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8 July 1992; Todd Dietrich; 1000 hrs.
Experiment B-V: Silica Analysis

Vaqc Z 0 (lf# 51035524 9 510 970 -24).

Conducted Silica Analysis on the B-V solutions labeled 3.5 - 7.5. The Milton Roy

L % 74 Spectrometer 1201 was used in the analysis. All solutions had a 20 ml aliquot taken and
il diluted to 50 ml. The procedure followed, including reagents, materials, and supplies, is
1 '71'— ﬁé A 4‘407 Vs e J f-S A << D CEZ/ L ' recorded as Technical Operating Procedure 14 and is kept an appropriately labeled
il ;-7& W er D& ///,. S5C ¢ M Yoo loTinr A / S5 /,a CJ{B g/e ) | binder in the lab office. The dilution factor is 20:57 = 2.85.
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Experiment B-V
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Resuits of Analysis of Al concentration

Aluminum Analysis Using the Spectrophotometer AN oD /L/ o. / > e ot “M’ é mé 7. é
i 14 July 1992, Analysis by Todd Dietrich < iy
2 09 ~/. % ( "‘f’él
e Analysis of Aluminum concentration was performed on some of the Experiment =
e B-V solutions. The only solutions that remained were those from 3.5 to 7.5. All the other el 2352 7
| solutions were gone by the time of this analysis. The procedure for this analysis is found B ) ;
: in Technical Operating Procedure 013. (0. 0D | / S/E é [ogfon
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METTLER DL21 Titrator date ©7-16-92

B pH A O  ywaV =((5.9

TITRATION 3 operator f/25/@‘{ [26. g
METHOD 3 26 07-16-92 5 = —
WEIGHT g 05 _— 128 24 /ﬂ# 7.0 M= 2.0
IDENT .00 ks . A -
P 4 29 27
conc mol/L .11100 ‘l
const 1.0000 i 5 : -
START mvV 58.7 | Y40 p/?_ o] 4 1O m = 2 &5 <
o | 5D : »
VOLUME INCREMENT SIGNAL S.CHANGE  DERIVATIVE j -» — 4 Zad zew. 7
nL " mL nv mv uv/aL ‘
. 00000 . 00000 58.7 ‘ E [/5’//9/% ,'9 /7/ [©.0 ywl/:z - )4 /[
. 00500 ~ .00500 17.7 -41.0 -8208.9 | ‘ ol P - /(_/@ g
.01000 .00500 -82.2 -99.8 -19969. i " ks
.01500 .00500 -102.5 -20.3 -4069.7 ‘ a’ 5. 7{ ’/ 4 /
.02500 .01000 -123.9 -21.4 -2140.0 I c e S 42 bt =
.04000 .01500  -139.0 -15.1 -1006.5 s (3(2 7 % 74 74 )4” /'ﬂ#é/c <

N B it 40Z 30 gl hadlers Coulomendc)

.07000 .02000 -153.6 -8.9 -444.09 ] : [7[ Q/
H — ~
.09500 .02500 -161.3 -7.6 -305.67 | E ~ ~«//LL£ t) // 1. ). 0 bholters oere weacsore
. 14000 ~.04500 -170.0 -8.7 -193.83 : 1 V ca / % L_
i b - 3 ’V’l ea L Mo
. 23000 .09000 -181.4 -11.4 -126.88 = < e
.32500 .09500 -188.6 -7.2 -76.283 | . ,
.51000 .18500 -198.5 -9.8 -53.021 J ; i \
. 73000 . 22000 -206.0 -1.5 -34.308 ‘ ,ﬂ ’4 /_7/' o (328
- - - g
A 1-1700 . 44000 216.1 10.1 22.881 ; o) -/, /
W' 1.6700 . 50000 -223.2 -7.1 -14.182

), O 265,/

/0. O - /346

'Z/?//?Zﬁ’/?, _ /l/’g,{/&) / ?M’IA 74%4//14_. ;‘9//('4’/" ér'aﬂ{”o’h Piie ([ noley ,«—e_\o“,z_qa"s/m)f

Tle Aot me w l/ he rodd o) b wV = -4 43 (pH) + 307993

4
A A= \ A4 444 Bte (A ‘0-. 4/'. EliA (2 L2 E ¢ s
/, .

0 .04 « %W@u&7«é¢ uﬁ@jmfnm/@d c,/ec/m__acL

0LM_0. 01 M +0.00(H N, 1)0, w/m(M o Lrere preg . A/OWL# ‘4, @/M MW

25s 4{;5(!11&@1% 6C-0—7. /20‘

o) «.746‘115 aa[a(LaL —[o% Q__@._QJ,M
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in -l my Md_o/fn( * 7.2V Wsé:«ﬂ 55 oF
(pertie bheeuwn —
p3spH 8 T Y7V 7Ry a
/4 9 P/ Y43 2wV "
(P2 demcdop)

