMINATED DUE T0 EXJESS
SONTAMINANT LEVSLS . WHICH PRODNWCE PHYSIOLOGICAL ABNORMALITIES. A
COMPLETE KNOWLEDGE OF TEE CONTAMINANT PROBLEM IS, THEREF2RE,
INPORTANT. TO DETEPMINF THE TCXICOLOSICAL ASPECTS AND ESPABLISH
THRSSHOLL - LIMIT VALUES (TLV) FOR THE LONG-TERM CLOSED ECOLOGIZAL
SYSTEM, IT IS NECESSARY TO IDZNTIFY AND QUANTITATE THE ATMOS PHERIC
SONTAMINANTS WITHIN THE SYSTEM. TECHNIOURS TO JOBTAIN SAMNPLES WITH

"SUFFICIENT CONCZ2ZNTRATION OF CONTAMINANTIS TO PERNMIT ANALYSIS ARE
_INCLUDED. .

-PE2T INENT FIGURES-

.TAB.1 COMPDUNDS ISOLATED FROM A SEALED ATMOSPHERE DUBING A Flhf,

PAGE 255// TAB.2 DISTRIRUTION OF COMPOUNDS 3Y TRAPPING CYLINDER
TEMPERATURE, PAGE 256// TAB.2 PR7ISHULTS OF PRELIMINARY EVALUATION,

EFFICIEKCY AND RECOVERY, PAGE 257// TAB.4 ANIMAL EXPERIMENT

CONTAMINANT AND CONCENTRATICN AT GROUND LEVEL, PAGE 258//TAB.S
ANINAL EXPERIMSNT CONTAMINANT AND CONCENTRATION AT  REDUCED
PRESSURE, PAGE 259//FIR.3 ISOLATION SYSTEM FIR NICRO-CONSTITUENTS
"IN A SSALED ATMISPFHZRZ, PAGE 261 : iy

- SOURCE INFORNATION-
CORPORATE SOURCZ -
AEPOSPAGE MEDICAL DIV., BROOKS AFB, TEX.
_REPORT NUMBZR ~
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JOURNAL PROCEEDINGS - _ A
ATMCSPHERIZ- CONTAMINATION IN CONFINED SPACES CONF.,
248-267, DAYTON, O4IO, MAK 30-APR 1, 1965

OTHZR INFORMATION - o
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LIQUID OXYGEN SAHPLER EVALUATION. '
by

WRIGHT,E.R.
EERLNAN, M.

12/31/69
SLCMRITY. CLASS  ACI2SS LEVEL ' REPORT CLASS.  ENTRY. EVAL.
J/70ther Govt./Lontr. Sumamary . ~ Acceptable .

-ABSTRACT=

A COMPFARATIVE ANALYSIS OF NAVY, AIF FORCE AND ‘A RECENTLY DEVELOPRED
COMMEFCIAL LIONID OXYSFN SAMPLER WAS -MADE. - EYALUATIOE-2PF-.-THRE..

'SAMPLERS WAS YADE ON THE BASIS OF EFFICIENCY, RELIABILITY,

SONVENIENCE, SAFETY AND COST.

-PERTINENT FIGURES-

FABb.1 TEST RTZ5ULTS. OF SAMPLING PAGE 7//FIG.1 LIQUID OXY3SEN .
SAMPLING WITH NAVY 5-276 SAMPLING "SYSTEM PAGE 8//FIG.2 SANPLER ~
PREPARED FOR SAMPLING FAGE 9//FIG.3 PICTIRIAL SCHEMATIC OF
<RYOGENIC SAMPLEF PAS2 10,/fIG.4 SAMPLE BOTTLE PAGE 11//FI1G.5S
ZXT2RNAL VIZW 2F SAMPLER PAGE 12//FIG.6 BENDIX GU=-137-AL SAHPLEP
AND GU-138-AL CYLINDER PAGEZ 13//FIG.7 UNDERSIDE VIEW OF " GU-937-AL

" SAMPLER FAGE 14//FIG.3 SENDIX GU-138-AL SANPLER CYLINDER PASE 15

_~SOURCE INFOFMATION=-

CORPORATE SOURCS -

NAVAL AIR DEVELCPMENT CENTEK, JOHNSVILLE, PA,
REPORT NUMBER - _
. NADC-~MA-6956//AC~870165L
Ol HER INFORMATION =
0015 PAGzS, C0N8 FIGHRES, 0001 TABLES, 0000 REPERENCES
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keys 6685 through 6686

INHOMOGENEITY OF OXYGEN SAMPLES IN THE COSHJD!NE Cs-4.4
SANRPLER

by.

VAN SOMEREN,H.
BECK'HQC-

103/00/68

sa GRLTY CLASS. 'ACCESS LEVEL BEPORT CLASS "ENTRY EVAL.

"

U/Other Gevt./Centr, Summary Acceptable

-ABSTRACT-

IT WAS FOUND THAT THE DETERMINATION OF CONTAMINANTS IN LTIQUID

OXYGEN SAMPLES TAKEN WITH THEZ COSNODYNE CS-4,4 SAWPLER IN SOEE
INSTANCES GIVES IRREPRODUCIELE VALUES. THE BFFECT WAS FOIND TO BE
DUE TO A PRACTIJINATION PROCESS OF THE LIQUID OXYGEN SAMPLE IN THE

SAMPLE. CUP. AN EXPERIMENTAL COUWFIRMATION COULD BE OBTAINED BY

DRAWING THE SAMPLE ZROM THE ZOSHODYNE THROOGH ONE’Ofp‘rHE SIDE
TUBES. AN ESTIMATE OF THE EPRORS IN THE REBSULT OF THE ANALYSES WA S
. GBTAINED BY CALZULATIONS ON SOME HYPOTHETICAL CASES.

