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ABSTRACT

This is the tenth progress report on Division of 
Waste Management program being conducted at the Hanford 
Engineering Development Laboratory (HEDL) for the United 
States Department of Energy. The report describes 
progress in the first half of 1978 on the following 
programs:

Intermediate Level Waste Solidification 
Chemical Processing of Combustible Solid Waste 
Application of Acid Digestion to Commercial 
Wastes
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SUMMARY

The scope of the Radioactive Acid Digestion Test Unit (RADTU) mission 

was changed from a strictly demonstration function to a joint R&D-production 

function. The RADTU will be used to process combustible transuranic contami­

nated defense waste from Hanford's Z-Plant. The unit was operated in a 

series of test runs totaling 160 hours during which approximately 500 kg of 

combustible waste were processed.

A separate off-gas stack was added to the RADTU enabling operation of 

the acid recycle equipment. This eliminated secondary liquid wastes from 

the process.

Additional laboratory tests were completed to determine the solubil- 

ities of thorium oxide and uranium oxide in the acid digestion system.

Thorium oxide was slowly converted to thorium sulfate which is readily 

soluble in dilute nitric acid or water. The solubility of thorium sulfate 

is the concentrated sulfuric acid digestion solution was about 0.1 g/£. 

Uranium oxide, on the other hand, was very soluble in the concentrated 

sulfuric acid having a solubility >440 %/%.

Laboratory tests were performed to evaluate the effect of process vari­

ables on the rate of acid digestion. Of five variables evaluated, only tem­

perature and nitric acid addition rate had significant effects on digestion 

rate.
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I. INTRODUCTION

This is the tenth progress report issued on waste management programs 

at the Hanford Engineering Development Laboratory (HEDL) for the Waste Man­

agement Office of the Department of Energy (DOE). The report covers prog­

ress during the first half of 1978 on the following programs: Intermediate 

Level Waste Solidification, Chemical Processing of Combustible Solid Waste, 

and Application of Acid Digestion to Commercial Wastes.

The program on Intermediate Level Waste Solidification was started 

in October 1976 and has as its principle objectives the development and 

demonstration of treatment and immobilization technologies for intermediate 

level liquid and dispersible solid wastes generated in the nuclear fuel 

cycle. The program includes development of acceptable test procedures for 

soldified product forms, and verification tests of immobilized products.

The program on Chemical Processing of Combustible Solid Wastes was 

established to demonstrate the applicability of acid digestion for treating 

DOE waste materials. Overal program objectives and descriptions of the 

program were discussed in detail in the first quarterly progress report in 
this series.^

The program on Application of Acid Digestion to Commercial Wastes sup­

plements the program on Chemical Processing of Combustible Solid Wastes.

Its primary objective is to support development of acid digestion technology 

to meet requirements for processing commercial nuclear fuel cycle combusti­

ble wastes, including licensability, process economics, recycling of acids, 

shielding/remote handling for beta-gamma wastes, fixation of residues for 

storage, and ability to accept appropriate waste forms. The program will 

ensure that the developed technology will be appropriate to industrial needs.

3





II. INTERMEDIATE LEVEL WASTE SOLIDIFICATION (WHOQ2)

A. PURPOSE

The purpose of the program on Intermediate Level Waste Solidification 

is to develop and demonstrate immobilization technologies for liquid and 

particulate solid intermediate level wastes (ILW) within the nuclear fuel 

cycle. The program includes identification of sources and quantities of 

ILW, development of acceptable test procedures for solidified product forms, 

and verification tests of immobilized products.

For the purposes of this program, ILW are defined as those liquid and 

solid radioactive wastes, other than high level wastes (HIM) and fuel 

cladding hulls, that, in packaged form, have radiation dose readings greater

than 200 mRem/hr at the packaged surface, or 10 mRem/hr at three ft from the
4 3

surface. The International Atomic Energy Agency (IAEA) value of 10 Ci/m 

for ILW defines the upper limit. This limit is the approximate dividing 

line above which some external cooling must be provided to prevent radio­

nuclide heat buildup in the container.

Work during this report period on the ILW Solidification Program has 

centered on completion of laboratory tests to treat ILW containing iodine 

and on completion of a management plan for treatment of non-high-level 

wastes (non-HLW).