IHio PH ’ 45T

/‘//b’P/“ ‘ "/5.{/ mV

_ /2?/?2, P/f | /UeAQ;%va ch'/Z 74)4 < 7{/1/(‘_

Jortoke) Zme : ?r{’_ﬂmgvém{/ O /2/M A/Cﬂ‘fc?‘é?é'm/f? 7474.€.£4-5~<————“‘
% ol S cmcw/u.le/#@ (~r2.1¢7) /g/#,é‘é 0 >-07%C

we /}/MM?ZO vt wua Qéaéw( l/‘/u/l,ug‘lfc
1 Ha ;Z “IJ& c;@ééjiz cgwazg Sec. 7&.& cordecits h)efg__}:ﬂZ(f—L—*'*“
o J‘Lms e,rca/ v a §OOWL 4@;4‘4@4« (o éO?We

£ ~ %
/4///4/0/? 'A—ggé_m L,Qg;é___ééa ‘[Ca/ W, —:Aé 20 =5 SA/M L f v i rbfw—é/ A
' W-pwt(/ WMBbQ/ J

0 ) | ﬂ# ‘ m (/P(a&(_ T

PC&% ’ TITRATION 1 operator : . . 6{0 7?9 _O . . —
T METHOD 3 4090 07-21-92 ! ‘J 7'0 q ()]

,———L—_ ';ﬁ;f;:" ° -0“:*? rrrrr ks : 1 » 6 $[.j
")4‘46_‘14/‘4 - ‘ : /‘0 2, - 74/€
(0.1t HHL Jitranct ) ZIns B 2o 1769 @ 75 F oo lerepera

START mV 46.0

7ZZ ‘5 LA g—ﬂ C//GM (4 VOLUME INCREMENT SIGNAL S.CHANGE DERIVATIVE ‘ v ‘ T
m m, nv nv uV/m - - - . j‘ 0 7 j L ———
isdora fo ~ A5V ;:m .Q:m e o /)// %ﬁu%m 7n\/ 43 75414/) -~ 3 2

L N .01000 .01000 99.2 53.2 5320.4

ps) e (4 . 02000 .e1000 110.7 1.5 1152.1
7 e .03000 .01000 117.7 7.0 704.43
. é . 04000 .01000 123.2 5.4 543.09
15 ,.”m Q . .esee0 .01000 127.4 4.2 422,42
. 06000 .01000 130.7 . 332.56

N

ers.

—
Jle O/20 L D cobaB it 205 4 <fa/vé 74°614. B
povol 5 sl e SO ST 2L L M5 ———

3.3
.07000 .01000 133.1 2.4 ‘241.06 k W
) .08000 .01000 135.5 2.4 241.36 i & Mﬂg / Z / / 7 L ———————
| 2 .
p ~ s 4,— < . .09000 .01000 138.3 2.7 273.99 , LA ) Iz € e (L2 >4
/ S . 10000 .01000 140.6 2.3 228.09 : & /9 5@
Gy : E ; L —
. 11000 .01000 142.4 1.8 182.48 2 & b)
I 4.\/'4p ? . 12000 .01000 143.5 1.1 110.93 : g’,»,:: @
! . 13000 .01000 144.9 1.4 142.26 k. —————
. [ ﬂ 6/ ' .14000 .01000 146.8 1.9 185.89
2lcac 970 . 15000 .01000 148.5 1.7 170.27 E X i) e ——
. 16000 .01000 149.9 1.5 146.8 / b )
Ripredos v (®) .17000 .01000 150.6 .7 67.183 = 5
) 7 d . 18000 .01000 151.8 1.2 122.00 i — & ) ————————
2/ /0 . 19000 .01000 153.6 1.7 173.78 i 9 A0 ?0 A
7 r . 20000 .01000 155.2 1.7 167.44
o ——
. 21000 .01000 156.4 1.2 118.94 5 @ 4 2 '
H lr @] ' .22000 .01000 156.9 .5 46.033
g N . 23000 .01000 157.6 .7 73.496 / / Vo) 5/ /
| . [t _A 1 . 24000 .01000 159.0 1.4 © 139.29
i 6 4‘4 r < 3o . 25000 .01000 160.5 1.5 152.85
i 1[ _! 20 . 26000 .01000 161.5 .9 91.724 [ q (% L) C (< —
i 7 aQl ,ﬂ G . 27000 .01000 161.7 .2 19.156 g " 4 / / S
[ - 28000 01000 162.2 .6 55.908 b . - ———————
. B Sys "ém , -
L
k|




