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PREFACE

This  report documents work performed during the period
1 June 1975 throug h 1 October 1975 in-house by the Air  Force
Civil Eng ineer ing Center (AFCEC) , Air  Force Systems Command
(AFSC) , Tyndall  Air  Force Base FL 32401. The Water and
Solid Waste Resources Division of the Environics  Direc tora te
perfo rmed the work for the center.

This  repor t has been reviewed by the Informa t ion Off ice
(o l )  and is releasable to the National Technical In for mation
Service (NTIS). At N TIS it wi l l  be avai lable  to the general
public , including fore ign n a t ions .

This technical report has been reviewed and is approved
for pub l ica t ion.

STEPHEN P. SHELTON EMIL C. FREIN
Captain , USAF , BSC Major , USAF
Project Officer Chief , Water and Solid
Water  and Solid Waste Resources Div Waste Resources Divis ion
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SECT I ON I

INTRODUCTION

In the produc tion of the miss i l e  fuel unsymme tr icaldime thy l-
hydrazine (UDMH), a by-product caustic waste containing an V

in termediate  compound N-Ni t rosodin ie thylamine  (NDMA ) is
produced. Because NDMA has been identified as a suspected

V carcinogen , it is necessary to treat this waste to a very
high  degree ( the l imi t  of detect ion is approximately 20 u g h ) .
The waste of concern , generated in the production of UDMH ,
contains approximate ly  200 mg/ i  of NDMA , 25 percent sodium
hydroxide and 5 percent n i t r i t e .  It was the purpose of th is
invest i gation to ascer ta in  the f e a s i b i l i t y  of ox id iz ing  the
NDMA in this waste  by use of the wet air  oxidation process.

~.
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SECTION I I

BACKGROUND ON WET AIR OXIDATION PROCESS

The original deve lopmen t work on wet a ir o x idation was done V

more than 20 years ago in the Un it ed Sta te s , speci f ical ly
V for application to industrial wastes. Figure 1 is a bas ic

V flowsheet for wet air oxidation . The waste is pumped into
the syste m by a high pre s sure pump and mix ed with air from
the compressor.  This mix tu re  passes throug h a he a t exc hanger

V and then in to  a reactor  where the oxygen in the  a i r  reacts
wi th  the organic  ma t t e r  in the was te .  This ox ida t ion  is

• 
V accompanied by an increase in temperature . The gas and

V liqu id phase are separated after they leave the reactor. The
liquid phase is then u sed a s the ener gy s ource fo r the hea t

V exchanger  on the i n f l u e n t  side of the reactor .  Subsequent l y ,
both the gas and l iqu id  phases are d ischarged  from the process .

The degree of oxida tion may be selec ted to mee t was te trea t-
men t requirements; ranges from zero to near 100 percent are
at t a inable  as requi red .  For example , in a typical  domest ic
was tewater  slud ge , a t a tempe ratu re of 150 degre es centigr ade
( ° C) , appr ox ima te ly  10 percent  of the organics  wi l l  be oxi-

• dized wi th a 5-minute residence time . If the temperature is
increased to 320°C , wi th all other conditions remaining con-
stant , a 99 percen t plus  oxida t ion is atta ined .

I t  is necessary to m a i n t a i n  some l iqu id  phase wate r  in the
V system dur ing  ox ida t ion . This requirement  w i l l  de termine

system pressure . Opera t ion  pressures  vary from 150 to 3000
pounds per square inch guage (psig ) .

The f low d iagram shown by Fi gure 1 can be varied g r e a t l y .
- For example , Figures 2 and 3 illustrate variations to maximize

V energy recovery . In Fi gure 2 , the cycle i l l u s t r a t e d  genera tes
sa tu ra ted  superheated s team at about 600 psi g, w h i c h  ma y be
combined wi th the cycle shown in Fi gure 3 for  the produc t ion
of e lec t r i ca l  power.

2
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The cost of a wet air oxidation system is proportiona l to
the volume of the waste system , the required system pressure ,
the amount of air supplied , the time of retention , and the
exhaust energy if used. The pressure and air quanti ty are
related since a larger quant i ty  of air usually indicates a

I hi gher degee of oxidation . This requires operation of the
I . reactor at a higher temperature and pressure.

: 1
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Figure 1. Flowsheet of Wet Air Oxidation
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Figure 2. Flowsheet for Steam Generation
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SE CTI ON I I I

DISCUSSION OF RESULTS 
V

Ten i:aste samples were subjected to wet air oxidation by
limpro , m c , Rothschild Wisconsin. These oxidations were
accomplished under an Air Force (AF) non—personal services
contract. Each sample was anal y z e d  indep enden tly by bo th
the AF Civil Eng ineer in g Cen te r (AFC E C) An alytical Chemistry
Division (AFCEC/EVC) and by th e con tr acto r.  The resul ts of
these inv est iga t ion s are shown in Tab le 1 . The f i r s t four
samples were oxidized to evaluate the effects of temperature

V and pFl at a cons tan t reac t ion t ime . These da ta ind ica te a
V si gnificant oxidation of NDM A and can he attained at temper-

ature in the 320 °C ran ge. Fur therm ore , pH mod i f i c a tion and
catalyst utilization did not si gn i f i c a n tl y enh ance the
ox ida t i on .

