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; d YI' Na*-H* ION EXCHANGE EXPERIMENT Na/H-IIT '
———— WRITTEN BY:  R.T. PABALAN DATE WRITTEN:  October 25, 1991
. REVISION NO.: Rev. 2 of Na/H-1 LAST REVISED: March 16, 1992
OBJECTIVE: —
- Determine the importance of the ion exchange reaction: L

H* + Na-Z = Na* + H-Z . T

Ion exchange reactions between H* and Na* may affect sorption studies on zeolites at—
acidic pH'’s.

—— EQUIPMENT: —
ORION pH/mV/ISE/°C meter

Combination pH electrode v

Automatic temperature compensator probe _ » , .

Na* ion selective glass + reference electrode —

Analytical balance

New Brunswick gyratory shaker

~ee SUPPLIES: 7

pH buffer (pH = 1,2,4,6,7)
Na electrode ionic strength adjustor
Na concentration standards T
22 15-ml polypropylene (PP) bottles ™
22 50-ml polypropylene bottles
6 250-ml PP bottle
11 10-ml volumetric pipet
6 50-ml volumetric pipet ]
5 glass droppers o
ultrapure water, preequilibrated with atmospheric CO,(g)

~PROCEDURE: ' ]
1630 Jus T '

1. repare aqueous solutions of initial pH given in Table 1 by taring the amount of
ultrapure water (>17 megaohm), which has been preequilibrated with atmospheric CO,(2),
indicated in column 2 into pre-labeled 250-ml polypropylene bottles. Measure and record
the initial pH of the solution (~5.65) and add the appropriate amount of HNO, shown in

S columns 3-5 of Table 1, dropwise, until the expected initial pH eiven in column 1 is




Tablel. .

HNO, to add-to ultfapure water

14 .

{ 1 fs i i e il bt < [
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03/20/77/ 1350ks -

|

number-of. drops needed o be added was calculated usmg a valué“of 0.037 ml/drop,
which is based on the calibration of the glass dropper conducted previously in Kinetic
‘Experiment-IA. -If another type of glass: dropper is used, calibration will have to be
redone. Take care toiswirl each bottle by hand between additions of HNO, to thoroughly
mix the solution and to achieve equilibrium pH. -

After the target initial pH indicated in Table 1 has been reached, cover the bottles
with a porous material (e:g., kimwipe) and agitate for at least 24 hours using a gyratory
shaker set to:~130 rpm. After this period, take a 10-ml ahquot from each sojutiop and
remeasure. (and record)“the pH.

For eafh mixture grven in column 1 of Table 2, p1pet 50 ml ol
1mt1a1 pH:igiven in column 2 of Table’ 2 into pre-labeled 50-m1 p
weightsiof. the zeohte powder (CDV* 100/200*UC*WA*HL*CPT (

3 on. weighing, paper,: “and carefully transfer the zeohte into_the: appropnate PP bottle.
Place theAcover on each bottle,. then keep the mixtures agrtated on a gyratory shaker.

CQDM‘E

°\ After a-period 6f three: days and no more than 5 days, take;a 10-ml aliquot from each |
solution using a volumetric pipet, transfer into appropriately labeled (e.g., Na/H*III*1a*1)
, 15-ml polypropylene bottles. Add 1 ml of i 1omc strength adjustor to each bottle and save |
ol o E for-later analysis using a sodium ion selectrve electrode. Then measure and record the [
N f?‘s | pH and temperature of. each_solution (e.g., Na/H*III*la) ’“"Also measure the pH and (—
efl= B | temperature .of the 4nitial solutions (IS*th) : .
- % 3,1; - st Trivgk ke P -
k) : | ‘ PREPARATION: = _ f R —
. nlnlwvn| - e '

2 NS S —
w148 ‘ | 1. Preclean the glassware and PP bottles to be used by soakmg in ~10% HNO; |
L I overnight and rinsing them at least ten times w1th ultrapure water.

o — -
'ﬂg&;ﬁ' FERE ® 2. Prepare at least 100 ml each of 2. 5 0.5, 0.1, O 05 and 0.005 : m HNO, solutron —
2 A o w \Pn' | Store in precleaned and appropnately labeled PP bottles. L
st R ) i
p= % \n| 4 \Ittw \n _ -
: ; 3. Check calibration of glass droppers if needed. . ¢
= § olololololo 3
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/}'ZV‘/Kinetics Experiment MK1

Initial pH approx. 6.0, 7.0; 0.1 M NaNO,; equilibrium with atm CO,

Based on Kinetics Experiment K3 by R. T. Pabalan
Adapted Aug. 25, 1992

Revised Oct. 23, 1992

OBJECTIVE:

Determine the time needed for sorption equilibrium between 23U

Velordd

solutions and the clay mineral montmorillonite.

7 /Z %///«/ Prcew ‘5?4&1&1&/4:47/ (5 s g/
L2 ///’/féa/‘cuﬂ m/c@? fﬁmmgf&a /1454_7(

NOTES H

@5’&() //}’VVL ﬂ/as rva( (s é/”t?(hd:/%“/é c/cad. iy g ),

Maximum sorption of uranium on montmorillonite is expected to
occur at a pH similar to that obtained with clinoptilolite, i.e.,

pH approximately equal to 6.5. The ionic strength of the solutions

will be kept constant at 0.1 M NaNO3 Initial pH of the solutions

will be at 6.0 and 7.0. Initial pH of the 50 ppb 23U stock

(T2

c
’? //aéf 3«7@541/?”5 #p fwwwwﬂféjé/d&b

solution will be adjust:ed by addition of NaHCO,. The amount of
NaHCO3 to be used is determined by EQ3 calculations.

(2028 40/%74244/ 4{7/}5 59'/7((11

s, i

MK1-1: Solution MK1-1 (2 bottles)

- initial YU =

50 ppb

9/7 44-27). h b b foryee d,

50 X055 /)..«,(ﬂ, s 444//4%5%/ b

- activity of 50 ppb U solution = 0.480 nCi/g
- initial @ = 0.1 + x where 0.1 is from NaNO, and x

is from NaHCO,

initial pH = 6.0

. f)/YH(Yl d C’J

”////
4,5 Af a)/// é@

- initial solution mass = 500 g
- weight clay used = 0. 5 g Otay montmorillonite
supplied by Wards, <2 micron,

carbonate pretreatment (also removal of organics and

free iron oxides), sodium form

- equilibrium with atmospheric CO,(g), pCO, = 107% bar

//)///g/% )
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Wﬂ/mé&W/ /M/ cews il sbAan

MK1-1-A: In a pre-cleaned 4 liter plastic bottle, prepare

/4( ,UO: //,—Méf/' se¢ ou sed once more.

1600. g of 50 ppb U solution by diluting 160 g (carry in 500 mL
glass beaker) of a 500 ppb **U stock solution (in 0.1 M NaNoO,

7 Tk fmgf R A el

matrix; prepared previously from commercial 50 ppm 233U spike) to a
total of 1600 g by carefully taring 0.1 M NaNO, solution into the

Xl

plastic bottle on a Mettler 4600 balince.

500 PHM olresFE
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MK1-1-B: Transfer three 500 g aliquots of the %68 ppb solution o (‘Z_Z_\_Z i ;

into three 500-mL polypropylene (PP) bottles labeled MK1-1*A, MK1- P

w}q

1*B, and MK1-1*C. Transfer the remaining 50 ppb solution into a
125-mL bottle labeled MK1-1*1U. The bottles will need radiation

stickers and a listing of the measured radiation level, isotope and
cherg:.cal solut:.on contalned estimate of the activity of the L

Take 2 5-mL aliquots of solution MK1-1*1U using an adjustable
pipettor with disposable tips. Transfer the aliquots into
prelabeled and pre-weighed 50-mL centrifuge tubes. The labels will

be M.‘Kl 1*1U*a or *b.
Rewe:.gh each tube aft:er addltlon of the sa.mple.

Add to each
sample using an Eppendorf micropipet 250 L of 1 '

.0 M HNO, solution

for later analysis with alpha-spectrometry.
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e emircion glegs TRIaTately,d-2 cpiculated veing 503) using Uy (335 .43  gol ¢37 _zlé
compensator (ATC) probe should be immersed in water in a separate ‘ ‘[ — ..
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solution.

atmospher:.c

Measure the pH of the solutions periodically until-a constant

solution agitated on a gyratory shaker to equilibrate it with

value 1is reached. This step may take at least 10 days Then&

Carefully add 0.0036 g of NaHCO, to each 500 mL 2°y
Cover the bottle with a porous material and keep the

Lor Jo W,cf(,e/ea,z,,/e

CO, (g) .

proceed to the next step.
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Take two 5-mL samples from MK1-1*A, *B, *C every third sampling
time. Label the second sample MK1-1*A*ib or *B*ib or *C*ib.
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I/%&MMF_ After the 1

ast samples have been taken, take 2 5-mL
aliquots of solution

MK1-1*1U using a 10 cc syringe with filter as
described previousl

Y. Transfer the aliquots into pre-weighed 50-mL
centrifuge tubes. Reweigh the tubes after addition of the sample

Add to each sample using an Eppendorf micropipet 250 UL of 1.0 M
HNO; for later anal

f (Nej‘)//ﬂz Bﬁﬂ/kyﬁmfgz_g%_‘z‘_g .
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ysis using alpha-spectrometry. Label the
bottles MK1-1*FU*a or *b. ,
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//im# es {w ‘/‘4_ 2 ‘{ whcFrsh. 4 ' : Kinetics Experiment MK1A ‘

7, Initial pH approx. 6.0; 0.1 M NaNO,; equilibrium with atm Co,

s Ve s AL eresccs & foue

CePt Based on Kinetics Experiment K3 by R. T. Pabalan
77T v o I L0 J , s E | Adapted Aug. 25, 1992
1‘ St u Wad /o ) oV 4 é Y 4 : i B Revised Dec. 2, 1992

133 PA Tee B Mol soleton sonleros 'f&.dfgz.w 4 | » |

E Determine the time needed for sorption equilibrium between U solutions and the clay ! ‘

. . / 4 . ,/ {. ) U . mineral montmorillonite from the Source Clay Repository. | !
reglace fast] . S 3 :
7 1 n
‘ . NOTES: i

k ; ‘1' ﬁ/ ,{* ‘ g/ QZ @@ . | ‘ Previous experiment MK11 did not reach equilibrium within the expected time (24
/7, g'g_é/i;, // yZ/ (o A 724 3 /{/ “‘¢ e B2 “)é 2 /‘J LA ; £ 3 hours). This may be due to the mineral having contaminants in it that were not removed by
. i cleaning. This experiment will duplicate experiment MK11 except for the montmorillonite clay

. " . used. This time, SAz-1 ("Cheto", Ca-form montmorillonite will be used.) Maximum sorption

’ v . D eCain .- E | of uranium on montmorillonite is expected to occur at a PH similar to that obtained with |

///Zg (52 | 1O/ Ze 3” WW J ~ = clinoptilolite, i.e., pH approximately equal to 6.5. The ionic strength of the solutions will be kept ,
! ! : E . constant at 0.1 M NaNO,. Initial pH of the solutions will be at 6.0 and 7.0. Initial pH of the j

50 ppb *U stock solution will be adjusted by addition of NaHCO,. The amount of NaHCO, to
be used is determined by EQ3 calculations.