B. LABORATORY TREATMENT OF INTERMEDIATE LEVEL WASTES CONTAINING IODINE

Off-gas scrubbing with a mercuric nitrate-nitric acid solution is an 

attractive method for removing radioiodine from the fuel dissolution off­

gas stream in fuel reprocessing plants. The resulting solution becomes an 

intermediate level liquid waste containing radioiodine. Composition of 

the scrub solution may range from 6 to 10 M HNOg containing 0.1 to 0.4 M 

Hg(N03)2. Both mercury and iodine will potentially volatilize during

5



calcination if this solution is added to the high level waste. Conse­

quently, reprocessing pi ants using this process pi an to solidify this stream 

separately.

(?)
Previous 1 aboratory tests'1 ' have demonstrated that the solution can 

be successfully concentrated to form mercuric iodate slurries without 

significant volatilization of the iodine.

The 1aboratory work was completed and the results of the study are 

being evaluated, including tests on concentration of simulated mercuric 

nitrate-mercuric iodide off-gas scrubber solutions and immobilization of 

the residue siurry in cement.

6



III. CHEMICAL PROCESSING OF COMBUSTIBLE SOLID WASTES (MHOQ3)

The objective of this program is to develop and demonstrate the acid 

digestion process for the treatment of combustible nuclear wastes. Acid 

digestion is a chemical process for oxidizing combustible waste materials 

in concentrated acid. Waste materials are added to concentrated sulfuric 
acid at 250°C. The acid attacks the waste producing a char that is subse­

quently oxidized by nitric acid. Digestion of the waste produces a residue 

of inorganic sulfates or oxides that is insoluble in the acid and that can 

be separated as a dry residue by evaporation of the excess sulfuric acid 
at 350°C.

Development of the acid digestion process has progressed from 1abora- 

tory and cold engineering scale tests to construction of a radioactive demon­
stration plant, the Radioactive Acid Digestion Test Unit (RADTU). The RADTU 

facility is 1ocated in the 200 West Area of the Hanford Project. Design 

capacity of the unit is 100 kg of waste per day. Construction of the unit 

was completed in June 1977 with completion of the acid fractionator addition 

in September 1977.

A. RADIOACTIVE ACID DIGESTION TEST UNIT

C. R. Allen

The scope of the Radioactive Acid Digestion Test Unit (RADTU) mission 

has been changed from a strictly demonstration function to a joint R&D- 

production function. The RADTU will be used to process combustible TRU 

defense waste from Hanford's Z-Plant. The RADTU equipment will require some 

modifications to increase its capacity by a factor of two to three fold 

(originally it was designed as a demonstration unit processing only 300 Area 

waste at Hanford). Laboratory and cold engineering scale experiments are 

underway to evaluate increased digestion capacity.

7



B. RADIO OPERATION
is M. D. Crippen, N. J. Law and R. G. Cowan

In this reporting period, the RADTU was shutdown during February and

March 1978 for installation of a separate off-gas stack which separates the 

RADTU fractionator off-gas from the Z-Plant eff1uent system. This change 

allows the open recycle equipment which eliminates a contam-

inated liquid effluent stream. The only process waste from RADTU is the 

digestion residue. The subsequent operation of the acid recycle equipment 

has been fully satisfactory and has resulted in a concentration of the com­

bined nitric-sulfuric acid to 12 normal for recycle to the digester. The 

acid fractionator and associated HEPA filter system are shown in Figure 1.

The RADTU was operated in a series of test runs tot.<l tug IbO hours. 

Recycle acid was used in most of these runs. Over 500 kg of Type B* syn­

thetic waste was processed. The waste was reduced to a residue containing 

about 5% of the initial weight. In separate 1aboratory tests more than half 

the residue was immobilized into a high integrity solid form, mostly glass. 

Overall volume reduction of waste to glass was about /fwoldL

Several minor problems with the system were discovered, analyzed, and 

resolved. Early operatiun oi the system resulted in a higher than desirable
(R)

loss of sulfuric acid. A Brinks mi' I -1 nmnator was installed in the off­

gas stream to minimize the 1oss of sulfurk acid, Air was also substituted 

for nitrogen in the product vessel g This increased the oxidation

rate of $09 and NO and subsequently improved the recovery of nitric and
4m X

sulfuric acids in the scrubber column.

*HEDL Reference Waste E (by weight): tr»r<. yacy-I5S,' wood-10%, latex
rubber-5%, hypalon rubber-10&, neoprene-10% PVn pi a .tic-20%,
polyethylene-15%
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FIGURE 1. Aoic* b ictionator in the RADTU Facility. Neg 7803095-6cn
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A mi nor pumping problem was caused by excessive starting torque from 

the pump motors. Sub sinqle phase (vs three phase) motors and

smaller and lighter impellers solved this pr i resulted in satis­
factory performance.