S

-PERTINENT FIGURES~- :

TaB.1 AKALYSIS OF SANPLES, TAKEN VIA DIFFERENT OUTLETS OF THE
© COSMODYNE, PAGE 3//TAB.2 THE ANALYSIS OF SARPLES TAKEN FRON THE
COSMODYNE UNDIR DIFFERENT CONDITIONS, PAGE 4

-SOURCE INFORMATION-

ZORPOPATE SOURCZ - ) . -
NATIONAL DEFENSEZ RESEARCH ORGANIZATIOR TNO, THE RLRGUE,
NETHERLANDS . o

REPORT NUMBER -

‘ 196b-3//TD3K II 50651//AD-833438

OTHER INFORMATION - ’
000b PAGES, 0001 PIGURES, 00933 TABLES, 0000 RE?ERBNCES
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-HIGH ~PURITY PRODUCTS PROM AN AIR SEPARATION PLANT

]

3

5 by

e DINAPOLI, R.N.

i SASS,A.H.

£

g - " 00/09/70

%. . ] : e :

£ . “ 0 3CLCURITY CLASS ACCESS LEVEL - KEPORT CLASS ENTRY EVAL.

d .. U/Unrestricted Unlisited . - ~ Summary . Acceptable
~ABSTRACT-

CPHE- SIMULTANEOUS PRODUCTION OF HIGH 'PURITY DXYGEN, NITROGEN, AND
ARGON IS OFTEN REQUIRED FROM AIR SEPARATION PLANTS -TJ. MEET-TODAYS .
NEEDS -‘OF THE HILITARY, SPACE, AND JCCMNERCIAL MARKETS. DET AILED
PRODUCT SPECIFICATIONS AS DEVELOPED BY THE VARIDUS SEGMENTS OF THE

.. INDUSTRY ARE PRESENTED - TOGETHER WITH ACTUAL  PLANT PERFORMANCE
’g'OATA. GAS CHROMATOGEAPHY IS !ISED TO MEASURE INDIVIDUAL ZOMPONENT
- IMPURITIES IN DXYGEN AND TO MONITOR HYDROCARBON CONTENT AT VAIRICOS
% LUCATIONS WITHIN THE PLANT.

~PERTINENT FIGUPRES~-

I -
«~TAE.1 TYPICAL HIGH PURITY PRODUCT SPECIFICATIONS PAGE 10//TAB.3
™ 534S CHROMATOGRAPHIC ANALYSIS PAGE 12 _ - e R E -

-BIBLIOGRAPH Y~ - LN

. .Re E. LATIMEK, a.I.CH.E.J. 3(1), 75, 1957//R. J. HODGES AND R. Jo ' -
".BURCH, CFYOGENIZS, 6, 112, 1967//R. F. BARRON, CRYJIGENIC SYSTEMS, -'-*

MUGRAW-HILL 800K TO., EW YORK (1966), P. 107//J. H. PERRY, ED., .
CHEMICAL ENGINEFRS HANLCBCCK, M™CGRAW-HILL BDJK CJ., WNEW *YORK
(1950), P. 1711, _ S
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-SOURCE INPORMATI ON- ' o

ZORPORATE SOURCZ -

HA

ﬁ v AMFRICAN CRYOGENIZS, INC., ATLANTA, GA. CoL
& ' JOURNAL FROCEEDINGS - ' T
B ADVAN. CRY)G. ENG. VOL 15, 399-405 (PROC. CRYOG. ENG. CONPe, '
¢ - 5 15TH, LOS ANGELES, CALIF., JUN 16=-18, 1969 . ‘

a “PUBL ISHER - ' T

PLENUM PRESS, INC. e
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kavs 8279 through 8230

PORTHER CONTRIBUTION TO THE DETERHINATION OF POLLETANTS IN
AVIATIOR LIOUID OXYGER.

by
 CIANETTI,B.
PECCI, G, .
- 00,00/68 "
SECURITY CLASS ACCESS LEVEL {‘fﬁEPORT CLASS ENTRY EVAL.
J/Unrestricted Unlimited -Summary - Acceptable
~ABSTRACT~

REFINENENTS TO THE GAS ° CHROMATOGRPHIC METHID - OSED IR © PHE -~ -

DETERMINATION 2F  POLLOTANTS  IN .AYIATION LIQUID OXYGEN ARE
REBORTED. THE REFINEMENTS INVOLVE THE USE OF A COLUMN OF SQUALENE
WITH A LENGTH OP. 8. ® ANC A LCLIAMETER OF 6 TIMES S5 NM POR ANALYZING
ORGANIC POLLUTANTS.. THE INNOVATION CONSISTS IN THE FPACT THAT AN
ANALYSIS MADE ON THIS COLUMN IS FOLLOWED BY AROTHER ANALYSIS HADE.
ON ANOTHER COLUMN. WHICH IS FILLED WNITH FPLORISIL AND HAS A LENGTH:

- OF 30 CM ARD A OJIAMETZR OF 6 TIMES S MM. THE AMOUNTS OF ACETYLENE

" AND ETHYLERZ THAT CAN BE METEZRED ARE APPRECIABLY LESS THAN THOSE
PERMITTED BY TH® ACCEPTANCE SPECIPICATION. :

_-BIBLIOGRAPHY' -

 CIANETTY, E., PECCI,- Ga., SCUDERI, G., RIV. HED. AERON. E SP.,
1965, I, 28// TIANNITTI, V., PEZCI, G., RASS. CHIN., 1966,
- 3//IANNETTI, V., PECCI, G., FIV. MZC. AERON. E SP., 1967, I, 30.