A - / o e .

.
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A IL J

MK1A-1:  Solution MKI1A-1 (2 bottles) f

4,
/
/{

(A4

207 . @ « X
/' c M/ ) patid (v &
i o ',,

b ot

<% A ey  Vorfh: ) - initial U = 50 ppb
s . . o - activity of 50 ppb U solution = 0.480 nCi/g
ﬂ‘ ‘ - </ e W 2 & - initial Na = 0.1 + x where 0.1 is from NaNO;, and x is from NaHCO,
17 y, R N : . - initial pH = 6.0
ent a pord JHe P, G Ll s 4 spn oo R

weight clay used = 0.5 g Cheto montmorillonite supplied by the Clay Mineral
Repository, treated with 3 M NaCl to prepare the Na-form clay

’s [l beboeed wast K

- equilibrium with atmospheric CO,(g), pCO, = 10** bar

MKIA-1-A: In a pre-cleaned 4 liter plastic bottle, prepare 1600 g of 50 ppb U solution

u/28/9z (3557 ’7&34/,0«»6/ sofataq was replhced agucn.

by diluting 160 g (carry in 500 mL glass beaker) of a 500 ppb **U stock solution @(in0.1M
d NaNO, matrix; prepared previously from commercial 50 ppm *U spike) to a total of 1600 g by
/ carefully taring 0.1 M NaNO, solution into the plastic bottle on a Mettler 4600 balance.
1f2352 17367 Tlee 3H ploll 56/ohsw was seplaced. e
S . Sln BHOPI weidd of 500000 7 1) sl bion vsed: 159 g7, ___
H 8 porh o f Ao V- sesked e, 45 reyp e o ¢ CQ‘ZLAAJ@LJ 234 5¢e Qa_,l,bqawovf}’!{/dﬂok(oodkn p, 152
ﬂ’, y / / PIYan . > AL ¥ g l‘;, s € -[.ﬁ-f ﬂox %

Nreec, 0.

! S5 TR
ﬂéa‘/% 50 _oph %) 5#/@4f"‘-,z>r-c'mr(a{: /&300:2*__‘_:2/1,17@_%

— MKIALB: Transfer three 500 g aliquots of the 50 ppb solution into three S00-mL :
pelypropylene (PP) bottles labeled MK1A-1*A, MK1A-1*B, and MK1A-1*C. Transfer the ‘

/’
W K7 - Ra A s

remaining 50 ppb solution into a 125-mL bottle labeled MK1A-1*1U. The bottles will need
radiation stickers and a listing of the measured radiation level, isotope and chemical solution

/ v
&l ln g Ut 22 .2

contained, estimate of the activity of the solution, and the date.

i1/36/%7 \egaiFrz 7. LY setad a w20 s *%:Z«.ziajsé»«__: -

ool ues L] ol el i bells HEU- KA 500.20
fees™ i3 CERPTTXY

t2)oe )52 04081 Tle 3 A

KC ‘ 300.70
Y 1/) A -




56

EEE——————]

57

A UMD~ I XA A B Xc Lo 5l O
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~ Take 2 5-mL aliquots of solution MK1A-1*¥1U using an adjustable pipettor with | F7 /L/ /é'Z 292¥ &.82 le. 7Y (.56 20 &
d’I:epol:bgtva:lsl meMnIs(ﬁ ﬂlxi lall;gzllcg}s 1*1::0 prelabeled and pre-weighed 50-mL centrifuge tubes. ¥' r Z /7 /q 7 ﬂ 99 2 7 00 (; 72 700 et
Reweigh each tube after addition of the sample. Add to each sample using an Eppendorf / Z/?/?Z é75— < 7% 7{ J 73 (:’ '9/4 ‘/ WA
1. mlcropxpet 250 uL of .0 M HNO3 solution for later analysm with alpha spect.rometry ('. / Z/ /?/932 0F 2_7/ 0.7 7 ,D” [,%%Z_ 0.7 0 (0.9 / /7.7
(423 woe. rLJ %AJW Ml /ﬂ (ke 10,9302 g (2/16/32.0502_ T 83 (.73 (.9¢ 74
- Xb : [0 T2 43 v /z//7/9‘/ 0855 &. 80 e b .50 /5.7
e AM moﬁmlm MEIA -k 1OKa 50302 /7//;//97 w0 {3 L. 70 ¢.¢cl _&x¥ 17./
0 b 50265 ﬁ '
[JoL /9 140t P Twe ~5y pfmsd th- m&«(z/ Clel'shoy weshal
MK1-1-C: Measure and record the initial pH of solutions MK1A- 1¥A, MK1A-1*B and MK1A- s the “e /’Y/a 7 /!(c' 4L ﬂﬂ 53 ) ‘7/ jdf/ ﬁ/fffyu//m,

1*C (approximately 4.2 calculated using EQ3) using a combination giass microelectrode. The
aumauc temperature compensator (ATC) probe should be immersed in water in a separate

/r/a )’/C V. Jf /a,é(/e/ ~54!é ///KA%JK//M/& 4‘14 '7

U a@i st by Texes Toch or eh o m. a/M /1/5:5.7 ‘

fons AJ,,A/,/ er/JM MKIA- />1(/4 : ‘/2? @ 2/l/C.
KB ' 432
XC t+ 3]
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¢ Gro976-24)

Caref&ﬂy%dO@O%gefNaHCO,toeachSOOmL”’Usomm Cover the bottle |
thhaporousmamemlmdkeepmesolxumnagxmedonagymmryshakerwethbmenwmh

B /2147

ﬂ/ﬂé/,pﬁ Vg~ Mlh o/ //M/A wWasd [ fez_
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o/ /a‘ Mo a5 added. (01 WA, 00, fof #4100 #5-2¢)

/14 //Lcé /94/%)“‘4/ WET 5¢bd.f@/ﬂ/7[;/yvt %e /‘Cf%éq i

atmosphenc COy(g). ‘
we. rl,ol 5/’ Ma M(Oq fﬂg_ffggé 222)&‘12&!‘-
(O uEp YU XA To, 00325
KB 0.003¢
Ke 0.0038
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Measure the pH of the solutions periodically until a constant value is reached. This step
may take at least 10 days. Then preceed to the next step.
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MKI1-1-D: Take 2 5-mL aliquots of MK1A-1*A, MK1A-1*B, and MK1A-1*C using an

adjustable pipettor with disposable tips. Transfer the aliquots into prelabeled and pre-weighed
50-mL centrifuge tubes. The labels will be MK1A-1*A*I1 or *I2. Reweigh each tube after

addition of the sample. Add to each sample using an Eppendorf micropipet 250pL of 1.0 M
HNO, solution for later analysis wit.h alpha-spectrometry.

7

s C .
vk)'e:\' % " .
™ W (B—AKAXT) L. 1.: 0 7402 samgle i 50477
" AKT2 & o, ¢499 L $.09407
" BXT/ L [0.724 ¢ 50493
- BKI2 1 [0.7¢53 503983
L CXT/ t10.705F ! X 0390
CkT2 0,73 %2 5.0 390
e N
;";"a"; a " M’l;len lnto boMeg MKlA-l*A m;d MklA—l*B (NO';;; ;IKIA-I*C), add 0.5 g og Na:‘ N v
b montmorillonite which was previously tared onto weighing paper. Record the time and room

" temperature. Solution MK1A-1*C is the control experiment to determine uranium losses to the \
LJ J container walls. Keep the solutions agitated on a gyratory shaker (note the approximate rpm of }
i the shaker on the notebook). ‘

i MICIA-IXA + 5 0044

»-

MICA-(KB +  5019d

goovn lowp (4.4°Ed @ )34

rp WM L 125 ‘ :

MKI-1-E: At atime approximating the values listed below, take one 5-mL sample from MK1A- ;

1*A, MK1A-1*B, and MK1A-1*C with a 10 cc sterile syringe in the following manner: connect
the 10 cc syringe to a Dynagard polypropylene filter (0.2 micrometer pore rating, 3.9 cm? surface

area). Withdraw 8 mLs of solution through the filter. Eject 3 mLs of the solution back into the
sample bottle to wash clay back out of the filter paper. Remove the filter from the syringe, add

A—# “6,/; 4
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vy . 4
I, “f, 7Y Ry (2.9 37
- [ KB Lo 75 [9.3 [R5
| k< G. 306 / 93 [3.5°S
z XA .96 /5.9 /535
z XB (o, D9 /7.5 L5/
rd X C. 492 (5. % {52
3 XA 6. 90 20.1 2053
5 X3 e 29 20.2 5 (657
_ 3 XC L. 9¢ 202 2770
Y2 ¢ MKA-KA &. 7% 20.3 0F55”
ﬁ & KB .21 20.3 002
4 XC .57 203 (3967
5 M-Ik G:-9¢ 9/ / YR% 4
i KB . 9/ 20/ [ L5755
' 9% 7.0/ 2/2 170 2
Yo | ¢ UHEA-[4) .95 (8./ 053
' ¢ X3 (.92 (2. b ¥
| ¢ Xc (9% (2.2 D52
Mo | 7 MEA-LKA C.9G R 07 0933
g KB .50 /6.2 094
7 K< .95 1.3 034C

5 mL of the withdrawn solution to a pre-weighed 50-mL centrifuge tube, replace the filter, and

put the rest of the withdrawn solution back in the solution bottle. The filter is to keep the
montmorillonite out of the sample aliquot. (The syringe and filters are disposed of). The

MKI1A-1*C sample can be taken with an Oxford pipet with a 5-mL disposible tip.