e 5'/L4"m oaS. il 7

1.6000

. 02000 220.0 9 14.920
é]_ﬁ’// é i )4 . J / ‘4 Y
:< f , / IS ! 1.6200 . 02000 220.4 4 21.56
~f ’ . .563
A2 ML clrrwa S §144 “aS. o Wl AL S 1. 6400 02000 sao.q o e
V4 N / 1.6600 _02000 220.8 4
v - 1. 6800 02000 . 19.203
Lt 7 1-e00 . 221.8 e 51806
7 . . 02000 222.8 1.0 s50.787
VOLUME INCREMENT SIGNAL S.CHANGE  DERIVATIVE \ 1.7200 02000 223.4 . BN
nL mL mV v mV/mL 1.7400 . 02000 223.3 o I ;513
1.7600 . 02000 223.6 3 15.801
00000 . 00000 82.3 1.7800 . 02000 224.6 1.0 50.186
02000 . 02000 125.8 43.5 2174.8 1.8000 . 02000 225.5 9 4. 439
24000 . 02000 137.3 11.5 574.44 1.8200 . 02000 225.9 " 18.676
06000 .02000 143.9 6.6 331.63
28000 . 02000 149.4 5.5 273.30 l T T e e e
10000 . 02000 153.8 4.5 222.85 ; —
12000 . 02000 157.4 3.6 177.61 i .
14000 . 02000 160.2 2.8 139.82 t 7) f‘ ) ; é ! ¢ . : 7 ; 74/ :. 1
16000 .02000 162.2 2.1 104.19 \ &< 24 )éf 73 <4 & (j - ol A \/ 5 & Pl
18000 . 02000 164.7 2.5 124.34 ) -+ 7; -,4
20000 02000 167.5 2.8 139.81 % S e @ /2/ H £/ M = / 3 7 . <
22000 .02000 169.7 2.2 108.31 <l 8. s P : Dz D 2 y 774 .
24000 . 02000 171.4 1.8 87.953 ; 0
i
26000 . 02000 172.4 1.0 47.769 ;
28000 . 02000 174.2 1.8 91.723 |
i
30000 .02000 176.4 2.2 107.93 | ?
32000 . 02000 178.1 1.7 86.644 ’ lr e aa M 2 was o (; 0 O
34000 . 02000 179.4 1.3 64.224 { ( )
weee oz  c0.0 o 1. WNCroas e m[ 74 fraeil o Qo5
38000 . 02000 181.5 1.4 72.357 ;
40000 . 02000 183.1 1.6 81.008 ﬁ b/JM 4{ J 4{
42000 .02000 184.5 1.4 71.942 i +. &, o Mﬁ s ose &. 3 &« m
44000 . 02000 185.6 1.1 53.483 | é ,é : { 2 ﬂ_ﬂ
46000 .02000 186.0 " 19.524 1 e C = C I . l IZAN 10 Yo
48000 . 02000 186.9 1.0 48.454 f 74
| VOLUME I
s0000 . 02000 188.4 1.4 70.911 : ou MCRZHHT SIGNAL S.CHANGE  DERIVATIVE
52000 . 02000 189.3 1.0 49.294 § m ov av ov/nL
s4000 .02000 189.9 .5 27.395
. 00000 . 00! .
56000 . 02000 189.6 -2 -12.265 000 223.5
sseee . 02000 190.4 .8 38.616 ‘ 05000 05000 - ., e1on
60000 . 02000 191.8 1.4 69.452 I . 10000 .05000 221.5 “1.a -27.100
62000 . 02000 192.7 .9 46.303 . 15000 . 05000 220.0 -1.5 -29.564
64000 . 02000 193.2 .5 25.346 . 20000 . 05000 218.9 -1.0 -20.925
66000 . 02000 193.1 -2 -7.8232 25000 5000 8.5 e s
) . 30000 .05000 217.8 -.8 -15.343
o . veveu 193.0 33.396 30000
. .es0e0 216.4 -1, -
70000 . 02000 195.1 65.248 1.4 27.833
. s0000 .05000 215.0 -1.4 -27.076
72000 .02000 195.8 38.915
| . 45000 .05000 214.0 -1.1 -21.326
74000 .02000 196.0 8.3588
. 50000 .eso0e 213.6 -3 -6.4420
76000 . 02000 195.9 -6.7879
. 55000 .05000 212.9 -7 -14.243
78000 . 02000 196.8 46.768 :
x . 60000 .05000 211.7 -1.2 -24.926
s0e00 . 02000 198.0 60.387
. 65000 .es000 210.5 -1.2 -24.549
82000 . 02000 198.7 35.042
. 70000 .0s000 209.8 -7 -13.843
84000 . 02000 198.8 5.5000 . :
. 75000 .0s000 209.4 -3 -6.7136
86000 - -~ .02000 198.7 -6.0227 ’
. 80000 .0s000 208.8 -6 -12.259
8000 ., .02000 199.6 44.753 Soaee o000 208
90000 . 02000 200.8 62.125 \ Saoeee ose00 201 -i: -23.73:
. 92000 . 02000 201.6 35.548 ! : . . . -24.39
. 94000 . 02000 201.5 -2.6016 “ isozzz .05000 205.6 -.8 -15.982
. 96000 . 02000 201.3 -8.6395 ! 1~°soo .::::: 205.3 -3 -5.1358
. 98000 . 02000 201.9 27.451 . . 204.8 -5 -10.584
1.1000 .05000 203.7 -1.1 -22.948
1.0000 . 02000 203.1 60.423
1.1500 .es000 202.4 -1.2 -24.810
1.0200 . 02000 203.9 39.793
1.2000 .@s000 201.6 -9 -17.373
1.0400 . 02000 203.9 1.5640
1.2500 .es000 201.1 -.5 -9.5221
1.0600 . 02000 203.8 -3.6583
1.3000 .05000 200.6 -.5 -9.5166
1.0800 . 02000 204.7 43.189 :
1 1.3500 .@5000 199.2 -1.4 -27.291
1.1000 . 02000 205.6 45.843 1.4000 25000 197.6 1.7
1.1200 .02000 206.3 32.744 i Lo ose0e e n -33.189
1.1400 . 02000 206.1 -7.3311 ! 1~5°“ osene et . -28.966
1.1600 | .02000 206.3 7.8552 . . . -9 -18.605
| : 1.5500 .05000 193.9 -1.3 -25.491
1.1800 | . 02000 207.3 48.754 i 1.6000 eseoe 192.0 -2.0 39.146
1.2000 .02000 208.4 58.467 | . . . . .
| } ~ 1.6500 . 05000 189.7 -2.3 -46.264
1.2200 . 02000 209.2 37.090 1 - 1o os00e w7 f
1.2400 . 02000 209.3 4.4525 _ L.70 . : . -2.3 -45.291 7
1.2600 . 02000 209.4 6.5437 1.7500 . 05000 185.2 -2.2 -43.259
1.2800 ‘02000 210.6 60.533 1.8000 .e5000 182.8 -2.5 -49.252
1.3000 . 02000 211.8 60.045 1.8500 05000 179.3 -3¢ -68.675
1.3200 . 02000 212.5 35.665 ! 1.9000 .es000 174.6 -4.7 -94.323
1.3400 .02000 212.6 4.2061 " 1.9500 . 05000 169.0 -5.7 -113.04
1.3600. . 02000 213.0 20.982 \ 2.0000 . 05000 161.1 -7.8 -156.39
1.3800 . 02000 214.0 49.876 * 2.0500 .05000 147.6 -13.6 -271.41
1.4000 . 02000 214.9 45.964 _ 2. 1000 i -05000 69.0 -78.6 -1571.2 ]
1.4200 . 02000 215.4 22.588 E
. i — «
1.4400 . 02000 215.2 -9.193¢ § 1 —14/ f ‘l ’/ / (/ /./ u 0//
B L4
1.4600 .02000 215.7 22.866 Lo & 2l US Terr O. O/
1.4800 . 22000 216.7 52.155 \ d
Csess  lesee  mrs .5 = @9 »tiuvtes.
1.5200 .02000 218.0 18.636 - !
1.5400 . 02000 217.8 -8.3939 \
1.5600 . 02000 218.1 12.079 }
__.50.a30