-SCORCE INFORMATIOH~

~ CORPORATE SJURCZ - :
ﬁ ASRONAUTICA ° MILITARE, LABORATORI, DIVISIONE
CHIMICA-TECHNOLOGICA, ROME, ITALY. '
- JOURNAL PROCEEDINGS - _
. PIV. YED. AERON. SPAZIALE, VOL 31, 99-103 (JAN-BAR 1968).
" . OTHER UNFORMATION. < :
' ¢00S PAGES, 0003 FIGURES, 0000 TABLES, 0003 REPERSNCES
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CHECK JF DXYGEN PURITY FOR ON3OARD RESPIRATORS BY MEANS OF
IF ABSORPTION SPECTROPHOTOMETRY. (IN ITALIAN). »

by
MARANGONI ,C.

GIUSTI,A. . . . -
DICARLG, E. . - .

00/00/67
" SECYRITY CLASS ACCESS LEVEL - REPORT CLASS® = ENTRY EVAL.
~"J/Unrestricted Unlimited Incramental "- - Acceotable
~ABSTRACT-

:QrRICHLOROETHYLENE THAT MAY BE PRESENT IN THE- LIQUID OXYGEN OF
‘QMBOARD RESPIRATORS BY MEANS OFP I SPECTROPHOTOMETRY. THIS METHOD

T ALLOWS THE

SETERING OF THESE TWO <COMPOUNDS .- TO MBET THE
RSQUIREMENTS OJ7 SPECIPICATION ¥IL-0-27210-A, AS WELL AS THOSE OF
T4E ITALIAN AIR FORCE SPECIFICATION AM-N-532.

-PERTINEET FIGURES-

TIG.1 SYSTEM FJIP DIRZZT INJECTION PAGE 694//FPIG.2 SYSTEM FOR

[NJBCTION IN OXYGEN ~ 7LOW IN A HPATED CHANMBER PAGE 695//PIG.3 ..

PARTICULARS OF THE CSLL ANALYZEP PAGE 695//FIG.4 JIXYGEW SPECTR UM
4ITH IMPURITIES PAGE $H37//F1IG.5 SAMEZ AS FIG.4 EXCEPT WIrH CARBON
TZTRACHLORIDE AND TRICHLOFO ETHYLZNE PAGE 699. '

~SONRCE INPORMATION-

<ORPORATE SJURCZ - T
RERGNAUTICA MILITARE, LABOFATORI, RCME, ITALY.

JOURNAL PROCEEDINGS -~ y )
RIV. MED. AERON. SPAZIALB, VL 30, 693-703 (DEZ 1967).

OPHER INFORMATION -
001Y PAGRS, 0007 PIGURES, 0090 TABLES, 0000 REPERENCZES
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THZ DETERMINATION OF TRACE INPURITIES IN LIOUID OXYGEN FOR
RREATHING EY INFRA-RED METHODS  °

'by

CORBETT,J.K.

) 10/00/67
,szcusI*Y LLASS ACC2SS LEVEL ~ REPORT CLASS " ENTRY EVAL.
7/0ther = Geve./Ccentr., Incremental Good/ Excel.

-ABSTRACT~

A DOUBLE~BEAM INFRA-FED SPECT ROPHOTOMETER HAS BEEN MODIFIRD BY THE

_ADDITION OF A PAIR OF 4U METRE LONG-PATH CELLS AND JRDINATE SZALE. .
EXPANSIUx TD MAKE ~ POSSIBLE THE DETECTION AND QUANTITATIVE

DETERMINATION OF TRACES CF IMPURITIES IN LIQUID OXYGEN FOR
BREATHING., THE 2FFECTS OF PRESSURE BROADENING ARE CONSIDERED AND
THE LOVWER LIAITS ~ CF DETECIION ARE LISTED POR THE INPURITIES
JETEZRMINED. THIS SPECTROPHOTOMETER PROVIDES AN ACCURATE AND RAPID -
METHOD FOR THP DETESMINATICN OF THE TRACE INPURITIES IN LIQUID
OLYGEN POF BREATHING TO AIR STANDARD 14/9A. ONLY INFPRARED INACPIVE

"MOLZZULES SUCH AS NITROGEN, HELITN, ARGON, ET&. PRE INCAPABLE OF

DETECTION BRY THZ METHOD DZSCRIBED. :

-PERTIVEN* FIGURES~-

TAB.1 SPECTRCSCIPIC DATA  FOR IMPURITIES, PAGE ﬁ{/TAB.Z PQBSSUPE
BROADENING OF A CONSTANT "PARTIAL PRESSORE OF. <ETHYLENE, PAGE
5//TAB.3 PRESSURE SENSITIVITY, PAGE 6//TAB.6 CALIBPATION DATA FOR
5aSZS, PAGE 10//TAB.Y MINIMUM CLCETECTION LINITS, y¢

CONCENTRATIONS JOF IMPURITIES FOUND IN OXYGEN, PKQ

-BIBLIOSRAPH Y~

Je K. -CORBETT, INPRA-RED TRACE GAS ANALYSIS. PL?£8 DELIVERED AT
THE CHEMICAL INSPECTORATFE, A. D, CONFERENCE, DCT;%ER. 1965
. Can

-SOURCE INPORMATION-

CORPOPATEL SOUBCS - ' ¢
CYEWICAL INSPECTORATE, LONDON, ENGLAND . 3.