Some difficulty was also encountered with a lack of uniform distribu­

tion of the waste over the surface of the digester tray. This resulted in a 

decreased waste digestion rate. A series of short screening runs were used 

to test a variety of modifications. A def1ector block was used to direct 

the extruded waste down the tray and acid was sprayed over the waste to pro­

mote better ^contact. This resulted in improved operation.

led to continue the RADTU shakedown operations through July 

1978. Final mod ifi .tion. hil* then be made prior to radioactive operation.

C. MESAS WASTE SCREENING

J. G. Bradley and R. E. Lerch

I’ IlHr'i on 1-1 *(' * i m i i . \ v f em < i j! f. •' » \ - h ],, s?,(}At bj I'bbL v u
c’ u' £ ( 0 j l " ibt C' i ' Mitiii 11 r ,.’C ‘r I i I i « i ■ ~ i C 11 • Vn i.t’ \ ' lOl (SI i i'll 0 i tit;

fuel Trie . nf’iotf* files1*' ifirr >ir upsi-ni is * <na 1 >m m L'h rr, f he

lf 1 j]t 1/vj !> v ! hi iv •Li’ ic ■ !*. < v t hi i id- si is ' s " .i '> r ^ p'd-'f ' Tv *>’ rjOyi-TLif

I'll' rMt f i* ijiufi1'!* so*' ' l»• i r c r*«! i hv 'Hi', , ► | i- ci iii ■?, < ii- lonplrteJ iu

( vAL 1 !>• A ht[r i 11 , ii mi- ins m [If i r A't lift I'n

Z ri.nA osnc-'ii, |,j • M a-, h-t A] ma-a i "1 c ■ is,’ \,ncIt ie<|i;u*tm 

processing in
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IV. APPLICATION Of ACID DIGESTION TO COMMERCIAL SOLID WASTE

The primary objective of the program of Application of Acid Digestion 

to Commercial Wastes is to ensure that developed acid digestion technology 

is appropriate for nuclear industry applications. It includes the following 

factors: licensability, process economics, recycling of acids, shielding/ 

remote handling for beta-gauma wastes, fixation of residue for storage, and 

ability to treat commercial waste forms.

During this report period, the work has emphasized characterization of 

the behavior of thorium and uranium in the acid digestion system, immobili­

zation of acid digestion residue in glass, and laboratory studies to increase 

the rate of digestion.

A- EFFECT OF ACID DIGESTION OF THORIUM AND URANIUM OXIDES

J. A. Partridge and G. P. Bosuego

Laboratory tests on the effect of acid digestion on thorium oxide 

showed that the sulfuric-nitric acid system slowly converts thorium oxide to 

thorium sulfate. Thorium sulfate has a limited solubility in concentrated 

sulfuric acid bat dissolves readily In water or dilute nitric acid. Uranium 

dioxide dissolves readily under the same conditions. The solubility of 

uranium in the concentrated sulfuric acid system was found to be >440 g/£.

The digestion tests were conducted with thorium oxide prepared by 
denitration of thorium nitrate at approximately 4Q0°C followed by firing 

for 2 hours at either 500-515°C, 718-763°C, or 925-935°C. The following 

procedure was used: One to two grams of the oxide were placed in 200 ml 

of concentrated sulfuric acid In a round bottom distillation flask. The 
solution was maintained at 240-250°C by means of a heating mantle, and 

concentrated nitric acid was slowly (approximately 6 ml/hour) pumped into 

the heated solution through a glass frit beneath the surface of the acid. 

Samples of the thorium solids were periodically removed for solubility tests

11



with chK>‘ t)Hi­ic acid or wa ter. Ttssts were also peM .<l lll -j wi U o -gram

ther i urn i (f i-'t, wf lich h ad been fired at 1600°C for 4 inour At the
conclusi ch sulfu<i ( H itrie ac j,*i l ' '.HfijP ;! Pe thorii Wi lids were
filtered, wr«stv>1 with a small amount of distilled water, and dr i at 80°C

in a vac . The s;olubi lity of the dried solids k ; i hian ;ted in
water and dilute nitric acid.