1.5800

.02000

219.1




136

150/

W&@.M

O.0v00. o » Ygégga/wﬁé, -
«[(74/,7('4)4&66(/7 R L, w[,ﬂﬂ@ OrH 4 L) s ’

(orea Lo (7/,2//92/ /&M,/Jz/ A 5‘/ /ﬂ/z a5

W/M(Z//u?%/)o cas L SO 04’5 e
7 4«)/‘—4 ﬂ/gf /{/&54’\4(“/ ﬂMW}é(f

o _pace /33,
7/ J

(W Heo nee.

Ué'/w.f )E_g&é/ ﬂ#ég

e /.35

e Wa s 7[';5/ recal] Z,

137

. 54000 . 02000 211.3 V -.1 -3.4187
. 56000 . 02000 211.9 -6 29.657
. 58000 . 02000 212.7 .8 40.271
. 60000 . 02000 213.7 1.0 50.074
. 62000 .02000 214.4 -6 31.735
. 64000 . 02000 214.3 -1 -2.6268
. 66000 . 02000 214.6 .3 14.431
. 68000 . 02000 215.3 .7 36.463
. 70000 02000 216.3 1.0 48.308
. 72000 . 02000 217.5 1.2 61.713
. 74000 . Q2000 218.0 -4 20.489
. 76000 . 02000 217.9 -.1 -4.1985
. 78000 . 92000 218.3 .5 23.119

??hgﬁ&f 0.0 m(f/‘?!véa”n[ we s ac(oéecjvé 7% 55/[»14

while Joo g

Lo BOSO ¥

ﬂp q()é@ﬁ(e/n

bz[o CE -

(O 30 4o v 7D as

ﬂ#éﬁa_g /m .