REPORT NUMBER - _ : 8
RPE~-THM=-L37//AD-826520 LA
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keys 9210 through 9213
AVIATORS BREATIING OXYGEN PRON AIRCRAPT CONVERTERS, .
) EVALOAT ION OF

-ABSTRACT-

TWO -SAMPLES JP AVIATORS BREATHING OXYS£H WERE ANALYZED POLLOWING

_ AN ACCIDENT 1IN WHICH A PILOT WAS KILLER.. THE LIQUID. OXYGEN:- HAD
": - BuEN OBTAINED PROM THE AIRCRAFT -CARRIFR USS RENNINGTON. THE
" SAMPLES .WERE TAXEN FROM LOX CONVERTERS OF AIECRAFT WHICH HAD
OBTAINED LOX FSOM THE BENNINGTON AT THE SAME TIME AS THE AIRCRAFT
JINVOLVED IN THE PATAL CRASH. THZ ~SAMPLES CONTALNED CONTAHINANTS

- “PAR IN EXCESS 0? THE YAXTMUNS ALLOWED UNDER SPECIFICATIONS. PILOT

- COMPLAINTS © OF BAD - ODORS, HIADACHES, VNAUSEA, AND LOSS OF
"'ZOORDINATION WE2IE ATTRIBUTED IO THE OXYGEN SUPPLY. IT IS SUGGESTED
THAT THE TOXIC 2FFECTS OF THE CONTAMIKANTS MIGHT BE ENHANCED WHEN
BREATHING PURE OXYGER. IN ALDITION, ONE SAMPLE CONTAINED ACETYLENE
IN- EXCESS'DF ITS SOLUBILITY IN 1OX, CONSTITUTING AN EXDPLOSIVE: .:.=:--
"HAZARD. THE REPORT RECOMMENDS THAT NEANS OF MONITIRING CONTAMINANT
LEVELS IN LOX B2 PROVIDED TO AIRCRAFT CABRRIERS AND ALL LAND-BASED
PLANTS WHICH D0 NCT HAVE SUCH INSTRUNENTATION. A SUSGESTED
INSTRUMENT IS A GAS CHROMATOSRAPH 'SUCH AS THE NRL 'TOTAL

YYD ROCARBON ANALYZER. ' : _ S o

-PERT INENT FIGURES-

PaB. ANALYTICAL DATA POR OXYGEN SANPLES FROM AIRCFAFT CCNVERTERS,,
PAGE S -

- - - C ea S

-SOURCE INPORMATION-

- ZORKPORATE SOURCZ -
R NAVAL RESPARCH LA3., WASHINGTOX, D.C. ‘ N T
T REPORT NUMBER - - o
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keys 9293 througn 9z94

ANALYSIS OF TRACES OF CONT AHINANTS IN BREATHING OXYGEN WITH
2 HELIUY DETECTOP AND AKX ZLZCTRON CAPTURE DETECTOR

by

CASTELLO, 5.

00,0071 ..
SECURITY ZLASS  ACZIESS LEVEL  PEPORT CLASS . ENTRY E7AL.
U/Unrestricted _Unlimited . ~ .. Incremental Good/Fxcel.
" . -=ABSTRACT-

'A METHOL IS DESCRIBED WHICH ALLOSS THE DETERMINATION OF A FEW

PARTS PEF BILLION OF IMNPURITIES IN BREATHING OXYGEN FOR PILOIS AND

POR THEPAPEUTIC PURPOSBS. FIXED GASZS AND CHLORINATED SOLVENTS ARZ . "= 7 ==

ANALYSED BY GAS CHROMATOGRAPHY A¥D DETECTED WITH A HELIUM DETECTOR
AND AN ELECTRON CAPTUREZ DETECTOF, RZSPECTIVELY. THE ANALYSIS TIEE
IS ABOUT-15 MIN. THE PROPOSED METHOD IS SUPFICIENTLY SENSITIVE AND
RAPID FOR ROUTINE ANALYSIS OF CONTAMINANTS IN LIQUID AXYGEN TO BE
USED FOP 'BFEATHING PORPOSES. THZ METROD CAN BE APPLIED TO TEE
ANALYSIS OF AIR POLLUTANTS AND TO THE DETERMINATION OF THE PURIYY
OF GASES. X

-PERTINEXT FISCBES~

FI5.4 ANALYSIS ON FCRAPAK Q COLZMN, STANDARD - MIXTURE CONTAINIBG -
"CH(4), N§(2)0, ETHANZ, ETHYLENS, ACETYLENE AND PROPANE, PAGE

121//FIG.S CALIBRATION CURVES OBTAINED WITH THE EXPONENTIAL
DILUTION PLASK, PAGE 122// F1G.& ANALYSIS OF CHLORINATED COMPOUNDS
ON AN APIZZON L COLUMN WITH E2CD, PAGE 123//TAB.2 MAXINUM ALLOYED
CONCENTRATION VALUES OF CONTAMINARTS 1IN BREATHING OXYGEN FOR
PILOTS, " PAGE 118//TA3.3 'SENRSITIVITY OF HELIUM DETECTOR TO
ZONTAMINANTS, PAGE 123//TAE.S5 PRACTICAL LIMIT JF DETECTION AT
MAXINOM SENSITIYITY POR 1 ML. OF SAMPLE AT ATMOSPHERIC PRELSIRE,
PAGE 124 ' :

-FIBLIOGRAPHY-

K. NABERT AND G. SCHON, SICHERHEITSTECHNISCHE HENZAHLEHN BREKNBARER
3ASE -UND DAMPPE, 2NC ED., DEUTSCHER [EICHVERLAG G.".B.H., BERLIN,
1963// THRESHOLD LINKIT VALUES, 27TH ANN. MEETING AMER. CONF.
GOVERNMENTAL IND.. HYSIGNISTS, HOUSTON, 1965//PRONTUARIO DELLE
30STANZE CAIMICHZ PERICOLOSE, E.N.P.TI., Bona,
1968//1.S.A.-"IL-0-27210 A //NORMA AERONADTICA ®ILITARE-N~-532
(1964)y //t. CIANETTXI, G. TPECCI AND G. SCUDEPI, RIV. KED. ABRON.
SP., 28 (1965 26 : '
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keys 9610 +*hrough 9613
CONT ANINATION SENSORS
by

- ANTHONY,H.V.
CREVW,J.G.
LARUE,E.P.