Reweigh each centrifuge tube after addition of the sample. Add to each sample using an
Eppendorf micropipet 250pL of 1.0 M' HNO, solution for later analysis with alpha-spectrometry. I
Label the samples MK1A-1*A*ia, where i is the sampling time number (1,2,3...). :

Take two 5-mL samples from MK1A-1*A, *B, *C every third sampling time. Label the second

sample MK1A-1*A*ib or *B*ib or *C¥ib.

In addition, measure the pH of each solution. Record the pH and solution temperature.

_____ . t .
e SR

Use the following atime (hours): 2, 4, 12, 24, 30, 36, 42, 48. These may ‘be changed if

necessary. The solutions are expected to reach equilibrium in roughly 24 hours.
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Based on Uranium Sorption Experiment B-I by R. T. Pabalan
Adapted Nov. 4, 1992

)0?9’?/7 ~/75.3 ¢ %/l/a M///J?/,Z?é?) wa S we fé@/dcg%  Revised Dec 22, 1992

"o d d LM i a 1000 2. (4. a a _~— OBJECTIVE:

-3 M /j a_fﬂ Z d‘/_g)/ . To investigate the importance of uranium sorption on the clay mineral montmorillonite
i i as a function of solution pH and total uranium concentration. Experimental data will be

L correlated with uranium aqueous speciation.
'/ﬁ @P/&/ ﬂ,a C/ 7% 74— é 25 108l @ cavers PJ QLo 7% 3 /q /U '3 ﬁ 5. 4/ &JZ/L( ’ ‘ To investigate reversibility and reproducibility of uranium sorption reactions.
“%C (2 . '?f‘/ . j/ & ‘“44 C Qe / .. ‘ EQUIPMENT:
.(Zﬁ Y G o r ? /"/ /Ua 50/ W Gyratory shaker or constant temperature shaker bath

EG&G alpha-spectrometer
@ Yo, )f) g é ﬁ/& éo % & a2 500 » Y/ f 28 3 ORION pII)-]/m\‘/)fICSFﬁC meter
L ' L | Combination pH electrode
é : : : E Automatic temperature compensator probe
Analytical balance
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— SUPPLIES:
’ H bufft ,4,7,9, 0
e 11) 125- anI: g)I:)I;Iﬂe (ioto?mmls )I*IU) 6 £ )k 4;7 /4/‘2 >) O
f 39 50-mL centrifuge tubes (to contain experimental mixtures and control solutions) -
e 82 50-mL centrifuge tubes (to contain samples for U analysis) ..g "7
' 1 50-mL volumetric pipet (to pipet‘SO ppb U solution into PP bottles) l, 3.0 O
[T, 1 5-mL volumetric pipet (to pipet 0.02 M HNO, into 50-mL centrifuge tubes) i s
1 4000-mL plastic bottle (for preparation of 50 ppb U solution) : 3 20/
— 3 glass droppers (for adjusting pH by addition of HNO,) F ~
| weighing paper . o . ] =, 5
My -1 Oxford adjustable pipet (for taking 5-mL samples) with disposable tips — f
! 10 i for takin les with clay in th A . W
i O.ZCI;if:yr::gl;syn(agmrd pglys;l:;gylsel:: m:mgral?le tglltl;)rs > 25 /)/é 2050 LO, 73 Z f
Na*-montmorillonite : L ~ 00O ‘7/& 2 ?é ?‘ / O. 7é502
?4‘"-' ;i)aogentbg[rjaiewial;ls%m repared from 50 ppm *U commercial spike -; - ?/é . & é o 93 / Q)
— 2L 0.1 M NaNO, stock soluion ’P P 3 i .22 N2/} (O Y
: 1000 mL stock solution of 1.0 M HNO, r : '
— 1000 $L :gk 3111222 gf 0.1 M HNO, 3 d 3’@/ 4é 033 / [0 23
. 1:)3;) mL sto:;k solution of 0.02 M HNO, - £, =5 /7/4 L7330 f0. 7020
i ultrapure water 7 »
. | S 500 Y. (078 (0. 7¢37
;. 1 5295 Y6 [ P20 (0.7 374
'“__‘ PROCEDURE: '5 3.5 0 LG 05C < 10, 7¢ O%
U-—«f Solution S-I (1 centrifuge tube for each pH value) : b 75 ’9/ ég 2?& ? / Q. 7‘7/5-.3_/
| nigal 3U = 50 ppb .00 WA +4 [O. 7225
-Initial Vi unit; a nts m r — o )
B -Imzal sgllumio thQ l"(])L every 0.25 pH unit; adjustments made with HNO, or NaHCO, O 29 /7/ é ) 5-3 ;) /0: 7 /;Z Z— /
-Ioni ngth 3 —
_ We asolie 1o e = 0.10020.001 ¢ ¢.50 Y& 0L (0.872/
. -Initial [Na*] = 0. s 5 = §
i e 2o 03 sted C. 7 Ye.l0// ez 95@
— Z.00 4,08 23 0. 725
I el e .4 0 ke 3 225" 761755 (0650
r“‘ ggﬁe o as& euiet:)& (t)(())ta; a?:n 250 g by carefully taring 0.1 M NaNO, solution into the plastic 7 3/0 é{ é . O 7? & / 0. 766 / 7
| : 2.79 Yl BROOS (0. 8200
JZe 5&0,9/ Széc,é' 4%//1« wsed rs 234 - see . Lo chgunsis e, 7. 00 oa?P ) v (0-$223
.., ;((qf«%z 000, The 0.M 1) 10s 56 pocp 5 cnidan_ 2 a5 Y6.07/8 /0.9
- a 3 50 A5 990F 10. 73?’7’“
1 Qf/d?/(--w(,‘cca/s/ 5 50,;94; **3¢) sx/aq{%w wsed: 205-/C7¢ L 9 o0 X/é YRy /@,729171
i Into each of 10 S0-mL centrifuge tubes labeled S-L.C*pHi*a (or b [where 115 2, 4, 6, 8, "
- 233 or n| roximate inif
W' [DRA (' [«1/0’// 5’ 010/ é d 5 J‘/ ad( aA 0 I*Cﬁ_a_g,g! 20 3 & dg solﬁtfonre pl;ls;s:n agreth:o?%:)lo soh:it.tlins ttloal(;:feﬁfntx}: fl(r)elx?:l?;] ht)asrse t-’c,xotie(’fcg:letafgegp\?/;ﬂsmn;smz
- N B function of pH.
- 4 z‘;‘z,:a:;t:;;i;‘tﬁhms%‘?immm‘mxu:@? i : Fibe weilt ke weisld Opal >t
i ‘ ~/~C&¢/ ng 0. 5667 Ao (L35
; -0 L5 D50 205, 825, 9.0 — (0.4/77 Y6, /897
A f N RV us,/ £ e odded fo dite A2 A/ka 0., 7 99 e, 0OFY
- 5 7 ‘ - Y
I M#j 0 44 28 ‘ g1 tibewt: jo, T3TH b /0. 8304 “G, 0076
it 228 = 4 Feee gt 10, 7#53 |
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Transfer the remaining solution into a 125-mL PP bottle labeled S-I*IU. Take two 5-mL

Samples from S-I*IU with an Eppendorf pipet, transfer into pre-labeled [e.g., S-I-IU*a (or b)] and

pre-weighed 50-mL centrifuge tubes containing 5 g of 0.02 M HNO,. Swirl each tube and save

for later analysis of uranium concentration by alpha-specu'ornetry

Solution pH Amount of NaHCO, Needed,
Grams o

8.00 0.003387 . 00t
8.25 0.005846 o.0036 2
8.50 0.010409 O.QL(O¥T
875 0.019135 O.01965
9.00 0.036664 Co037/[9

19.25) [0.074694]

. 9.50] [0.167773]

it 53k adpeen U

N

5,027

»?

1L

: 36208

Table S-I-1. Amount of reagent grade HNO; or NaHCO, to add to 50 mi 0.1 m NaNO, !
solation containing 50 ppb U to result in pH values given in column-1. The amount of reagent ‘
fo be added was estimated using EQ3 calculations and assuming the solutions are in equilibrium |

with atmospheric CO,(g).

.7 © 1. For each solution S-T*pHi and S-I-C*pHL, where i < 4.2:
P W P

Measure and record the initial pH (4.2, based on EQ3 calculation). The automatic
~ temperature compensator (ATC) probe should be immersed in water in a separate container.