Result^ of-' 'ii]tro f)i o k'Il' i¥i M#- t!io» ‘<«!h ■;' Hoot, che concen­
trated sit h'm ico"!«11 i‘- rx id 11 ■ rjM;nt. -urt ita« i», 1 ini 1 With the samples
of thorium n rie i «.*-mpbt ,’W ui'O'' T^mn o. :it°( rate of con­

version i'o t rtu1 fnm si 1 <o '-'<(! i-.r;I wii'h > he in*.• c- *e in hiring temperature,
dropping r>oni fr wTi, ,tiVa ''*cu!50 S'or,. . k< -; i^ Hi,; rtwH pellet, 

which had ur-on ired ah hlou"* tot e f. i. ;t'Ov-.-d rn f ,< : 11 qht chemical
attack at erv Gt Gn.n - m, ■ (to hot re td ., ■ dncuterot rj treatment of
2., 1 gram; -iOd uir.l. po»i>irs n, ckp mv tn Ivi.e» ^ d iiofl'-ff. (also fired at 
1600°C) ■' ie (thorium

sulfate) which was 99% soluble in water on drivd; ni eric acid.

In a test not listed in Thbiir t. a sample of thorium oxi de fired at 
930°C was treated with concentrat ric acid only (no nitric acid in

the system) at 240-250°C for 48 hours. The residue from that test was 

only 46% soluble in dieating that the presence of

nitric aied increases the rate at which thoriurn oxide is converted to 

thorium sulfate.

Analyses of the final solutions from the thorium oxide runs showed 

that thorium has a solubility in the concentrated sulfuric-nitric acid 

system of approximately 0.1 g Th/liter at room temperature. Results of four 

runs were 0.17, 0.11, 0.11, 0.11 g Th/liter, for an average value of 0.12 g 

Th/liter. Thorium analyses on sampd-:'. from runs in which fWnric acid only 

was used gave results of 0.050 and 0.046 g Th/liter, indicating that the 

presence of nitric acid increases the solubility of thorium in concentrated 

sulfuric a This may possibly be due to a dilution effect since the 

equilibrium H^SO^ concentration in the HgSO^-HNOg acid digester system is 

about 91% versus 96% for concentrated H^SO^ alone.

12



TABLE 1

SOLUBILITY OF THORIUM RESIDUE FOLLOWING TREATMENT OF 
Th02 WITH CONCENTRATED SULFURIC-NITRIC ACID AT 240O-25QOC

Run
No.

Th02
FI ri ng Reaper ature

Treatment
Time

(Hours)

Solubility of 
Residue in Water 
or Dilute HN03(«)

5 500-515 15 0 5 100

9 500-515 50 99

6 730 35 ^90-95W
69 96.5

10 930 26 < 50(a)
48 87

12 1600 (pellet) 53 (b)

13 1600 (-100 mesh powder) 52 99

(a) Based on a visual estimate of the fraction dissolved from a residue 
sample taken during the course of the acid treatment run.

(b) Chemical attack was on a thin layer of the surface only.

To determine the behavior of U(IV) oxide in the concentrated sulfuric-

nitric acid system, a run was made with UO2 with the same experimental

set-up as had been used with the thoriurn oxide runs. Initially, 30 grams of 

U02 were piaced in 200 ml of concentrated sulfuric acid. Nitric acid was 
slowly pumped into the solution which was maintained at 240-250°C. As 

the U02 dissolved, additional increments of U02 were added until a total of

110 grams had been added. The final 20 grams of U02 had not completely

dissolved at the termination of the run and it appeared that the solution 

was saturated with respect to uranium. The final solution, when cooled to 

room temperature, had a density of 2.33 g/cc and a uranium concentration of 

approximately 400 g/liter.

13



B. IMMOBILIZATION OF ACID DIGESTION RESIDUE

(2 3'I
bion residue 

)een investi-
IfttriHhili-ri-Oiiij rf yi- 11 ~ i di.s, in >fi, i , i [>,.r !- -ii |y ► worable 

since 1 he iiwb) r ■ inen ) i..>rs = (i, mlyi h , , ^ < i-.’ t ^ ?ifb< i j . m-j o‘id decrease in 

the ntirif v/oft'si't rf it-’imc i'd ■, rrn set' utr'f «h:1 Kr i inn if rhe residue by 

•tdr m*srus «.« me 31 'i t tViin ; uniuiti 1 n • 1 - usi 1 1 m’- > to the acid 

'Jnvv nnd c rm.k'>, taimji 1 ri-’ xe 1. Min ,i 1 onams to the dried

residue have been used successfully.