MCDONALD,J.P.
PICCONE,H.

0912767
SEeCURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL.
U/Unrestricted Unlismited : Incremental Acceptable
-ABSTRACT-

IHIS PAPER PREZSENIS ‘THE RESULTS OF A NASA-SPONSORED STUDY,

COMPLETEL 1IN APRIL 1966, INTENDED TO PROVIDE A BASIS POR POSSIBLE

ZVENTUAL USE JF AUTOHMATIC CONTAMINATION SENSORS AND MONITORS
CAPABLE OF BEING INSTALLED IN A FLlUID SYSTEM, AND OF REMOI ELY
INDICATING PARTICLE-CONTAMINAT ION COOxNT, ANJUNT OF MOISTURE
PRESENT, PUFITY OFf THEZ PLUID, OR SONME COMBINATION OF THZ2SE. SOME
;HFORHATICh CONZERNING MECHANICAL SASPLING IS ALS) INCLUDED.

L
12

-SOURCE INFORMATION-

CO'RPORATE SOURC3 -
"~ MARTIN MARIETTA CORP., LCENVER, COLO.
2EPORT NUMBER - _
- ... N6B=29328
JOURNAL PROCEEDINGS -
CURFENT AND ADVANCEL CONCEPTS IN INSTRURENTATION AND
.~ AUTOMATION, AEC/NASA CONTAMINATION CONTROL SYNP., PROC.,
- 85-62, ALBUOUERCTE, N. MEX., SEP 12-4, 1987 ,
OT HER INFORMATION -
¢016 PAGES, M"012 FIGURES, 000N TAELES, 0003 REPERENCE:
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keys 10234 through 10235

A STODY OF TRACE IMPURITIES 1IN AVIATORS FREATHING OXYGZN

by
L . \ _ : -[)REH,':.l-- . . g
: . SCHOWEN,P.L. o
- o  SMITH,S.R.
ORIGINAL PAGE'IS . 02/03/53
SECHRITY CLASS 7 ACCESS LEVEL ~~° “FEPORT CLASS - ENTRY EVAL.
Us/Unrestricted - NTIS ' - " Incremental - . Acceptable
~ABSTRACT-

A STUDY OJF AVIATOPS BPEATHING OXYGEN FROM PRESSURE AND LIQUID

APPARATUS HAS 3EEN <CARRIELC OUT TO LET2RMINE THE INPURITIES I HAT
ARP RESPONSIBLE FOR NAUSEA AND ANOXTIATION R:EPORTED BY SONB PILOTS.
AN ANALYTICAL . M2THOD O0SING GAS . CHFOMATOGRAPHY AND MASS
SPECTROMETRY HAS .. EEZN USED TO DETERMINE THE IDENTITY AND
SONCENTPRATION 32 3THE CONTAMINANTS IN THE BREATHING OXYGEN., &

POSSIBLE MECHANISHM WHZRERY THESE <CONTAMINANTS APFECYT THE PILOTS

HaS BEEN PROPOSED aAND RECOMMENDATIONS TO PURIFY THE BREATHING .

OXYGEN HAVE 3EIN MADE, THE FEPORT CONCLUDES WNITH A NONBER .OF
RECOMMENDATIONS “NSTLY CENTERING AROUND PURGING OF THE STORAGE
TANKS, TRANSEFZR CARIS ANLC MOST ESPECIALLY THE CONVZRTER TANKS 1IN

THE AIRCPRAFT. THE USE OF ABSORBENTS IN THE LOW PRESSURE FEED

LIN2S IN THE AIRCRAPT IS ALSO RECOMMENLED.

~PERT INENT FIGURES-

FiG.2 RUN NJ. S721 LIOUID QOXYGEN FROM CONVERTER, PAGE 13//FIG.3 PRON
HO0. 503 STORAGZ TANK N3, 1, PAGE 14//PIG.4 RUN MO. 504 GAS FRONM
CJONVERTER, PAG2Z 15// FIG.7.RON NO. 507 NREVWLY REFILLED STORAGE
TANK, PAGE 18//71G.8 RUN NO. 508 OXYGEN LIQUBFIED FROM CYLINDER,
PASE 19//TABb.1 ANALYSIS OF OXYGEN SAMPLES, PAGES 2u-26

-BIBLIOGRAPHY-
DRE¥, CHARLES Y., JARMES R. MCNES3Y, S. RUVEN SMITH AND ALVIN S.
SORDON. APPLICATION OF VAPOR PHASE CHROMATOGRAPHY To Mass
SPECTROMETER ANALYSIS, ANAL CHEN, ©VOL. 28, (1956) P 979//DREVW,
CHARLES M., aND JANES P, MJONESBY. SOFE PROBLEMS GENCOURTERED IN
THe APPLICATION OF VAPOIR PHASE CHROMATOGRAPHY T) KINETIC STUDIES.
VaPOR PHASE CHIOMATOGRAPHY SYMPOSIUM BRITISH INST. PET., LONDON.
MAY-JUNF 1956, BUTTERWCRTHS SCI. PUB. 1957// EGGLFTSON, F. T., H.
5. XNIGHT 2aNuU SIGU~C ARPOZNNINSS. GAS CHROMATOGERAPHY, USE OF LIOQUID
MUDIFIZD SOLID ADSOFEENT TO RESOLVE C{S5) AND C(h) SATURATES, ANAL
CHEM, VOl. 28 (1956), P, 303//XOpAYASHI, YOSHITAKA, AND TETSUGO
KATAGA WA, (YORAHANA NATL UNIV.), RAPID .MErHOD- .FOR THE
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DETERHINATION 07 LOW COHCENTRATIONS OF NO(2) IN LIQUID OXYGEN IN
AIR SEPARATICN, J CHENX SOC JAP, IND. CHEM. SECT., VIL. 58, (1955),
PP. 651-653//7ATIRBALL, LAWRENCE T., INDUSTRIAL TOYICOLOGY, 2ND
EDITION., THE 94ILLIANMS AND WILKINS CO., (1957 //SAX, IRVING N.,
" HANDBOOR OF DANSERONS MATERIALS, REINNOLD PUBLISHING CORP., (1951