‘Sa/ '# /.a# Mﬂjo/«//m‘ A O
44*.06’,2@ MLl Vas < (/3
aL.77 <L 1C I 2R
3.00 Y. 17 2/-5" £33
3.29 ¥ 15 v vz &
3.50 Zrs # 42
3725 w5 ,, s
4—/’{@4 Y. o0 o V4 4 2/l& Y/ Zxe)
Sl ChoHf2Ke  44./% 206 V5
b /T z oz
“Ka 4 /G a (203
b < 17 " /2 OF

Adjust the pH to the value of  of each solution b
solution, the concentration and approximate am
solutions by hand. Record the number of drops
the attained pH. Cover the bottles with a kim
rpm. Monitor the pH periodically,

and concentration of solution added. Also record '
wipe and place on the gyratory shaker set to ~120 ’
together with the centrifuge tubes prepared in step 2 below.

by adding dropwise with a glass dropper HNO, .
ount of which is given in Table S-I-1. Swirl the i

Solution pH Volume of HNO, Needed, Drops Molarity of HNO,
(0.0394 mL/drop) Used
2.00 15 (0.605 mL) 10
225 9 (034 mL) 10
2.50 5 (0.19 mL) 10
275 3 (0.105 mL) 10
3.00 15 (605 mL) 0.1
325 9 (034 mL) 0.1
3.50 5 (0.19 mL) 0.1
375 3 (0.11 mL) 0.1
4.00 2 (0.06 mL) 0.1
Solution pH Amount of NaHCO, Needed,
Grams
425 0.000051 ®.0000%
4.50 0.000176 O OO0 2P
475 0.000246 9, 000 25
9T 5.00 0.000287 O. 600 X7
5.25 0.000312 O .one 2
5.50 0.000329 ~ 0032
5.75 0.000344 O.60073 g‘
6.00 0.000361 O.0003 &
6.25 0.000386 g .0003%
6.50 0.000429 O, DO 6
675 0.000503 0.00053
7.00 0.000635 0.060 5_7
725 0.000869 O.00090
7.50 0.001287 ©.,00]2%
775 0.002036 0. 00ft70
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) ) _ Tare onto weighing
paper reagent grade NaHCO, in the amounts listed in Table S-I-1 and transfer into the respective -é—éa—»--«—z-;—._h
centrifuge tubes. Swirl the solutions by hand. Cover the tubes with a kimwipe and place on -0 G-

Solution Label | # Drops | Conc. pH Soln.Temp. 1
Added | HNO, measpred °C x

i

S-T*pH2.00 15 w | 294 | Y ‘
spH225 | 89— | 10 |2./9 1% ‘
S-I*pH2.50 |A£ 5~ 0 |25 o 1
S-I*pH2.75 3 0 |\ 2,07 ®__ /
ST*pH3.00 |j345—~ | 01 |3 »n3 | 2/5 |
SI*pH325 |79~ | 01 | 3. 2« s
S-I*pH3.50 5 0.1 | 3.4 «
STpH3TS | JQ3— | 01 | 3. 4/ 2/ 6 ‘!
S-T*pH4.00 | )2~ 01 | 3.96 ” |

‘

SICHmfa y#as- | 10 |/, 97| 2/.6 ;
S-I-C*pH2*b |/ 445 L |/ 22 ¢ ;
 SI-C*pH4*a |/ -2- 01 |B3.8¢ " ;
SIC*He*d | (2~ | 01 |>.g5| 2077 i

gyratory shaker set to ~120 rpm. Monitor the PH periodically

until the pH becomes constant and

in equilibrium with atmospheric CO,(g). This equilibration process may take at least twelve

days.

Solution Label

g NaHCO, Added

G

e Lin

%3

) S-I*pH4.25 D177 =
l S-I*pH4.50 /
'?‘{ ] . } S-I*pH4.75
‘ 2. For eaf:h solution S-T*pHi and S-I-C*pHi, where i > 4.2: | - STpHS.00
Measure and record the initial pH (~4.2, based on EQ3 calculation). | ‘;/ d/ S-I*pHS5.25
y solud o X Lo g o] sote A S-T*pHS.50
! i 4 R
—— ~ . -
S-IK pHf*. 25 ‘9//3/ E 2./ SI*pHS.75
/ v v v S-I*pH6.00
% 50 ’ By S-I*pH6.25 }
vd 75 ~ S-I*pH6.50 )
| 5 02 s “ - S-I*pH6.75
‘ 2 j/ P o S-I*pH7.00 l
‘ _ S-I*pH7.25 ’
i e A2 2
g 2’5 0/ z/C "~ S-I*pHT.50 [
. .75 S LT S-I*pH7.75 I
i L. 00 p ’ S-I*pH8.00
n ¢.25 . ” STeph 25 |
J . 50 , o S-I*pHS.50 (
*’ - - : B S-I*pH3.75 ‘
, 6. 78 .16 STpH9.00
" 7. 00 AL L5 Y |
i : 7
, 7.25 o 4 S-LCrpHe*a ©.00039
: 750 o A S-LCrpH6 0-0003¢
: - : o S-I-C*pHB8*a 0.0023 4o
. 775 “ S-1-C*pH8*b 6.00352 '
£ 200 “ : 4 S-I-C*pHY.5*a 0.167%4 l—/
f 8. 9«.5/ . " 22.3 STCoHO 5% 0./6¢ cq 7 1 r‘”
’ - 850 i i
u 57Xkl
" /
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7 d) Tare 0.1000.001 g of Na-montmorillonite onto weighing paper, and carefully transfer into -

each of the S-I*pHi (not the S-I-C*pHi) centrifuge tubes. Swirl each tube by hand, replace the

cover, then place on the shaker.

ol/of}
/ ¥

el A LA L

< 'l;n,p AN%J,L
7

e) After equilibrium is reached (at least 2 days), take two 5-mL samples from each tube S-I*pHi

and S-I-C*pHi with a 10 cc syringe in the following manner: connect the 10 cc syringe to a
disposable Dynaguard polypropylene (0.2 micrometer pore rating, 3.9 cm® surface area)

membrane filter. Withdraw 8 mLs of solution through the filter. Eject 3 mLs of the solution
back into the sample centrifuge tube to wash the clay back out of the filter. Remove the filter

from the syringe, add 5 mL of the withdrawn solution to a pre-labeled [e.g., S-I-pHi*a (or b) and

pre-weighed 50-mL centrifuge tube that contains 5 g of 0.02 M HNO;, replace the filter, and put

the rest of the withdrawn solution back in the solution bottle. The filter is to keep the
montmorillonite out of the sample aliquot. (The syringe and filter are disposed of). The S-I-

C*pHi samples can be taken with the Oxford pipettor.

3.7 0. OO

At the end of the experiment, two samples are taken from solution S-I*IU and put in preweighed
test tubes marked FS-I*a or b and containing 5 g of 0.02 M HNO,.

0 A’) - 0.00]

Y. a3~ 0.100%

Swirl each tube and save for later a.nalys:s of uranium concentration by alpha-spectrometry

“4S Q. o004
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Kd vs pH; Equilibrium with atmospheric pCO,; Initial YU = 500 ppb

zo ? URANIUMS(‘)RPTIONiEXPERIMENT S-II:
of/20/93 I _

/0.559D - - YC. 1372/

Based on Uranium Sorption Experiment B-I by R. T. Pabalan
Adapted Dec. 16, 1992
Revised Dec. 22, 1992

10.5500D _Y6./332

9.5 10.264% - Y.0933

OBJECTIVE:

22y (0.727729 - . %6.065%

To investigate the importance of uranium sorption on the clay mineral montmorillonite
as a function of solution pH and total uranium concentration. Experimental data will be

30 [0.L377° 6. /32§

Lekd P

325 1p. 7433 _Yp.0ely

correlated with uranium aqueous speciation.

To investigate reversibility and reproducibility of uranium sorption reactions.

~ 335 10.954Y _46.0072

EQUIPMENT:

- 3257 (027373 __YG.0173. -

Gyratory shaker or constant temperature shaker bath
EG&G alpha-spectrometer

q4.0 /. $032  46./38s”

ORION pH/mV/ISE/eC meter
Combination pH electrode

Y29 10. L9925 - Y6.6237

Automatic temperature compensator probe

e AN 10.79399 Ye. 0919
R d25 . . ]0.7357 __HY¢.050Y
pH buffer (pH =2, 4,7, 9, 10) o~

$o .~ .*10.78/3 ... ¥C.0C63

1 125-mL bottle (to contain S-IT*IU)
39 50-mL centrifuge tubes (to contain experimental mixtures and control solutions)

25 . 10.992C .. YG.o5Y7

82 50-mL centrifuge tubes (to contain samples for U analysis)
1 50-mL volumetric pipet (to pipet 50 ppb U solution into PP bottles)

$o” 10. 90 7 YL 00g/
575 ___10.7513 Y6 (280

1 5-mL volumetric pipet (to pipet 0.02 M HNO, into 50-mL centrifuge tubes)
3 glass droppers (for adjusting pH by addition of HNO,)

weighing paper

. 1 Oxford adjustable pipet (for taking 5-mL samples) with disposable tips
10 cc syringes (for taking samples with clay in them) )
0.2 micron Dynaguard polypropylene membrane filters

¢.0 [0.7¢5Y Ho.l32/
3 Y96.02(9

Na*-montmorillonite

reagent grade NaHCO, 4 *
500 ppb U stock solution prepared from 50 ppm 2*U commercial spike

1000 mL stock solution of 1.0 M HNO, ‘ C.7 i 7 : '7( G*i—oy ¥g
1000 mL stock solution of 0.02 M HNO,

ultrapure water ' 20 _ /0 . 7‘/2~3 Lt : %Cg ) // ?‘;
- T EER R S— Y 107380 . 4L 023d

PROCEDURE: ) , ' 2SS 10. ?.f/ g = Y¢.09/¢

S 1m0 727 0.9247 — Ya /03]

:i:‘xlnti:ll EPIIJ: 25.?)0:3 l)9?0, every 0.25 pH unit; adjustments made with HNO, or NaHCO, ‘ - g'o ) Q * 7._‘) 9 7 A B *VQ: 00 7-3

lone gl = 0.1 M NNO, 825" 10.2242- - .. 46.6235"
-Ionic strength = 0. 3 ! 7

e 1)
-Wt. zeolite to use = 0.100£0.001 g . g, )’ /o ) 77._5’4 qé 'y 06 7 ,9
-Initial [Na*] = 0.1 M NaNO, + [NaHCO,] added : R A P -

T D10 ] e jo.z5es . Ye.orgs
I 4 e 9.0 . 107599 . 60106

2) Into each of 29 50-mL centrifuge tubes labeled S-TI*pHi [where i is the approximate initial o Into each of 10 50-mL centrifuge tubes labeled S-II-C*pHi*a (or b) [where i is 2, 4, 6,

pH of the solution (see below)], tare 50 g of the 500 ppb urar ivm S(fl,uﬁon' : 8, or 9.5, representing the approximate initial pH of the solution], tare 50 g of the 500 ppb

uranium solution. These are control solutions to determine uranium loss to the container walls
- as a function of pH. .