0

~¥5.

ST < 32 /)

VOLUME INCREMENT SIGNAL S.CHANGE DERIVATIVE
aL nL mv mv oV/mL
. 00000 . 00000 56.3

.02000 . 02000 57.2 .8 40.818

. 04000 . 02000 136.9 79.8 3987.7

. 06000 . 02000 150.7 13.8 689.05

. 08000 . 02000 159.2 8.5 422.75
. 10000 . 02000 . 165.6 6.5 323.38 ! i
. 12000 . 02000 170.8 5.1 256.74 }’

. 14000 . 02000 174.5 3.7 185.27
. 16000 . 02000 177.9 3.5 173.33 4
. 18000 . 02000 180.4 2.5 124.66 |
. 20000 . 02000 182.8 2.3 116.92 |
1
72888 (83888 88 2:é #P%dd ;
187.4 1.0 49.799 ;
. 26000 . 02000 e Lo 48,261 i

28000 .02000 Lea. 13 sent
. . 22000 ‘s 1t 18.005 l
. 30000 33ts ]
, 02000 192- .4
iy 32000 .92000 192.8 |
. 3400 02000 !
. 36000

1L,

%ﬂnz«én ﬂ

ver bheck pb. /e

)

<

ke

7 @_Jc/}mj a// 0.0 L J%La.«,n/w(f el de

whle e m,.yz/r wWas foed The 4sedcn was

I/L J& 42 r .
VOLUME I“CREHBHT SIGNAL ) $.CHANGE DERIVATIVE

mL mL mV oV mV/mL
. 00000 . 0000 219.2

. 05000 . 05000 219.9 .6 12.712
- 10000 . 95000 221.0 1.2 23.319
. 15000 .05000 222.8 1.8 35.638
. 20000 . 05000 224.0 1.2 23.459
. 25000 . 05000 224.2 .2 4.6298
. 30000 . 05000 224.6 .3 6.8430
. 35000 . 05000 225.1 .S 10.104
. 40000 05000 226.4 .3 26.015
.45000 .05000 227.6 .2 24.423
. 50000 .25000 228.1 .5 10.519
. 55000 .95000 228.3 .1 2.6318
. 60000 . 05000 228.9 .6 12.210
. 65000 . 05000 230.0 1.2 23.592
. 70000 . 05000 231.4 .4 27.398
. 75000 . 05000 232.0 .6 11.388
. 80000 .05000 232.1 .1 1.8939
.85000 .95000 232.4 .3 5.9061
. 90000 . 05000 233.4 1.0 20.254
. 95000 . 05000 234.6 1.3 25.226
1.0000 . 05000 235.4 .7 14.349
1.0500 . 05000 235.4 .0 . 63507
1.1000 . 05000 235.5 .1 1.8976
1.1500 . 05000 236.1 .6 11.701
1.2000 . 05000 237.3 1.2 23.629
1.2500 .05000 237.9 . .7 13.611
1.3000 . 05000 237.9 -.9 -.21088
1.3500 . 05000 238.0 .1 1.4795
1.4000 . 05000 239.0 1.0 19.637
1.4500 . 95000 240.4 1.4 28.419

5‘[04,44J —gr /5/4:7, ndvles %M Msérvég/

g g

j
3 VOLUME mcnmmw SIGRAL S.CHANGE.  DERIVATIVE
mh mL oV oV mV/mL
. 00000 . 00000 196.2

.02000 .02000 196.5 3 12.679

.04000 .02000 197.4 .9 47.497

.e6000 .02000 198.7 1.3 65.311

. 08000 .02000 199.6 .9 45.216

. 10000 .02000 199.8 .2 9.1324

. 12000 .02000 199.8 .0 .78583

. 14000 .02000 " 200.5 7 33.9%0

. 16000 .02e00 201.4 .9 43.424

. 18000 .02000 20305 11 54.179

. 20000 .02000 202.9 5 22.508

. 22000 .02000 203.1 ¥t 6.8138

. 24000 .02000 203.5 4 21.217

. 26000 .02000 204.3 .8 40.547

. 28000 .02000 205.4 1.1 56.681

. 30000 .02000 206.0 s 26.952

" . 32000 .02000 206.1 1 5.5077

i . 34000 .02000 206.4 .3 15.968

] . 36000 .02000 207.1 .7 34.292

v . 38000 .02000 208.1 1.0 51.863

i . 40000 - 02000 208.8 .7 33.280

i .4z000 .02000 208.8 0 .78507

. 44000 .02000 209.0 v o2 7. 6004

. 46000 .02000 209.5 .6 -29.096

. 48000 .02000 210.4 .9 44.582

. 50000 .02000 211.4 1.0 48.535

. 52000 .e2000 211.4 0 . 78888

";M#Wu ()s'hj Oﬂ,r/,l /M #cl: /38 w/‘karéj
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0/@/4 H O 100 s uéec/vé >/%,a-/4¢7ge 55/74/&\