.

-SOMRCE INPORMATION-
_ 1A

CORPOPATE SOURCZ - e ;P - : :
NAVAL DRONANCE TEST STATION, 'CHINA LAKE, CALIF. RESEARCH
DZPT. . S ; o o

REPORT NUMESR - -

NAVOED~E=5309//NOT5 -1887
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keys 10324 thcough 10305

AVOIT MISLEADING ANALYSES

by
. BALL,W.L.

'00/00/69 .
f;sacunrfy-cnxss _ACCESS LEVEIL FEPORT CLAss‘{ ENTRY EVAL.
/Unrestricted Onlinmited Incremental .~ Acceptable

* ~ABSTRACT-

JgLé Pﬁdoucrs DISCOVERED THAT LIQUID OXYGEN TESTED.FOR'PkﬁsaNCB OF
_ACETYLENE BY THZ ILLOSYEY SOLUTION SHOWED NJ ACETYLENE, WHILE IN
REALITY IT 'CONTAINED 1 TO 1.5 PPM ACETYLENE. CONCURRENT WIlH THIS

THE SAMPLES SHOWED THE PRESENCE OF CARBON DIOXIDE ‘IN EXCESS OF ITS
" 30LUBTLITY LINIT. -IT WAS POSTULATED - THAT THE ACETYLENE 'WAS -

ABSORBED BY THE SOLIL CAPEON DICXIDE. PROOF OJF THE LATTER HAS NOT
BEEN FOUNG: BUT-INE CAN STATE THAT THE PRESZNCE OF ' 'EXCESS CARBON

DIOXIDZ SOMEHOW MASKS THE PRESENCE OF ACETYLENE.

=SOUECE INFORMATION~-

<ORPORATL SJURCS3 - _
AIR PRODUCTS ANLC CHEFICAL, INC., ALLENTOWN, PA.
JOURNAL PROCZEDINGS -

SAFETY IN AIR AND AMMCKIA PLANTS VOL 11, 50 (1969). (PRES. AT

AIR AKD AMYONIA PLANT SAFETY SYMP., MONTREAL, CANADA, 1968)
PUBLISHEF - : o

AMZEICAN INST. OF THEMICAL ENGINZERS, N.Y.
OTHZR INFORMATIOKR -

0001 PAGES, NCCO FIGURES, 0000 TARLES, 0009 RE?ERENCES
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keys 11591 th:ouqh111592
CONTANINANT DETEiTOR FOFR AVIA*OFS uREATHiNd.OXYGEH
by
MILLER, R.L.

ROBINSON,C.E.
JKELS, X. G.

© 05/00/72
SECORITY CLASS " ,-ACCESS LEVEL '~ EE}FEPORT CLAsSS SNTRY EVAL.
U/Unrestricted - .-~ Inlimited. -isunnary ‘ Accepntable
-ABSTRACT'

"THIS PRPER IS <CONCERNED vrrﬂ rxunxnc A PORTABLE OXYGEN ANALYZER .
WHICH WILL PERNIT THE DETECTION OF CONTAMIZANTS AT OR BELOW.
ALLOVABLE LEVELS. THIS IS NEEDED TO INVESTIGATE PHYSIOLOGICAL.

. INCIDENTS INVOLVING AIRCRAFT CREWS VHERE COHTAMINATION OF THE

“ ° BREATHING OXYGEN SUPPLY IS SUSPECTED. THE ANALYSES ARE CURRENTLY | -
" DONE AT PREGIOVAL - LABORATORIES WHERE TINE DELAYS AED SAMPLING

- TECHNIQUES HAHPER INVESTIGATIONS. DISCUSSIOR OF THE ANALYTICAL -’

"REQUIREMENTS AND DEVELOPMENT OF AN AVIATORS BPREATHING OXYGEN =
AMALYZER AND CONTAMINANT DETECTOR. TWO APPROACHES CNMRREETLY UNDER
DZ2VELOPMENT AR3 DESCRIEED, ONE APPROACH IS BASED ON GAS
CHEOMATOGRAPHY AND THE OTHER ON THE USE OF A CONNMERCIALLY
J3VZLOPSL. PORTABLE INFRARED ANALYZER. THE AUTRORS PROPOSE A SIX
MONTHS TEST D7 THE TWO INSIRUMENTS TO HAKE A DECISIOE REGARDING
THZ BZST APPROACH, S :

~PERTINENT FIGURES-

"TAB.1 ALLOWABLE CONSTITUSNTS IN AVIATORS BR. . “uING OXYGEN, PAGE 7

-BIBLIOGRAPHY~-

CASTELLD, G., \ANALYSIS OF TRACES OF CONTANINANTS IE BREATHING
OXYSEN WITH A HELIUM DEI ECTOR ANU AN ELECTRON CAPTURE DBTZCTOR, J.
CHROKATOGRAPHY S8, 117-125 (1971

- SOURCY INFORMATION-

CURPOPATE SOURCE -~
SCHOOL 27 AFRFOSFAZE ¥:EDICINE, BROOKS AP?B, TEX.