MLl oL,

S = -CKoti2Ka, (0.911¢ 4(.0203

.

Ca 20225 .. 275 4.0

x I 10.2775 46 .1(3 8
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Table S-II-1. Amount of reagent grade HNO, or NaHCO3 to add to 50 ml 0.1 m NaNO,

. solution containing 500 ppb U to result in pH values given in column-1. The amount of reagent
to be added was estimated using EQ3 calculations and assuming the solutions are in equilibrium

/o_f B /077M ¥5.1273

b) Take two 5~mL samples frém the 500 ppb stock solution (for this purpose called S-II*IU)
with an Oxford pipet, transfer into pre-labeled [e.g., S-TI-TU*a (or b)] and pre-weighed 50-mL

=t centrifuge tubes containing 5 g of 0.02 M HNO,. Swirl each tube and save for later analysis of
uranium concentration by alpha-spectxometry

~ - =

with atmospheric CO,(g).

Oy 4
'»‘/5" 203/¢

;—ﬂ-m :

135, 92% .. §.0040

ER o ':
.,
B Co

c) 1. For each solution S-IT*pHi and S-II-C*pHi, where i < 3.2:

Measure and record the initial pH (~3.2, based on EQ3 calculation). The automatic
temperature compensator (ATC) probe should be immersed in water in a separate container.

A LRSI

s—mﬁl_z.o N RT Y

el 3. /?Z i

.?73 " ‘ e

o " “‘/7’ g

3. /4"”4 - 12.0 _
'us’ - K

2t L “ %

e ERANCNTI IRV

q,,)az:é_—__z_'i]f 9/3 ‘7/‘/~ 24).

Adjust the pH to the value of i of each solution by adding dropwise with a glass dropper HNO,
solution, the concentration and approximate amount of which is given in Table S-II-1. Swirl the

solutions by hand. Record the number of drops and concentration of solution added. Also record

e ; _ﬁ_j the attained pH. Cover the bottles with a kimwipe and place on the gyratory shaker set to ~120

f rpm. Monitor the pH penodlcally, together with the centrifuge tubes prepared in step 2 below.
= Ty T —
Boson CagT e st ‘