C. ACih Piut riOW RATE EXPERIMENTS 

G. P, Bosuego and %], C, Siswons

A series of nonradioactive laboratory tests was performed to evaluate 

the digestion rate of various materials as a function of temperature, nitric 

acid addin on rate, nitric acid addition point (above or below the surface 

of the sulfuric acid), agitation, and specific surface area of the waste 

materials Of the five variables evaluated, only temperature and nitric 

acid addition rate had a significant effect on digestion rate. The other 

variables had lesser (and somewhat ambiguous) effects. The conditions 

giving maximi astion rates were near the current conditions used in the 

RADTU.

TSie Imxi oheificd icm S S c i.t s 'iqsk 0 f ah- meb 1 or- Hie rnd'e

t gieriftsfitc Hvm hyrdMi-d ^m 11 n *>-► cn n " (rh'in-f; r>c jd placod i?s 
one-litei d fl s'r-. n - 1 j I ?'ism kmm i hrusigSi d

y].iic Ivh^ df mhki o mg mmi (i i» I 1 me mnnor d-;f- Mfses weim

II*f sliimoi’i Irici. condortii c ki ; -(ifsiv; .-oivj' rmabT" mucs 

r'tcorb'ibh-' .if -m, wtMrured iCHlei nog Hie nonroim
daisriblit sfikd’: femv-.M! 11S-' urn n? , m Pin, sm,) ih 5 iiiiwereml

fdjh.gg mum iiM'i mi gridit-m*1' t Mhodm

14



HNO,
CONDENSERS

TEMPERATURE
GAS L

CONDENSATE

GRADUATED
CYLINDER

* FLAT BOTTOMED CASK WITH MAGNETIC 
STIR BAR USED FOR AGSTATSON TESTS

HEDL 7811-146.1
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five representative waste materials were testul hotter paper (53
O _ O

cm /g)9 file card paper (101 emVg'h sectiorss of polyethylene bottles (20
o o

cpolyethylene shee< tIno . nr/u'. and HypaIon rubber gasket mate-
> ui! (iui Ji-i.-f r i i, iKj1", ji Each sample was added to the sulfuric acid 
solution as a single p >. u !.« Miking one gram. Nit’, - <, r i > (ditiorn arid off- 
ga' uallc non started simultaneously with the waste addit- on-. TSie run was 
considered complete when the solution cleared, although in most cases gas 
was still being evolved slowly.-, Runs were made in dupllofce,. In several 
cases additional runs were made to attempt to reccu* if- riifii-rences between 
the duplicate runs. The run condi' ions and results ai jwarlzed in Tables 
2, 3 and 4.

The pbun / m dv onfil'■nr, i uiccr , i1 «ffl ■ .’ir t« ^ood /*
revi of r.tc tin 3 si.gri-'to »hoi k‘V ,^4 < c h’uti*' w!
may hrve toi e* *0' ISic -hnr'i jrn '1jic fn wu > i, J .n ifc ion

rates hc r- sign ? lu 1« wc i fSi T --b l h~"'< ■ ,n »i fihTvs' of 10
This effect may be rf toe-'d 10 <U pn-.cc.f n> leu.uri 11 i s * - ‘C r tn >r vl 
suIfunc eei*' in '’he in-j ^ n m 1 .> hi hnk3«y n - f-, -f •' 'f, af uni! 
matei- k.ls fi ouf pkonou fi cigc toy ww r- , bin \ >. ' r-m. ^ ■ >v :om c or Lhe 

sulfw i « id i 1 if 11 i'uded in tin »cbles.

The suusm. ntd results include the total volume of off-ga to iff ted, 
the time requu yd -h .ui 11 w t 90% of the off-gas, the time required to clear 

the solution, the average off-gas rate for tto .totoetlori of 90% of the 
off-gas, as tel toe maximum off-gas rate* The maximum rats for the ‘rubber and 

plastic samples generally occurred at or just before the time when half of 
the off-gas had been c»j 3 fened. The maximi mi 1 ’.te for paper occurred at the 
start of the run and nay reflect rapT > r pulsion of air from the digestion 
vessel and condensers by steam generated during the initial dehydration of 
ti ose.

16



TABLE 2

SUMMARY OF ACID DIGESTION RATE TESTS-PAPER

Exposed
Waste
Area,

Cm2

Digestion Offgas Rate 
ml/minTotal Moles/kg wasteHNO 3 

Add 
Point

OffgasH2S04
Source Stirred To Clearml/minRun No.

Below

0.088

Above

0.07?