REPORT NUMBZR -
AT72-28253

JOURNAL FROCEZDINSGS = :
RZROSPACE YEDITAL ASSNC. ANNYAL SCISNTIFIC ME®TING, 43RD, BAL
HAFBOUR, FLA., M™AY 8-11, 1972 ' , ‘
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keys 15631 throngh 15633

THB DETEPMINATION OF HYLROCARBON TRACES IN ATAISPHERIC AIR
AND LIOQUIO OXYGEN

by
. THEER,J.
02727763
3XCURITY CLASS ACCESS LEVEL FEPORT CLASS ENTRY 'EVAL.
U/Unrestricted NTIS i : Suuary Good/Excel,
' “=-ABSTRACT-

POR A LONG TINFE A RAPID METHOD- OF - DETERMINING TRACES or -
HYDROCARBONS IN THE AIR SUCKED INTO AND THE LIQUID OXYGEN PRODUCTQ
OF AIR SEPARATION PLANTS HAS: BEEN SOUGHT. THIS IS NEEDED TO AVOID

DANGERS OPF EXPLJDSIONS DUE -.TO THE ACCUMULATION OP -HYDROCARBOHS .
2SPECTALLY ACETYLENE. THIS . PAPER DESCRIBES A GAS CHROMATOGRAPH . &

WITH A MICFOFLAME IONIZATION LETECTOE. & 10 ML SANPLZ CAN BE
PROCESSEL IN 5 MINUTES WITH A SENSITIVITY OF S PARTS PER MILLIOH
AND IN 15 MINNT2S A SENSITIVITY OF 10 PARTS PER BILLION CAK EBE
ACHIEVZD. THE SAMFLER IND INSTPUMINT HAVE BEEN TESTED 1y
<INT INOOUS JPERATION.

-PERTINENT FIGURES-

TAB.P.6 -HYDROCARBON <CONTENT OF ATMOSPHERIC AIRK FROM VARIOUOS
REGIONS OF SEPMAN D3IMOCRATIC REPUBLIC//FIG.3 HYDROCARBOY
CHROMATOGRAM TFOP LIJUID OXYGEN, PAGE 7//PIG.4 CONCENTRATIOH
. APPARATUS FOR HYDRCCARBCNS "FROM -ATMOSPHERIC AIR, PAGE 8//FPI5.5
HY DROCAREOX CHRIYATOGIAM FOR ATMOSPHERIC AIR, PAGE 7

~3IBLIUGSRAPH Y-

SZHUSTSR. GASFORMIGE ERENNSTOFFE, VOL  2//HOLZHAUSER,H.,
 GASCHFOMATOGRAPHIE 1959,  MATERIAL  ZUN 2, SYMPOSIUM  UBER
3JASCHFOMATOGRAPHIL IN BOHLEN ©1959, P. 143//HABLZY,J.,  NATURE 181,
178 (1958) //KAISIR, R.,  GASCHPUMATOGFAPYIZ LZIPZIG . 1960, P.
97//DESTY, >« H.,  GASTHROMATOSRAPHUIZ,  LONDON 1958, P, 14277
ZRENZEL,J., SASCHRCEATOGEAPHIS 1959, MATERIAL ZUM 2, - SYMPOSI 4

UBER GASCHFOMATIGRAPHIF IN BOHLEN 1959, P. 109

-SNURTE INFORMATION-
CORPORATE SOUECE ~ .
INSTITUTY 20F CHEMICREL AND °PEFRISERATING CQUIPMENT, DRESDESN,
FAST GEEMANY =
REPORT NUMLER =
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keys 18643 throuah 18644
ANALYTICAL METHODS POR LIOUID JXYGEN o
by -

SMITH,C.P.

00/00/60
SECURITY CLASS ACZESS LEVEL f; REPORT CLASS ENTRY EVAL.
U/Unrestricted Unlirmited B Sumeary ‘Acceptable
~ABSTRACT-

LIQUID OXYGEN ANALYSSS AFE CUSTOMARILY MADE FOR PROCESS CONTROL,
PRODUCT PURITY AND - TO - AVOID HAZARDS. USUALLY ANALYTICAL
INFORMATION REQUIRED FOR PROCESS CORTROL IS NOT EXTENSIVE. USE OF
HAODIPIED ORSAT APPARATOUS ~.FOE MANJUAL DETERMINATION OF THE OXYGEN
CONTENTS OF VARIOUS ~LIQUID SAMPLES IS ROUTINE IN MOST PLANTS. IN
ADDITION TO THE ABOVE GENERAL METHOD THE AUTHOR REVIEWS METHODS
7IR DETERMINING OTHZR IMPURITIES SUCH AS CARBON DIOXIDE (INFRARED
T2CHNIQUES), ACETYLENE (TLLOSVAY METHOD), HYDROCLZBONS:KCHEHICKL
METRODS), SOLID ‘MATTER (FILTEZRS) AND WATER. TRE-. AUTHOR
SPECIFICALLY DISCUSSES ORGANIC TRACE CONTAMINANTS 1IN BREATHING
JXYGEN SUPPLIES FOR AIRCRAFT. ' .

PN

~SOURCE INFORMATION-

ZORPOPATE SJOURCE -
UNION CARBIDE CCRP., TCNAWANDA, N.Y.