Z £ » o S L3 *

Solution pH Volume of HNO, Needed, Drops Molarity of HNO,
(0.0394 mL/drop) Used
2.00 : © 14 (0.561 mL) 1.0
225 9 (034 mL) 1.0
2.50 5(0.191 mL) 1.0
2.75 3 (0.108 mL) 1.0
3.00 2 (0.061 mL) 1.0
Solution pH Amount of NaHCO, Needed,
Grams
3.25 0.000497
3.50 0.001743
375 0.002443
4.00 0.002837
425 0.003059
4.50 0.003185
4.75 0.003256
5.00 0.003299
5.25 0.003327
5.50 0.003347
5.75 0.003364
6.00 0.003384
6.25 0.003410
6.50 0.003454
6.75 0.003529
7.00 0.003661
7.25 0.003896
7.50 0.004317
175 0.005073
Solution pH Amount of NaHCO, Needed,
Grams
8.00 0.006438
8.25 0.008906
8.50 v 0013476
8.75 0.022214
9.00 0.039767
[9.25] [0.077855]
[9.50] [0.1710741
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e ng// e lpinsd srloshugp L. [HAD, s 4 soludions T-CHplle  pllomccaeed.  demp st oC
(s ptY 2.0 197 /8.7 LoM 2 o L= “a, .20 /5.7
) " 225 2.2 /9.4 y A 44 < /5
2.5 2.9¢ " u ", _ a 2,2/ /9', 4
T 2.2~ 2.66 . I3 L ' a2 3.9 '
d 2 00 2.9 14.9 o IM__ 4 - €a 3.2l ,';
T Grdh2a 202 5.0 LoM B g 3./7 =
\ a4 /.99 “ " // ‘ 954 3.2 /9,
: | VYA 3 00 ;
¥ %) > For each solution S-TpHi and S-TLC*pHi, where i >3.2: | _—
R A S, s e s O s T . et
' ’ . B cquibrium with aumospheri COLE),  Ths dquiibradon process may ke a oas twelve
Lo S-Txpl, Hortioused b 0l °C days. | o
‘ — /5.1 &
1 = 2 . Mil(ey used v bod ¥ 786728 |
o . k-
z/';{ 2/ Zf “ ‘ 5/44-51.@2——-‘——7%} Mot/ 0, @/Jz,// 9.
6/:25‘ 3./7 /5.2 S—Zi,mi/ 3.25 ¢ 0.0020 &7
e “ " 3.5 0,00/ &0
z// — " " 225 006253
5,;5 - ) 40 0.0028]
5.25 " o 425 0600305
— 0 19. 4.5 0.003/%
?’57 - 3 /0 " 9D 000320
.0 ' z 5.0 . O.00320%
¢.25 " ' {.2{ 0.00329
‘.5 = 7 1" 5—/5/ 0.0033Y
¢.75 3/6 y 5.74 0.0033¢
2.0 » 4 ?0/ 0.00 33‘/?
- 15, .25 2. 00343
:77?/ 3;,/7 2 G5 _0.003%5
.75 3./ 9 v 675 0., 0035/
20 3. 7¢ . 7.0_ _0.00342.
g25 3.7 § 225 o. 0039¢
2.5 3.1¢ " 75 0. 00425
- 379 /55 7D 0.0/
' f o
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s Ik 21 4.0 0. 00637 U S fotl 55 2 (7.5
725~ 0.00 882 J 575 o.5¢ 9 &
7.5 0, 0/3/0 L0 L.7¢ «
975 0.0229Y C25 o 95 .
9.0 003797 C.s” .27 T
' WAy 4 6. 98 «
s-Z-chpfl e 0.0027% 70 2.0% 177
b 0 00277 22 125 y
Ga 0.00335 75 7. 4L v
A Q.00339 77‘)/ 7 G ¢ /782
%o 0.00 649 7.0 7 93 /79
b Q.006 50 £25_ Z/g w
954 0172097 g5 A%e) .
4 0./708E g75 G 5
g0 g 20 .
WD lee 5 5l s corired w A b crpes
R /)/a ced a_a 1z -'{nu sha ée/r o 250 ST ¥pt 2a R.OO /8.0
2 / a 2.02 “
o1/22fe3|  Eyel S5l coh M,p/ RYEWNY . A <1 18/
S J ) e :
sobudy o _pll g fsou_“C le £ 99 .
0745 IS Tkl 2.0 2.00 dizs b ~ 0/ .
4 ;29 2.25 “ o S. .45 a
2.5 2.4 ‘ b €. 35 y
275 2.4 « 95, 8.7/
3.0 92.9¢ « b A
225 3.22
3.5 3.4, 033 ?&72 }f?ffww_ﬁ%@_
3.7 3. 90
2.0 3.99 “ _
25 4.4 " 0y223|  Fxpt Sl condunved gl monitocing
75 4.cc z | ¥
2 "'/7:'? .25 " 45/ Z M 2 # ,/1 C {/m
50 G54 , 952 Qs TA pH20 20607 2 e
525 .5 " 2.25 2 25 a
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98 ) 99
;_,_ 02//0//9347/7 E/W‘/ S- aﬂu{,.;/,)a/f ‘,{)_7‘/ Mmf-]é?: WY E/iﬂ//’/z/ mYéfl Kﬁa( —U-Z33 4/44@ gﬁzaéme’/i,
,:-'- e i ah , C) C e #}L&b//(/ 5,°5 /ﬂi& ¢€c/ wr @ ( Sec éC’OG// -5 3)
P ’faé‘-,,_ gé/ Jem__i;_ia’dv; NN 5 Crn . _#;A/ ’ » ' : . .
13 2./#(17—7&/)1/20.,; 1.9 199" .. STl 199 Preparation:
' g g e T T
y 2.23 > 226 . 2L . 1.97 1. All glass should be washed in a hot acid bath (4 liter beaker with cover glass) of
} 2 Dy Ho Yo A0l fuming nitric acid over night (>4 hours). Once the temperature of the acid bath
o N G2 . . - 4 Y 05 ~ 1s.near room temperature, the acid washed glass should be quickly inserted into
4 i ot s S— nanopure H2O in another large beaker inside the fumehood. Two pairs of
- 30 - 2 a4 £ Cg .86 * gloves and goggles should be used during this operation as there is a possibility
- 3% . 320 200 ~ - LL . .9 of splashing and nitric acid is a real hazard. The rinsed glassware should then
. o : : - @ s be rinsed at least three more times in the sink with nanopure water. The rinsed
i 3.5 L B .4/0-‘ RS €« L0 dishes can either be air dried on a covered tray or placed in the drying oven.
= 320 . 3.97 " e e 84, %09 :
i 00 ey, . 95, @ == 0. Waste Disposals
= 42/7 — 250 - 2%, : 9 25 ! 1. Used ion exchange resins will be stored in nonbreakable, screw-top containers.
i 4y - 44 4 u Containers will be clearly labelled. Radioisotope storage containers will be
; 4 j/ . 4 3D P labelled with the following information: a) radioisotope; b) physical form; ¢)
1 e : , type of emission; d) activity in Curies; and e) dose rate at container surface. |
" b -0/ - .59 20 The exchange resins will be regenerated to reduce the level of radioactivity and |
i 2 . ( 5( v to reduce the volume that will be disposed. Responsibility for regeneration and |
%—' ey - disposal of the ion exchange resins will be assumed by the RPC. ’
L 5-..7(‘“/ A 202 2 Disposal of the solutions containing several isotopes (i.e. solutions containing
k A 7 p both 232U and 233U) down the sewer is restricted by the release limits set forth
‘ — . in TRC 21.303 Appendix 21-A (Note 1). This note states that the release is
: i 623 o, 9y W n T limited so that the sum of the the ratios in the solution to that of the limiting
i s " pe 203 v concentration for each isotope in the solution will be < 1. For example, in the
e D - o e case of two isotopes (232U and 233U) present in concentrations Co3z;; and
i LD =+ 7.02 § L E C233y with maximum permissible concentrations MPCa32;; and MPCa33y;
20 « 7. 4 204 ° : (Ca321y/MPC232yj) + (C233y/MPCa233py) < 1. Note that the limits for MPC232y
| - 25@ o % . | and MPCa33y; are 0.8 nCi/ml and 0.9 nCi/ml, respectively.
; 25 .99 " o d 3. All waste solutions derived during jon exchange column manipulations either :
N - 75/ L 9LT 205 J contain high concentrations of N (nitrate and ammonium (NHy), which readily
s o0 7 ot . Sgnverts to ntthﬁeglzr acid and require liberal dilution prior to and during
L Yo . ! ‘ isposal via the si T T
; 920 %./9 v
1 g 5// A4 N K |
“PI . ”,ng} i g/ :7(/ o [Co2 4 /)/‘,w }j’h/{@fe /(/A’ }L(ﬂ’(_/m;';‘//fht "»é (‘Q«:A’M UCG( . \/5'¢'C ,/) 77')
K 40 F9e
v . Tlee r’l/niéJ /{)&—‘J;/‘M 0 L E : roed ux %z
‘ Bl The 5-4 99%(74};4 5 wtes el *l«—@/é Yo 94 hW4 shador Jellodis W ammer : ¢ "
é_i‘ . . : / ] 7)!’\][3 ice u/_a_g__a_é_gémi/-;’:m 7{7/ D/“)’VL(:VL(lzf/L\ (D:‘/. Q)
‘.J_J A4 cp 'I:)m")[(/;l_ “:Ma ZWM_%Q - Jr’}//r-/\if ﬁ(lﬁev‘\/o;r‘.
;1 |
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; . A
: z aldy (adl
, ee it sins nibbed 4 /‘;‘ e Méf Zi;isaés Identification | Spike # | We(g || W+ G5) weffed: ry
3 Jovel wns ol . Decagse Z MK1-T*l0a__ | 25A | 0.167 2l 2/7(7D ~
~ [ . M/mg) >, ,éo Ly MKI-1*1Ub 25B_ | 1.672 ,
L (Lrrer 4 Vocwunm om r/ VAT, MRI-T*AYL | 253 | 0167 |Srrese
o b be woved v avd ou “ard Lood  2u MKI-1¥A*12 25B | 1672 | /. 00
- Cogroa s /'07r\¢~ afzyémé W 2l wavéa/ A/ MK1-1*B*[1 25A 0..167 ‘3
i //mP %z [od bowch by o Lok Jror 4 MK1-1*B*I2 25B | 1.672 707
- a5 VARAY V Hot Aos7 voood opiu 7o widleod MKI-T*C*1 25A [ 0167 | /5%
- 2 e ' i) s MKI-1*C*D | "25B | 1.672 | 2 ccns
. G?MQWW i’g ", MKI-T*A¥Ta | 258 | 0162 |,/ S92
o~ | ‘ Lay < MKI-I*B¥la | 25B | 1622 |/ 2 233
. a. T
i (=176 « wot) waes divcded W/V(Oda_ 200 il MKI-I*C¥la | 258 | 0165 | 7o
i ~ a *AX
i / Liees. MKI-1¥A%2a | 258 | 1572 | peoprdo
L vacuurtepatecios + fro 120 % 7 m MK1-T*B¥7, 25A | 0157 [[, /427
Pfles o.J/é,m es placed ad fee cpewcecr J] MRI-T*C¥2a | 25A [ 0165 | o/ £ 20,
™ /. e, 2 MK1-1#¥A%3, 25B 1170 | 7,70
- 5 4 /o 4 @ MKI-1*A*3b | 25B | 1.170 |t
ihor 0 [
Ha ﬂﬂéd WW/ rm&s f—’é L2 - MKI-1"B%3; 355 1770 ] «f——-ll.(z@—/ o
sulomesod wu e DA MK1-1*B*3b 25B 1.170 | /.'/fgii
m Ho D e a 2ucers o7 Lezs cytn Lay MKI-1¥C*33 25A 0165 | ./, 5 2
¥ , ' MRI-I*C*3b | 25A | 0.065 |~ 77 =7
& o M MKI-1*A%4a | "25B | 0.836 | o547
| , €0 : MK1-[*B*4a | 25B | 0.83% | .g53%
V/ﬁcm&/,lb Vac! o «/K atless : MK1-1*C*4a [ 25A | 0.165 | ./, 7 >
izl e w2 bz MKI-T*A*5a |58 | 0.502 | FROY & S WilsdL
b - [ « M L g/ 4/@ 5e\/eraﬂ (' ~7)4w r MKT-T"B*5a | 258 | 0.500 o
Succes MKI-1*C#53 25A 70065 | disd
10129 Doniaec _wdas Stey MKI-1¥A%6a | 25B | 0334 | .= 555
I g ) MKI-1*A%6b | 25B 0334 |7, 520 3
IZIoH_ Exolt UL~ Aldaopec cmt MKI-1*B*6a | 25B | 0333 3327
j‘ tical  Procedures MKI-1*B%6b 25B_ | 0334 | —= 53>
_& Anmalytical I MKI-T*C*6a_| 25A | 0.165
. R -1 *C* X
e A. Spiking and co-precipitation l\l\;lﬂlg-% *g *gg ggg 3 ;gf J! A 52{53’ Z =
Iy : time (i.e. all spike 25 *RF =
 —— samples in a rack requiring the same spike at one MK1-1*B*73 25B 0251 |—=3oy
o — " Catsame e, Use e conifu tbo sand n 1as boke o hld e o MKIT*C*7a | 25A | 0165 |1 2
i a inge stand to hold the pasteur pipet between sample A A
1«%»_“‘”____ being spiked. Use the syringe le boat (plastic) on balance. Using a pasteur MKI1-1*A*83 25B 0.201 |7 2075
i spikings. Tare 2 pre_f()lgetfms:l:ls)enes of samples will be spiked with a different | MK1-1*B*8a 25B 4201 || 2032
H— g;lzm e e ?;zarfnau rubber bulb add predetermined mass of spike ! MK 1-1*C*8a HA_ | 0164 |77 29 -
h— 301312;)‘11:;1 (s):r)n?)rlle boat and record weight. Error in spike mass should be to the 11:44% 11 . 11:2:33 ;gg 3 ig; 1T
*:: low side. Dispose of pas:leur pipet in special radioactive wastebasket after MRI-1%8%0; 358 0.167 TIAK
g samples have been spike e MK1-1¥B*9p 25B 0167 | /¢ 25
1