Mf'ﬁ ’VLJ

VOLUME mcneumﬂ' SIGNAL S.CHANGE DERIVATIVE
mL mL mv nv mV/mL
. 20000 . 00000 241.0 “
.05000 . 05000 241.6 .6 11.419 |
. 10000 . 05000 241.8 .2 3.2764 |
. 15000 . 05000 241.2 -.6 -11.841 :
. 20000 _ .¢5000 240.3 -9 -17.862
. 25000 . 05000 240.1 -.2 -3.9102 i
. 30000 . 05000 240.5 .4 8.3490 i
. 35000 .e5000 240.6 1 1.1588 !
. 40000 .05000 239.9 -7 -13.946 |
. 45000 . 05000 238.8 -1.0 -20.809 "
. 50000 .e5000 238.3 -.5 -9.3964 |
. 55000 85000 238.6 .3 5.5936 1
. 60000 . 05000 238.7 1 1.3742 ]
. 65000 .05000 238.1 -.6 -11.717 |
. 70000 .05000 237.2 -.9 -18.678 ;
. 75000 . 05000 236.8 -.q -8.3399 :
. 30000 .05000 237.1 .4 7.1747 T
. . 85000 : 05000 237.2 .0 .84717 |
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~L 075 ) + 2 50. 76

1.1600

INCREMENT
mL

. 00000
02000
. 02000
. 02000
. 02000
. 02000
.02000
. 02000
. 02000
. 02000
. 02000
. 02000
. 02000
. 02000
. 02000
. 02000
. 92000
. 02000
. 02000
. 02000
.02000
. 02000
.02000
. 02000
. 02000
. 02000
. 02000
. 02000
. 02000
. 02000
. 02000
. 02000
.02000
. 02000
. 02000
. 02000
. 02000
. 02000
. 02000
. 02000
. 02000

. 02000
.02000
.02000
. 02000
. 02000
. 02000
. 02000
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WRITTEN BY: R. T. PABALAN DATE WRITTEN: July 30, 1992
REVISION NO.: REVISION DATE:
OBIJECTIVE:

r

Determine the time it takes to reach sorption equilibrium between uranium (***U) solutions
and clinoptilolite.

. NOTES:

Previous expenment A-II-3 (initial ZU=476 ppb) indicated that maximum sorption of
uranium on clinoptilolite is obtained at equilibrium pH~6.5. A-II-3 solutions which had initial

. pH values of 4.0 to 6.0.ended up with equilibrium pH in the vicinity of 6.5. However, later

experiments B-IV (in 0.1 m NaNO,) and B-V (no NaNO,) indicated that the pH change upon
addition of clinoptilolite to the uranium solution is mainly due to ion exchange between Na*
initially in the solid phase and H* in solution. The B-IV experiments demonstrated that this ion
exchange process is smaller where there is a relatively high concentration of Na* initially in

* solution (e.g., 0.1 m NaNQ,) due to mass action constraints. Thus, in contrast to the kinetic
- experiments K1 and K2, this set of kinetic runs will be constrained to have initial pH of 6.0 or

7.0. The ionic strength will be approximately constant at 0.1 m NaNO,. The initial pH will be
adjusted from that of the 50 ppb stock solution by addition of NaHCO,, the amount of which is
estimated using EQ3 calculations.

- K3-1: Solution K3-1 (2 bottles)

- Initial XU = 50 ppb :

- Initial ZNa = 0.1+x (where 0.1 is from NaNO, and x is from NaHCO,)
- Initial pH = 6.0

-~ Initial solution mass = 1000 g

- Wt. zeolite used = 2.0 g of CDV*100/200*UC*W A*HL*CPT*Naf

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

K3-1-A: Ina pre-cleaned 4 liter plastic bottle, prepare 3100 g of 50 ppb U solution by
diluting 310 g of a 500 ppb U stock solution (in 0.1 m NaNO, matrix; prepared
previously from commercial 50 ppm **U spike) to a total of 3100 g by carefully taring 0.1
m NaNO; solution into the plastic bottle on a Mettler 4600 balance.