Below

Used
Used
Used
Used 0.083

Above

Below
Used

0.095
0.091
0.088
0.081

Above 0.86
(0.75) 

" 0.50 
" 0.50

Below

Above

Below 0.092
0.092



TABLE 3

SUMMARY Of ACID DIGESTION RATE TESTS—POLYETHYLENE

Exposed
Waste hno3 hno3 Total Digestion Offgas Rate, Moles/kq waste

Temp. Area, H2S04 Add Rate, Offgas, Time, min mi/mm Input
Offgas(d)Run No, °c Cm2 Source Stirred Point ml/min ml 901W To Clear - AveW Max1cl HNOj

16R1 250 20 New Yes Below 1.00 2400 15.7 18.0 137 165 283 100
16R2 31 IS Used H M 0.93 3200 10.4 12.3 276 320 180 133
16 13 I! ?(g) 38 ii 0.89 3200 6.2 7.8 463 920 108 133
15 IS 13 Used H 31 0.41 3300 11.9 15.5 250 410 99 138
15R 11 83 Used " 11 0.38 3320 11.3 15.9 265 440 94 138

5 if, ii Used H M 0.10 4050 32.0 40.1 114 170 63 169
5R it '* Used 13 18 0.10 3360 16.2 37.0 186 310 60 140

45 E3 New it - 0 1800 16.4 18.0(h)
33.3(h)

99 115 0 75
45R ti New IS - 0 3340 28.2 107 140 0 139
21 „ „ New Yes Above 1.00 2180 11.2 12.3 175 210 193 91
21R "(f) H ? si 0.97 2720 14.0 16.0 175 190 244 113
18R "(e) 11 ? n it 0.73 2500 6.5 10.5 346 730 120 104
18 H H ? ti 83 0.50 2830 10.1 15.5 251 480 122 118
41-5 it „ New No Below 1.00 3320 17.1 18.9 175 280 297 138
41-2 ii New M 13 0.96 3440 18.9 21.0 164 210 315 143
41-0 n " Used It H 0.92 3980 16.7 19.0 214 290 275 166
41-4 Si it Used ,s Si 0.90 2350 6.1 9.4 344 600 132 98
41-3 it tt Used 18 0.85 3110 10.3 11.0 272 510 146 130
41-1 tt It Used H 0.77 2190 15.1 16.3 130 310 195 91
19 it U Used 13 ti 0.050 4150 20.6 40.0 181 380 31 173
19R n " New ii 0.044 3170 17.2 44.1 165 270 30 132
20 „ 100 ? Yes Below 1.11 2650 6.4 7,6 375 650 132 111
20R it ti ? S3 0.92 3020 8.9 10.0 304 800 144 126
25 i ! 8 ? „ Above 0.096 3090 6.8 40.5 410 750 61 129
25R n " Used it Si 0.078 2720 7.9 44.0 309 600 54 113
40R „ It „ No Below 1.00 2720 6.7 8.2 365 900 118 113
40 it 11 H H it 0.80 2630 5.8 9.4 406 640 128 110
38 225 20 T Yes Below 0.99 2740 22.8 25.5 108 150 396 85
38R " H Used 13 ii 0.89 3715 19.0 23.7 176 250 330 108
37R "(f)it

" Used ii 81 0.61 4580 35.0 37.0 118 190 246 191
37 It Used it il 0.52 3000 26.7 30.4 101 130 352 125
36 t! Ii Used ti it 0.12 2040 62.6 78.0 29 48 141 114
36R Ii H New ii H 0.10 2580 55.4 80.8 42 57 124 155



TABLE 4

SUMMARY OF ACID DIGESTION RATE TESTS-HYPALON RUBBER

Exposed
Waste HN03 HN03 Total Digestion Offgas Rate, Moles/kg waste

Temp. Area h2so4 Add Rate Offgas, Time, min mi/min Input
Run No. °c Cm2 Source Stirred Point ml/min ml 90% To Clear Ave(b) Max(c) HN03 OffgasW

23 250 5.9 ?(g) Yes Below 1.00 1790 7.9 8.5 205 250 133 75
23R as 88 ? at 88 (0.95) 1810 8.2 8.7 200 230 (129) 75

8R " IS ? ai II 0.50 1515 12.0 15.3 114 200 120 63
8 Ii ? y M 0.41 1610 10.4 16;5 140 170 107 67