102 103
- : B : ' Fupd 5 Cm,,é;,“‘ ed i o i ey
Tdentification | _ Spike # Wi (g) A arlwe
MK1-1¥C*9a 25A 0.164 JHO o
MEK1-1*C*9b 25A 0.164 —~77,53 <
MKI-1*A*10a]  23C 0.836 ez 074 : . : 22
MKI-1*B*10a| __ 25C 0.836 g§3/% | 225  =2/% ' 25 /.30 29
MK1-1*C*10a 25A 0.164 A7 o 5 2.90 A 3.9¢ «
TRA¥ i .
| MK1 I*A*lla 25C 0167 G2 g 2O 4 o N
R — MK1-1*B*11a 25C 0.167 ~/ > 33
| MKI-1*C*11a| __ 23A 0.164 sy 3.0 2.92 . Ga .82 :
MK1-1*FU*a 25A 0.164 (043 ~(2. 3.25  3,/9 &b &. 90 .
MK].'].*FU*b 25A 0.164 | L[é 2 / 1 3“{' 3' 59 ?a_ g. 0 é Y
SUM 25A 3.62 ! 3.2 3.97 . , 258 t/
! Sum 25B 20.15 I “+0 gol (2. 954, ?.35" “
25Ais 2.051 Cifum Be =0 !! £20 Aol ‘ 714 234
is 2.051 nCi/g = :
25B is 204.88 pCilg | : £S5 47
25C is 20.477 pCi/g B ¥ ¢.32 «
-t - | 5o g6
I - e ,; | 525 5.5«
2. Transfer spike quantitatively to sample centrifuge tube using squirt bottle of 0. Py ‘ ' .
N HNO::,.p Useqenough of 0.1 N HNO3 during each spike transfer (~ 5 ml) to l 5.5 (.83
N obtain roughly equal volumes in the centrifuge tubes. Dispose of sample boat = 575 (.90 ~
il into special radioactive wastebasket. 1 ) O ’. 7% i
',____[ﬁi)?#@ Homogenize sample after addition of spike by replacing lid and swirling the i G.25 {90 .
o centrifuge tube. Allow spike to equilibrate at least 24 hours before next step. (.5 ¢ 93 "
' - 2 703 «
_ ‘ 4 _ 2.0 713 “
120 P R I S 725 728 g
771() dﬂ . /A‘ 474‘//(/ IA)J('/'I @/'A_J ‘7[417 ///!4 IRa2 LQ I (o’\/Q,ﬁﬁqu 73/ 7’5:3 Ny
77,“/4 A}//W a.re,a:& Y &7‘/&/&4’ ;JI%A»,Q/ZA“ '27j/ 7L 9 w
oo Yroo al conterilis - ~ /oodf/mf/ f,/g/fofé_ﬂ $0 7.9, g
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N - ,E"/‘f/"{/»/é/ [./"' /ltl'!/(’/‘u/‘w’\:// P EL O ‘té’"jﬁ ml of Fe carrier usi S 4 o m.,%??)ﬁ? —f Pe/ﬂ’ %ﬂw—% & fd L /hmm’ Yl '1/6
: %, 4. Add carrier to one row of tubes in a rack at a tixpe. _ of Fe carrier using ‘ 1 _ 2 ~ ]
-M Eppendorf fixed volume pipet and disposable tips. Homogenize sample after — 3 c M)L"-MJ — |
addition of carrier by replacing lid and swirling the centrifuge tube. Allow - e W ooy He vue (D8l Jreo e -
. sample to equilibrate for 24 hourrﬁs;m - - ; dns i ¢ a-uas o [é‘[ wo odess vator o M%
R e Wt Lo 4 uaidce
— | P dJ
) : 3 12 > ‘
i 14453/ 7/,4&-% 0/9 c«oS Cf (/a,// cond = 5 i 2/52/ 78 F;:;'/)?L S conhoald: 2l o vér(}r
| Q’ﬁ« ,L// Jer.u;g °C Sﬁ gﬁ{ k'rl-@,_ﬂ °C
0¥ - O STt 2 187 16.L
225 2./% ” 24 (.9 /6]
29 2,96 . Y 2 AR
e T ' 2.7 2, s o A Y O2. (¢ .9
- 5 3.0 292 ./ e ¢ 8¢ “
329 322 . 45 C.7¥ (20
- E g SE VLR S, TR . ’3,5/ 3 CL/'C? < f'a_ ?,/4 [
i | I | 3 325 3 g¢ . g5 7.05" -
___M 5. Start step B1 now and continue with step B2 simultaneously with the following 2y o X a5 Py a 1./
ps of A (AS - A7) so that once you have completed step A7 youcan ;\ F s | yog sy “ 957 3 57 /7 o
| 4 * immediately proceed with step B3. Bring the pH up to 7 with the addition of - 2 ] 4 " A
L tedei nJ "2 concentrated NH4OH from the reagent bottle using 6 to 7 drops from the plastic Pl 45T HgE
Lo pipet attached to the NH4OH reagent bottle. This is strongly exothermic and the 1 Y95 3D «
! y «b  solution should be gently swirled during the addition of the base. Note thatthe . = . AR R
4 vl ¥ ve NH4OH should be from a closed reagent container (eg. new 2 1 bottle) since ; § - g G5~ «
e 6‘{@44“" this will ensure that minimal CO2 will be present in the base which would lower 1 - 23/ (. 5% "
#ﬁif-—*— yield. This step precipitates about 2.5 ml of Fe(OH)3. — = ({; %
ﬂ' /M/é ? 6. The solution can then be centrifuged (labeled 50 ml centrifuge tubes) and the ] 5 90 /6.2
?-~—-—----~4~_~/ U supernate is discarded into a waste beaker. | 4,:0 é’ * >
Iy 7. The Fe(OH)3 precipitates are washed with about 10 ml of ultrapure water and | iy . W
agitated using the hand homogenizer, centrifuged an(_i washings discarded. : — et rell
This step is repeated once. This is necessary to get rid of the excess NHg. e G.9 0.5 5 "
. . : o 675 7.0 k3
1 B. Uranium-thorium separation | N —o 20 »
1. Prepare a labeled (Sample ID) anion ion exchange column (8 -10 cm high, 1. cm S 2 7. 32 164 .
e diagneter) by placing apglass wool plug in the bottom of the column and adding a ' 7 2, e
g slurry (in ultrapure water) of Dowex 1 x 8 100-200 mesh chloride form ion - 7.9 755 “
. exchange resin. Use the teflon column holders and collect the waste liquid in a o 29 72 ;
‘ i f greater). ‘ 1 y
! |  plastic beaker ( 100 ml of greater) . 7.6 %17 “
. ; 2. Add N Ammonium Nitrate - 0.1 N Nitric acid into anion ] 9.95 2.99 L5
T exchange column and elute into plastic waste beaker. ] 5 P
." ] 873 g% 160




¥ - AN - p
7l 3. The samples will be lowered to pH =1 using 2§0 pl of 1.0 N HNO3 and )
>y ﬂ diluting to 5.0 ml with 0.1 N HNOj3 using squirt bottle. Make sure Fe(OH)3 is
Y w— .

n

entirely dissolved (agitate) prior to adding the ammonium nitrate. Next, satrate
the sol)l’nion with 5.9 g of ammonium nitrate and shake until all is dissolved.
This reaction is highly endothermic.

le onto the column and allow to drain into 100 mi plastic beaker.
* glidwmémpme beaker using 80 ml, added in 20 ml increments using squirt
bottle, of 8 N NH4NOj3 - 0.1 N HNO3. Rinse the centrifuge tube with the 20

id. Test for the
iquot and pour onto column and mark the level of the fluid.
pméggge ofFeg‘f)tex 70 to 80 mi h::ﬁdmne' d %%%iggg gmqu on
x side of watch and allowing a : :
cu:;:cm(::l:v:'ith ammonium cg;ﬁde. If Fe is present then the solution will '!]il:l
red. Continue to eluate the Fe until there is no red upon testing for Fe. Empty
the contents of the 100 ml plastic beaker into a waste beaker.

i i i lute the thorium into
t add 100 ml, in 20 mli aliquots, o(SNHCLacxd and el he th
> szx:xsame beaker. Dispose of solution in beaker down the sink with liberal

flushing.

6. Using a squirt bottle, add no more than 5 ml of 0.1 N nitric acid to the column

i lightly
to drain into waste beaker. The column changes color s!
zflrl:)c:l\a‘:.)ll")avx:ge 10 slightly yellow. Next, add 50 mi of 0.1 N nitric zcld in 10 {310
increments and drain the uranium into a labeled and acid washe | cleaned
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d) Tare 0.100+0.001 g of Na-montmorillonite on
each of the S-IT*pHi (not the S-I-C*
cover, then place on the shaker.

——

to weighing paper, and carefully transfer into
PHi) centrifuge tubes. Swirl each tube by hand, replace the

/¢

¢ Ao 4

(PCC e

\L'he solution is then placed on a hot plate to reach just to

[

. 7 ss. Allow beaker to cool moderately and then immediately proceed
) gfey;'cx. As long as the beaker is slightly warm and 0.001 N HNOj is added

e Eyrpm— o
iy =

(7320

with
the U is more easily put into soiution and the pH is closer to the desired pH.
Solvent extraction and plating

1. A total of 4 pasteur pipets are used in the following steps and it is imperative to
keep them separate by labeling the rubber buibs used with them. The dried U
eluate is taken up with two ml of 0.001 N HNO3 (pH 3) issued from a squirt

- boule. Using a new pasteur pipet (W on bulb) carefully and completely wash
the beaker with the acid. Transfer the acid solution to a Iabeled glass 12 mi
centrifuge be. Repeat this step twice more with 0.5 - 1 ml of the acid.

2. Add two drops of Methyl Orange indicator solution using a pasteur pipet MO
on bulb) to solution in centrifuge tube. Bring pH up to 3.0 with dilute 0.1 N
NaOH solution using a pasteur pipet (NaO on buib) by adding a few drops ata
time and homogenizing the contents of the tube with pasteur pipet used to
transter the U eluate (W on buib). ‘The color should change from pink to
slightly orange. The colors can be seen in test tube set which covers the pH
range. If stepsin B were done properly the total volume should be 5-6 mL

3.. Add 1-2 ml of the 0.4 M TTA in benzene solution to the centrifuge tube.

4. Homogenize and extract the U using the same pasteur pipet used in step C1 (W
on buib). The TTA solution should be red or orange (depending on U
concentration) and this should be quickly evident (within 30 seconds to 1
minute).

5. Solution is centrifuged for 1-2 minutes, making sure that the tube is covered
with Parafilm. :

6. Carefully clean a stainless steel planchet and label it with a sharp pointed object.
The label should have sample ID, date, initials of the person plating and U.
Label a glassine stamp envelope with the same information. The mounting ring

should be on the hot piate and the hot plate should be set to red mark (~3).
Place the plate, labeled side down, on the mounting ring just prior to next step.

7. The.'I'l'A solution is carefully separated using a clean pasteur pipet (P on bulb),
taking care not to include any of the HNO; solution. This is most easily
mm‘zlgl;d bfy shgahjily tilting the tube so that the TTA buiges on top of the -

of two aliquots using the pasteur pipet (P on bulb
retrieve all the TTA. d gfep pipet )musedm»

8. The TTAis evaporated drop-wise (vertically) on heated steel plates that have
been placed on mounting ring, making sure that spattering is avoided.

. Reél)love the plate from the mounting ring and repeat the TTA extraction (Steps 3

10. Pass the plate through the flame of a propane flame inside the fume hood to

bll.:;ne off the organic deposit. Allow the plate to cool on the edge of the hot
plate. .

L1. Place plates in labeled glassine stamp envelopes and count samples ASAP after
plating, recording the channel in which the sample is counted on the envelope.
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URANIUM SORPTION EXPERIMENT S-III:
Kd vs pH; Equilibrium with atmospheric pCO,; Initial U = 5 ppb

Based on Uranium Sorption Experiment B-I by R. T. Pabalan
Adapted Dec 16, 1992
Revised Dec 17, 1992

OBJECTIVE:

To investigate the importance of uranium sorption on the clay mineral montmorillonite
as a function of solution pH and total uranium concentration. Experimental data will be
correlated with uranium aqueous speciation.