JOURNAL PROCEEDINGS =~ o ,
ADVAN, CRYOG. ENG. VOL 4, 436-42 71960) (PRIC. OF CRYJIGENIC
ENGINEERING JCONP., UTH, CAMBRIDGE, HASS., SEP 3-5, 1958,
FAPER G=4) S

POBL ISHEE =~
PLENYM PRESS, INZ,, NEW YORK

OTHER INFORMATION = .
0007 PAGZS, 0004 FIGURES, 0000 TABLES, 0000 REPERENCES
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keys 155 through 162
PPODUCTION CéNTROL CP LIQUID OXYGEN AT COMNHERCIAL
FACILITIES
by

-

SMITH,C.P.

11700764

sk;f'finIi“{.__CLASS ACCESS LEVFEL . FEPORT CLASS ~ = ENTRY EVAL.
UsBacestricted inliaited Sunmmarcy - :

A cceptable .

-ABSTRACT-
rﬂ;ﬁ IS-A SHORT SUMMARY PAPER "CONCERNING PRODUCTION CCNTROL  IN
CONMERCIAL AIR SEPARATIGHN PLANTS. INCLUDED ARE SECTIONS
ZONTROL, PRODUCTION CCNTROL FOR EPFICIENCY, PRODNCTION

ON HAZARD
QUALITY,@PRDDUCTVHANDLISG AND PPQDUCT ANALYSIS.

| CONTROL POR

-BIBLICGRAPHY- , ‘ -
SAFZTY IN-AIR AND AMMONIA PLANTS, VOLUNES 1 THROUGH 5, PUBLISHED

3 THE ANERICAN INSTITUIE OF, - CHEMICAL ENGINEERS AT 345 EAST G7TH

SPREET, NEW YORK 17, NE¥? YORK

-SOURCE IKPORMATI ON-
ZORPORATE SOURCE -

LINDE CO.
'JOURNAL PROCEEDINGS =

LIOUID MISSILE PFOPELLANTS SYMP., 2ND, HERSHEY,
1964

PA. , NOV 3=-5,°
OTHZR INFORMATION -

000z PAGZS, 0000 PIGURES, CONC TABLES, 0001 REPERENCES
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RECEDING PAGE-BLA.\"K_ NOT FILMED

DESCRIPTOR’(KEYWORD) INDEX '

ACCIDENTS-INCIDENTS INVESTIGATIONS 36 51, 68 71 76, 98, 113 114,
115, 118, 123,125, 126, 139, 1’7 106

ACETALDENYDE, 43, 59 SR
ACETONE, 43, 59, 151 I - }
ACETYLENE, 2, 3, 9, 11, 16, 21, 22, ‘2‘3,‘26 28, 29, 33, 34, 36, ‘38, 40, 41,

43, 46, 48, 49, 51, 5254 .56, 37, 38 5967 ‘68, 70, 71, 73, 76, 86, 96,
98, 99 108, 112, 113, 114 123, 125 127 132, 134, 135, 141, 143, 145, 147,

149, .150, 154 156 160 162 163 166 110

ADSORBI:.NTS 2 3, 11 16, 26 23 33 34 40, 41, 46, 48, 52, 54 84, 99
112, 115, 132 143
ADSORPTION 56 68, 71, 84, 86, 118 123 134, 165

* AIR CONTAMINANTS, 22, 23, 34, 36, 41, 43, 48, 51, 59, 67, 68, 86, 83, 90,

118, 143, 151, 168

AIR SEPARATION PLANTS, 2, 3, 11, 16, 22, 23, 26, 33, 34, 46, 40, 41, 43,
46, 48, 51, 52, 54, 56, 68, 70, 71, 78, 8, 90, 98, 114, 115, 118, 125, 128,
130, 132, 143, 145, 147 ‘ :

AIRCRAFT, 23, 57, 73, 76, 80, 126, 156, 157, 158, 160, 163

ALCOHOL, 26, 120, 122

"ALIPHATIC HYDROCARBONS, 106

ALUMINUM, 19, 26, 65, 67, 82, 85, 108, 115, 116
ALUNDUM, 26

AMMONIA, 28, 54, 59, T4

AMMONIUM CHLORIDE-AMMONIUM HYDRIXIDE, 57
ANTHRACENE, 110, 120

ARGON, 3, 11, 16, 22, 56, 59, 70, 88, 143
ASBESTOS (TEFLON IMPREGNATED), 26, 143
ASPHALT, 26, 65, 90, 115, 115, 132

ASPHALT IMPREGNATED GLASS CLOTH, 26

BENZENE, 34, 43, 59, 29, 110, 120

BREATHING OXYGEN SYSTEMS, 2, 23, 40, 56, 57, 58, 73, 76, 80, 115, 153,
154, 156, 157, 158, 159, 160, 166, 170 o

BROMOBENZENE, 110, 120

BROMOCHLORODIF LUOR-METHANE, 94

BROMOCHLOROMETHANE, 94 - : SR .

BROMOCHLOROTRIF LUOROPROPANE, 94 '
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. BROMODICHLOROHEXAFLUOROBUTANE, 94
. BROMOTRIFLUOROMETHANE, 94
. BUNA-N, 122

" BUTADIENE, 24, 28, 43, 59 o
' BUTANE, 11, 24, 28, 34, 43, 54, 59, 80, 86, 99

. . . .

.
)

se

BUTENE, 11, 21, 34, 5%, 59, 86, 99.

. BUTYL AMINE, 110
. BUTYL RUBBER, 26

5 CALCIUM, 84 - :
- "CALIBRATION, 73, 110, 145, 147, 158, 160
" CARBON, 16, 151 ‘

CARBON BLACK, 26 : = »

CARBON DIOXIDE, 11, 16, 22, 24, 29, 31, 34, 40, 49, 51, 56, 57, 58. 59, 70,
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