Using the data acquired in the first sequence , a longer
reaction time at 320°C was indi cated . Two subse quen t eva lu-
tions were made on separate waste samnies as shown in Table
1. From these data two si gnificant observations can he
made:  V

1. Initial sample characteristics are hi ghl y si gnificant
on oxidation success.

2 . nuplic ation of results , with a hig h degr ee of accur acy ,
is diff icult since the  raw w a s t e  varies greatly . V

7 V
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SECTIO.” IV

CONCLU Si ON

I-ron the data obtained in the preliminary investi gation ,

-~~ it appears that the wet air oxidation process shows merit
- in treatment of NL ) M A . It is questionable if the process

is capable of oxidation of NDMA cont aining ~Vas te to below
detectib ie limits; however , it is important to recognize

V that oxidation to the 1.0 mg/l level is accomplished with
relative ease. Thu s, in conclusion , the po ten ti al use of
wet  air oxidation , as a treatment process for \DMA contain-

V ing waste , would require better definition of the ultimate
V treatment objectives.

~

• 9
• (The reverse of this page is blank)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~~~~~V _ _

INITIAL DISTRIBUTION

HQ USAF/PREE 1 OEHL/OL-AA 1
HQ USAF/PREVP 1 OEHL/OL—AB 1
HQ USAF/PREVX 1 AFWL/S(JL 2
HQ USAF/RDPS 2 AFGL/XOP 1

-
; HQ USAF/SAFOI 1 USAFSAM/EDE 2

V HQ USAF/SGPA 2 AFRPL/Li brary 1
HQ COMD USAF/DEE 1 FTD/LGM 1
CINCAD/DEEV 2 AMRL/THE 1
CINCAD/DEECV 1 ASD/ENESS 1

F CINCAD/SGPAP 1 ASD/DEP 1
AFSC/DEEE 1 ASD/SMKF 1
AFLC/SGB 1 RADC/DOT 1
AFLC/DEPV 1 AEDC/DEE 1
AFSC/DEV 1 SAMTEC/SEH 1
AFSC/SGB 1 SAMSO/DEC 1
AFSC/SGPE 1 SAMSO/SG 1

V 

AFSC/DLCAM 2 AMD/RDU 1
ATC/DEPV 1 ADTC/CSV 1
ATC/SGPAP 1 ADTC/DLOSL 2
AAC/DEV 1 AFFTC/DE 1
AAC/SGB 1 AFETR/DER 1

V MAC/SGPE 1 ESD/DE 1 V
MAC/DEEE 1 1035 USAF Tech Ops Gp/TDM 1
MACI DEMP 1 SAMMA/MAGCB 1
CINCPACAF /DEMU 2 USAFSO/DEE 1
CINCPACAF/SGPE 1 1 Med Service Wg/SGB 1
CINCSAC/DEPV 1 USAF Hospital /SGPM I

V CINCSAC/SGPA 1 DDC/TCA 12
TAC/DEEV 1 ARPA 1
TAC/SGPB 1 Defense Research & Engrg/AD(E&LS) 1
LJSAFSS/DEE 1 OASD/(I&L)ES 1
CINCUSAFE/Surgeon 1 USA Env iron Hygn Agency 1
CINCUSAFE/DEPV 2 Ch of Engrg/ENGMC-RD 1

V AFISC/SGMS 1 USA WW Exp Sta 1
AFISC/SES 2 USA CERL 1
AFRES/DEEE 1 USA Eng R&D Lab/MERDC 1
USAFA/DEV 1 Dept of the Army/DARD-ARE-E 1

‘V AFIT/DEM 1 AFRCE/Eastern Region 1
• AUL (ALJL/ISE-70-239) 1 AFRCE/Central Region 1
• AU/Surgeon 1 AFRCE/Western Region 1

AFOSR 1 Env iron Protec Div 1 OP-45 1
AFAPL 1 NCEL/Code 25111 1
AFAL/TSR 1 Nay Air Dev Ctr/MAE 1
AFFDL/TST 1 Nay Ship R&D Ctr/Code 3021 1
AMRL/DAL 1 Technology Transfer Staff/EPA 1
AFML/DO 1 Office of R&D/EPA 1
OEHL/CC 3 National Science Foundation 1

11

__ _ V~V V V V V V V . 1~~