To investigate reversibility and reproducibility of uranium sorption reactions.

EQUIPMENT:
Gyratory shaker or constant temperature shaker bath
EG&G alpha-spectrometer
ORION pH/mV/ISE/eC meter
Combination pH electrode
Automatic temperature compensator probe
Analytical balance

SUPPLIES:
pH buffer (pH =2, 4, 7, 9, 10)
1 125-mL bottle (to contain S-IT*IU)
39 50-mL centrifuge tubes (to contain experimental mixtures and control solutions)
78 50-mL centrifuge tubes (to contain samples for U analysis)
1 50-mL volumetric pipets (to pipet 5 ppb U solution into PP bottles)
1 5-mL volumetric pipet (to pipet 0.02 M HNO, into S0-mL centrifuge tubes)
1 4000-mL plastic bottle (for preparation of 5 ppb U solution)
3 glass droppers (for adjusting pH by addition of HNO,)
weighing paper
1 Oxford adjustable pipet (for taking 5-mL samples) with disposable tips
10 cc syringes (for taking samples with clay in them)
0.2 micron Dynaguard polypropylene membrane filters
Na*-montmorillonite
reagent grade NaHCO,
500 ppb U stock solution prepared from 50 pp,, 2*U commercial spike
2 L 0.1 M NaNO, stock solution
1000 mL stock solution of 1.0 M HNO,
1000 mL stock solution of 0.1 M HNO,
1000 mL stock solution of 0.02 M HNO,
1000 mL stock solution of 0.01 M HNO,
ultrapure water
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b) Into each of 29 50-mL centrifuge tubes labeled S-IIT*pHi [where i is the approximate initial

pH of the solution (see below)], tare 50 g of the 5 ppb uranium solution. |

Into each of 10 50-mL centrifuge tubes labeled S-ITI-C*pH;*: ii
f 1 g -II-C*pHi*a (or b) [where i is 2, 4, 6,
8, or 9.5, representing the approximate initial pH of the solution], tare 50 g of the 5 ppb uranium

solution. These are conl
trol SOluthlls to de[eﬂnlﬂe uranium loss to the container walls as a

Lhe Deddd

wt L he 4

wt Jsrlee o

s
IRt

5 s 5T Xp 2.0 10.700 46, o3 /4]
| s (0. 9207/ Y6.099]
: 2.5 /0. 7575 e o188
,,,,,, - : ———— 27U~ 0.0/ / Y6075~
PROCEDURE: ’{,O/ 0. 7027 o lOIA
Solution S-TII (1 centrifuge tube for each pH value) 3‘%2 1D 7 7‘3~Z # o2 (O
' -Initial XU = 5 ppb : 3.2 - [O. %‘)/D '9//.@/2,/
izz:ll sf)ih:n zi uS)OQ;L)L every 0.25 pH unit; adjustments made with HNO, or NaHCO, 3 2 5 / O .7 @ 37 7 '9/6 ) % / >
s - Gk, ; H.0 107227 Ao
200, st 10wt - “425 D720 F 4o T
| o * o5 (0. 9495 A AT
bottle on a Mettler 4600 balance. - 5.0 (0. 793 C{ #0077 QI/




- 110 a1
i Lole Ledsol ot techo o wtOsd g R _Expt S endiviwad
m 41///&/)4/ 325 [0 77 3@ 5 et 089 (ﬁ / i ¢) 1. For each solution S-I*pHi and S-TI-C*pHi, where i < 5.1:
ﬂrm [4 5— j/ ‘ [9 . 77 é ( | . | 4"?( é’ 0 ?é F / f! Measure and record the initial pH (~5.1, b.ased on EQ3 calcu}aﬁon). The automatic
*M_;‘: j/ 75/ ) T [@A 7 174‘/_ : Pa— 4[& - :7?@ ; temperature compensator (ATC) probe should be immersed in water in a separate container.
ru O (0. 7787 Y02l solvdon ot silu bunip <
.25 0.7954 4 O25T . _S-ZXpld 2.0 5./ L
4 6.5 0. 77¢0 460777 | 225 514 .
o 625 [0./812 L0459 23 (7 . ¢
-, 20 107373 %o 0375 2.25 a9y /5 ¢
‘ 2235 (0. 8560 Lo 179 ¢ 3.0 5.90
2.5 /0. 72 70 Yo, 0420 d 3.29 507 157
. 775 0.95¢% Y 6387 i 3.5 52 ( ‘
Q0 10,7742 0 0246 & 3.25 Y, -
2 L7722 o (220 , A.0 5.22 /5 &
29 (0. 7706 s o3[ g 425 5.3 5
al (D, 05T Yl 219 1 43 5222 (5
9.0 (2, 2532. A6 0279 44,75 5 =26 06.0
i S C A D (0, 9428 0251 ,
i _ab (0.7%/3 e lOF¢ i 57 -CKpHoka 5 2¢ /6. |
” ‘ Yo 10 7467 G AYAY *b 3.2/ v
il 4L, (0, 9074 46,0372 H¥ea 5.2/ 142
_ la (07825 Yo.0e3% | Xh 25 ‘«
L , b 0. 70%9 K¢ .04C | |
1 A [0, $O35 4L . 635 Thept omeloq wes callbraded v5'wc ptf botbers 2 4
?/5, /0,95579 . N3F +7 (E‘:Lf,oz/ lof#s 9/0 53’5’44{/ 2039,4- 26//-;» 92/‘7/33»2%5.
i 75 a (0. 751K e, 012 " Adjustthe 10 the value of i of each solution by adding dropwise with & gass dropper ENG,
I 9.57, (0.27%0 Y6l 407 i B S . o B o e 87 Tt ST, S
il S rcord e atined . Cover the botles with a Kimwipe and place on he yratory shker et
i Transfer the remaining solution into a 125-mL PP bottle labeled S-II*IU. Take two 5- 2 bedow P tor the pH periodically, together with the centrifuge tubes prepared in step
" mL samples from S-III*IU with an Eppendorf pipet, transfer into pre-labeled [e.g., S-II-IU*a (or ) i L N . . .
i b)] and pre-weighed 50-mL centrifuge tubes containing 5 g of 0.02 M HNO,. Swirl each tube ‘ J
! and save for later analysis of uranium concentration by alpha-spectrometry. ._
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Table S-ITI-1. Amount of reag

ent grade HNO, or Na.HCO3

to add to 50 ml 0.1 m NaNoO, *

re . e v /—Z//(.«}O-, 7 #J/D,ﬂj
lution containing S ppb U to result i PH values given in column-1. The amount of t ‘ )
i, fc(y) ll)le deednwas estimatI;d usingrle5Q3 ,:zlzlculations and assuming the solutions are u:l e:ui{iel:és; ] 302 (5 & 2./ (3
v ith atmospheric CO,(g). - s ,
. with atmospheric CO,(g ’ 3 o2 = i g’
i Solution Volumx(a. wﬁmﬂ, Drops Molaﬁg s:; HNO, 1 3 5/ s e ~ -
;1' 200 15 (0,605 mL) 10 3 > ” O.// 0.0/( 2} ¥
y 225 9 (0.34 mL) 1.0 o3 /S’Z or o.0f (’ 3
3 2.50 5(0.19 mL) 1.0 4
# 275 3 (0105 mL) 10 4 2¢ (5T 2.0/ %
i 3.00 15 (0.605 mL) 0.1 </ 5‘4'/ te « wd
‘ 3.50 5(0.19 mL) 01 “-
i 375 3 (0.105 mL) 0.1 ; 4. 95 t « [
) 4.00 2 (0.06 mL) 0.1 5*{'[2"'& f({)[/@k& YOO (C | o) / }4/
. o Sovm o T A 203 ‘ « (3
m 475 30105 mL) 001 /Ko, 40 6 1[G 2 Q. //. 6.9/ [, 2
i 5.00 2(0.055 mL) 0.01 S , oo . te o
z (028 Kb 407
i Solution pH Amount of NaHCO, to be L e -
I Added, Grams /Om
| 35 0.000011 } 2. For each solution S-I*pHi and S-I-C*pHi, where i > 5.1: [ Tz z&cﬁa{c/ HeR ’éﬂ“) 2s |
550 0.000027 ’, » S e ol Danted aS b eFSee . )
i 575 0.000042 : .. Measureandrecord the initial pH (~5.1, based on EQ3 calculation). i
6.0 0000059 f oL _t‘?f// é °c 5ol Ao ot é y, o
6.25 0.000084 i S oy o
50 om0z S=uLKp U525 £&.23 16.Y by ’///‘C/{’@#Koc 525 59
| > .
6.75 0.000201 ] 55 A 24 « /.é ! 4
[ 7.00 0.000332 ( 5',7j/ 5 (9 « <, 59> s
7.25 0.000566 — A .
+ " oonoses | Lo i 20 /6.5 b 5.24 _)z0
. I | l25 523 « 54 Je=5 “
l_ Solution pH Amount of NaHCO, to be éf 5 Z / ? “ / @W /L b {< :2 ‘?[ [ 7'/
. Added, Grams ) P -
4 775 0.001732 G- 2J A2/ 4
; 8.00 0003082 20 =5 /L. ¢
j 8.25 0.00554 P R
f 8.50 0.010102 \ 742‘) 5.22
: 875 0.018827 { 75 y.20 =
e oo o | P, SR o & -
; 19.50] [0.167443) “L <.0 — (G L 6'7
i ‘ g2 520 7
- " » 4 2.5 523 4
,T boecdot! ol athiad Lenyy °C G | deofs. o Heale —
» ey 7 - -7 .22 .9
— o ) /.0 74/ b .22
Sk pH 2.0 R 00 /5. 7 0 PP ,
| | 2.25 2 23 “ " = ' <
] 2.5 2 ¥ 156 d A
b " ) S
, 2.93 2 .93 ; =8
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