- K3-1-B: 1-B:  Transfer three 1000 g ahquots;of the 50 ppb solution mto threes-:lOOO-mlm

polypropyiene (PP) bottles labeled K3-1*A, K3-1*B, and K3 1*C. Transfer the remaining
50 ppb solution into a 125-ml PP bottle labeled K3-1*IU

] Take 2 10-ml aliquots of solution K3-1*IG} using an Eppendorf Maxipettor
(pre-rinsed with the solution being sampled), transfer into pre-labeled [e.g., K33+F8*a (or - §
b)] and.pre-weighed 50-ml centrifiige- tube$§ Reweigh each tube_after addifiom-of. thea?
sample:- Add.to-each sample @sing an Eppendorf micropipet 500l - of 1;62
solunoﬁ for later analysis with alpha-spectrometry.

K3-1.C:  Measure and record the initial pH of solutions K3-1*A, K3-1*B and K3-1*C
(~4.2 calculated using EQ3) using a combination glass Microelectrode.: The automatic
temperature. compensator (ATC) probe should be immersed in water 1n a separate
container. Carefully add ~0.0072 g of NaHCO, to each 1000 ml 2*U solutiom Cover the
bottle with a porous material (e.g., kimwipe) and keep the solution agitated on a New
Brunswick gyratory shaker to equilibrate it with atmospheric CO.(9).
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Measure the pH of the solutions periodically until a constant valuéistéached S
This step may take at least 10 days. Then procede to the next step.

K3-1-D:  Take 2 10-ml aliquots of K3-1*A, K3-1*B and K3-1*C using an Eppendorf
Maxipettor (pre-rinsed with the solution being sampled), transfer into pre-labeled [e.g., K32
1*A*1 (or 12)] and pre-weighed 50-ml centrifuge tubes:- Reweigh each tube after addmona
of the sample. Add to each sample;using an Eppendorf micropipet 500pl.of: 1 M
solution for later a.nalys1s with alpha-spectrometry.

Then into bottles K3-1*A and K3-1*Bf (not to K3-1*C), add-2.0-g of N

~ clinoptilolite.-which was previously tared (quickly) onto weighing paper. Record the:times:
~ and room temperature? Solution K3-1*C is the control experiment to determine uranium
losses to the container walls. Keep the solutions agitated on a gyratory shaker (note thg

apprommate pm of the shaker on the notebook)

K3-1-E: At Atime approx1matmg the values hsted below} take one 10-ml sample frox}
K3-1*A, K3-1*B, and K3-1*CWith an Eppendorf Maxipettor (pre-rinsed with the solution
being sampled), transfer into pre-weighed 50-ml centrifuge tubes. Reweigh each centnfugeg
tube after addition .of the sample. Add to each sample:using an Eppendorf micropipet
500ul of 1.0 M HNO, solution:for later analysis with alpha-spectrometry. Label thes
samples [e.g., K3-1*A*ja, where i is the sampling time number (1,2,3.. )13 4

Take two 10- m[ samples from K3-1*A, *B, *C every third samplmg tzme Label the second
sample [e.g., K3-1*A*b].

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

P BT e T e T RO T T o R

Use the following Atime '(hour§) 24; 22, 46; 70; 94; 142; 190; 238;
316; 332 454 These may be changed as deemed necessary.

K3 1-F:  After the last samples have been taken, take 2 IO-mI ahquots of solution K3

1*1U using an Eppendorf Maxipettor (pre-rinsed with the solution being sampled), transfe@
into pre-weighed 50-ml centrifuge tubes. Reweigh the tubes after addition of the. samp
Add to each sample using an Eppendorf micropipet 500pl of 1.0 M HNQO, for later: analy
using alpha-spectrometry. Label the bottles K3-1*FU*a (or b

K3-1-G:  Measure the U concentrations using alpha-spectrometry.

r.x L 7 A "-’l
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Solution K3-2 (2 bottles)

- Initial ZU = 50 ppb

- Initial Na = 0.1+x (where 0.1 is from NaNO, and x is from NaHCO,)
- Initial pH = 7.0

- Initial solution mass = 1000 g

- Wt zeolite used = 2.0 g of CDV*100/200¥UC*W A*HL*CPT*Naf

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

THE PROCEDURES ARE THE SAME AS IN K3-1, ONLY A DIFFERENT AMOUNT OF -
NAHCO3 IS ADDED TO ADJUST THE PH TO 7.0.

K3-2A: Ina pre-cleaned 4 liter plastic bottle, prepare 3100 g of 50 ppb U solution by
diluting 310 g of a 500 ppb **U stock solution (in 0.1 m NaNO, matrix; prepared
previously from commercial 50 ppm “*U spike) to a total of 3100 g by carefully taring 0.1
m NaNO, solution into the plastic bottle on a Mettler #688-balance. /

’ BTog B Tesoe
K3-2-B:  Transfer three 1000 g aliquots of the 50 ppb solution into three 1000-ml
polypropylene (PP) bottles labeled K3-2*A, K3-2*B, and K3-2*C. Transfer the remaining

- 50 ppb solution-into a 125-ml PP bottle labeled K3-2*IU.