44 M 1! New ta
- 0 825 85 116(h) 8.8 78 0 34

44 R SI 88 New ia
- 0 1200 62 69(h) 17.5 66 0 50

24R "(e) il Used Above 1.00 1815 8.3 9.0 197 260 141 76
24 "(e) ;s 18 M 88 0.95 1639 8.4 9.9 175 220 148 68
17 IS " ? ii 88 0.50 1600 12.6 14.6 114 230 114 67
17R 1! si ? 81 0.45 1580 17.7 19.0 80 190 134 66
17R3 " 81 ? 1; 88 0.44 1560 15.5 17.5 91 180 122 65
22R Ii „ Used No Below 0.92 2300 10.4 10.8 198 260 156 96
22 Si 88 88 81 a; 0.79 2300 12.5 13.0 165 180 160 96
43 225 „ New Yes ia 1.00 2580 18.6 19.7 125 220 309 108
43R ii 81 Used 8! H 1.00 2360 15.9 17.7 134 160 271 98

7 " Ii New 11 81 0.58 2500 27.1 30.0 83 100 273 104
7R " as Used 81 8! 0.48 1900 20.3 22.5 , 84 145 170 79

Notes to Tables:

^Time for generation of 90% of the collected offgas volume.
^Based on the time required to collect 90% of the total offgas volume.

1 'Maximum sustained offgas rate (2 10% of the offgas collected at this rate).
^Based on the collected offgas volume at 24 liters/mole, 
felv 'Temperature slightly high during the run.
m
' 'Temperature slightly low during the run.
^Source of H2S04 not identified.
^Incomplete digestion; solution failed to clear but no waste fragments visible. 
^One ml/min = 1.9 g-mole HN03/hr per liter of H2SO4.



The final two co 1umns of Tal)1es 2 ) and 4 concer n tihe st.oicf >f

the re verall n-ddti ons invrolve ci dlaticin b;/ bot h HoS0a and

HNO,, , » NO, n2, H_0, indi (f cif n.ypalon) I-1C1. With

the la , excess NO,, shouild eff ec tiive ly bie ci hi ' 1 in» *-i Hid m

oxidiz or in re<ictiing with NO and wa ter to 'form HNO,lE) and

HNOo. 1 >|'ri i"t0 HHm should ;ils() reac:t Vnth S0,> t■0 T C!rin ;SO3, whii;h would

be absi h?so4 Thus, 1;he pre dom 1 nent spc;cies col-

lected would be CO, co. SC>«» NO an d Np Sign!f ic<int amounts

OC
/)O cted onl’/in runs; whlere i ns;uff i c i ent HNO, i $ added

to the t with b<3th the Vifast:e and #i t h th10 SI 12iJ’d'J « D»»I3i4W tl -w- ■/iously

determ try for 1the diges c)n rea ;i 0ins i ndi 1cated th<it 90% or

more 0 evolved as C0? atnd that tlle NO t;o N.iy 0 a c io ■in the

nitric products is typic:ally aboul (4)
U:sing the;»e values.

the of s shown 'in 1fable 5 sihould >e obtaiine«d at comfilete

digest he waste iiial,er i3i ire coimf10s ed cif pilire monomers.

CrtLCUL^TED i T fll- *f i <H -ROM D1GES OF PORE WASTE

Moles of HNO^ 

per kg Waste

i'll' 11- (# M > pHt ... II, rM

se tij | »/r- ( hf ilpgv Ov". iinri Puhbelb^

0 10? 190
10 0 ff ociZt)/ 177
25 80 r J 161
50 65 134

100 ITu 1 168 109
150 85 158 i frl
200 65 i'v 109

Ranged0)
l 3 150-111 273-285 si n (i« i) •««. ■»n.: n
Excess HNO3 51-86 112-214 78-147

(NO/Ng = 3).
•V- ni\, anT

(b) H ,*palon monomer is assumed to be (CH2)90(CI!f hi'.CHSOsCI; FW =

(c? Products are (.0- and SO2 or NO for upper 1 Tsri * ri\s CO (CO/CO2 = 0.2) 
and SO? or N? for lowei
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Comparison of the theoretical quantities of off-gas in Table 5 with the 

measured quantities in Tables 2, 3 and 4 indicates that the reactions were 

apparently incomplete at the time the solutions cleared and the runs ended. 

Previous laboratory tests made with a similar apparatus indicated that 20-25 

percent of the waste is converted to soluble organic materials that digest 
relatively slowly.^ In these earlier tests, 36 grains of mixed waste 

materials were fed to the digester over a four-hour period together with 70% 

nitric acid at about 0.7 ml/minute. Total organic carbon in the digester 

acid was analyzed at the end of this time and periodically for two to three 

hours following the last waste addition while holding the temperature and 

nitric acid flow constant. The organic carbon content peaked at about 10 to 
14 g/liter and decreased at the rate of about 0.024 g/minute at 230°C and 

0.043 g/minute at 250°C. The peak organic carbon content corresponded to 

about 24% of the carbon introduced to the digester in the waste materials.

The soluble organic carbon compounds have not been ident if led. hut two 

likely candidates are oxalic acid and benzene hexacarboxylic (menitic) acid.

The various relationships between digestion rate and the most important 

variables determined in this study are shown graphically in Figures 3 through 

8. The illustrated runs all were made with wastes of low specific area in 

the stirred digester with nitric acid added below the surface of the

solution.

Figure 3 shows the relative digestion rates of paper, polyethylene, and 
HypaIon rubber at 250°C with nitric acid added at one ml/min. Note that 

paper reacts much faster and produces less off-gas than either polyethylene 

or Hypalon. Digestion to the free carbon endpoint (clear solution) was com­

plete for all three materials.

The effect of nitric acid addition rate on the digestion rates of 

Hypalon and polyethylene is shown in Figures 4 and 5, respectively. Note 

that digestion of Hypalon and polyethylene was incomplete when nitric acid 

was omitted. Nitric acid strongly assists in the carbonization of the waste 

and is essential in removing the free carbon within a practical time.
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Finally, the relationships between 'buestion temperature and digestion 

rates are shown in Figures 6 through 8 for Hypalon, paper, and polyethylene, 

respectively. Digestion of the free carbon was complete for all six runs 

shown in these three figures.

Although there are some ambiguities in the data, the test runs indicate 

that th-. re 11ut ing coicbn.-.ns would produce the maximum digestion rate:

High temperature (above 225°C).

Nitric acid ac n rates greater than 1 g-mole/hour per 1 iter of

Nitric acid a< the surface of the sulfuric acid.

Supplementary agitation, if necessary.

High spe eas of waste materials.

In general, RADIU currently uses processing conditions which favor high 

digestion rates. It uses about: 50 g-moles of nitr"r 11 oer kg of waste 

added at the rate of about 1.7 HNO^/bour per liter of HoS0^. Efforts

will be made to optinn i «H tm ih r <riab1es within the RAP in system.
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TEMPERATURE: 250 C 
70% NITRIC ACID ADDITION 

RATE: l.OMUMIN

WASTE MATERIAL, 1 g EACH

PAPER
^ 14R POLYETHYLENE

RUBBER (HYPALON)

A DIGESTION COMPLETED

TIME (MIN)

FIGURE 3. Relative Digestion Rates of Paper, Polyethylene, and Hypalon 
Rubber. HEDL 7811-146.5

70% NITRIC ACID ADDITION RATE

_ 0.0 MUMIN (INCOMPLETE DIGESTION) 
— 0.5 MUMIN 
_ l.OMUMIN
A DIGESTION COMPLETED

TEMPERATURE: 250°C 
WASTE: I g HYPALON RUBBER

- ;/

TIME (MINI

FIGURE 4. Effect of Nitric Acid Addition Rate on Digestion of Hypalon 
Rubber. HEDL 7811-146.3
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/ 45R

TEMPERATURE: 250 C
WASTE: 1 g POLYETHYLENE

70% HNO, ADDITION RATE

— 1.0 ML/MIN
_ 0.L ML/MIN

_ 0.0 ML/MIN (INCOMPLETE 
DIGESTION) 

DIGESTION COMPLETED

5. Effect of Nitric Acid Addition Rate on stion of Polyethylene. 
HEDL 7811-146.7

70% HN03 ADDITION

RATE: 1.0 ML/MIN
WASTE: 1 g HYPALON RUBBER

TEMPERATURE ( C)

2 DIGESTION COMPLETED

TIME (MIN)
6. Effect of Temperature on Digestion of Hypalon Rubber. 

HEDL 7811-146.6
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70% HNO, ADDITION

RATE: 0.1 ML/MIN 
WASTE: 1 q PAPER

TEMPERATURE ( C)

------ 225
A DIGESTION COMPUTED

TIME (MIN)
FIGURE 7. Effect of Temperature on Digestion of Paper. HEDL 7811-146.4

70% HNOj ADDITION

RATE: 0.1 ML/MIN 
WASTE: 1 g POLYETHYLENE

TEMPERATURE ( C)

M DIGESTION COMPLETED

TIME (MIN)

FIGURE 8. Effect of Temperature on Digestion of Polyethylene. HEDL 7811-146.2
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