Take. 2 10-ml aliquots of solution K3-2*IU using an Eppendorf Maxipettor
(pre-rinsed with the solution being sampled), transfer into pre-labeled [e.g., K3-2*IU*a (or
b)] and pre-weighed 50-ml centrifuge tubes. Reweigh each tube after addition of the
sample. Add to each sample using an Eppendorf micropipet 500pl of 1.0 M HNO,
solution for later analysis with alpha-spectrometry. :

K3-2-C:  Measure and record the initial pH of solutions K3-2*A, K3-2*B and K3-2*C
(~4.2 calculated using EQ3) using a combination glass Microelectrode. The automatic
temperature compensator (ATC) probe should be immersed in water in a separate
container. Carefully add ~0.0127 g of NaHCO, to each 1000 ml 2*U solution:' Cover the
bottle with a porous material (e.g., kimwipe) and keep the solution agitated on a New
Brunswick gyratory shaker to equilibrate it with atmospheric CO,(g).

Measure the pH of the solutions periodically until a constant value is reached.
This step may take at least 10 days. Then procede to the next step.

K3-2-D:  Take 2 10-ml aliquots of K3-2*A, K3-2*B and K3-2*C using an Eppendorf
Maxipettor (pre-rinsed with the solution being sampled), transfer into pre-labeled [e.g., K3-
2*A*11 (or 12)] and pre-weighed 50-ml centrifuge tubes. Reweigh each tube after addition
of the sample. Add to each sample using an Eppendorf micropipet 500ul of 1.0 M HNO, s

. solution for later analysis with alpha-spectrometry.

Then into bottles K3-2*A and K3-2*B (not to K3-2*C), add 2.0 g of Na-
clinoptilolite which was previously tared (quickly) onto weighing paper. Record the time

13

~and room temperature. Solution K3-2*C is the control experiment to determine uranium

losses to the container walls. Keep the solutions agitated on a gyratory shaker (note the
approximate rpm of the shaker on the notebook).

K3-2-E: At Atime approximating the values listed below, take one 10-@ sample frgm
K3-2*A, K3-2*B, and K3-2*C with an Eppendorf Maxipettor (pre-rinsefi with the solpnon
being sampled), transfer into pre-weighed 50-ml centrifuge tubes. Reweigh each cgnmfpge
tube after addition of the sample. Add to each sample using an Eppendorf micropipet
500ul of 1.0 M HNO, solution for later analysis with alpha-spectrometry. Label the
samples [e.g., K3-2*A*ia, where i is the sampling time number (1,2,3...)].

Take two 10-ml samples from K3-2*A, *B, *C every third sampling time. Label the second
sample [e.g., K3-2*A*ib].

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

Use thé following Atime (hours): 2,4; 22; 46; 70; 94; 142; 190; 238;
310; 382; 454. These may be changed as deemed necessary.

K3-2-F:  After the last samples have been taken, take 2 10-ml aliquots of solution K3-

2*IU using an Eppendorf Maxipettor (pre-rinsed with the solution being §ampled), transfer
into pre-weighed 50-ml centrifuge tubes. Reweigh the tubes after addition of the samplg.
Add to each sample using an Eppendorf micropipet 500pl of 1.0 M HNO, for later analysis
using alpha-spectrometry. Label the bottles K3-2¥FU*a (or b).

K3-2-G:  Measure the U concentrations using alpha-spectrometry.

K3-2- A

Wr_Soopsh Used  Biv.o7g
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¥R [000. 0:3

% C  loDo. Oe
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' £B 41y
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WRITTEN BY: R.T. PABALAN
REVISION NO.: 0

OBJECTIVE:

URANIUM SORPTION EXPERIMENT B-I:

Kd vs pH: Equilibrium with atmospheric pCQ,; Initial ¥U=50 ppb

DATE WRITTEN: August 3, 1992
DATE REVISED: :

To investigate the importance of uranium sorpuon on the zeolite mineral

clinoptilolite as a function of solution pH and total uranium concentration. Expenmental
data will be correlated with uranium aqueous speciation.

°

EQUIPMENT:

To investigate rever81b111ty and reproducibility of uranium sorption reactions.

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

ORION pH/mV/ISE/°C meter

Combination pH electrode

Automatic temperature compensator probe

Analytical balance
SUPPLIES:
pH buffer (pH = 2,4,7,9,10)
1 125-ml PP bottle (to contain B-I*IU)
39 125-ml PP bottles (to contain experimental mixtures and control solutions)
78 50-ml centrifuge tubes (to contain samples for U analysis)
2 100-ml volumetric pipet (1 to prepare 50 ppb U solution and 1 to pipet 50 ppb U
solution into PP bottles) )
1 5-ml volumetric pipet (to pipet 0.02 M HNO, into 50-ml centrifuge tubes)
1 4000-ml plastic bottle (for preparation of 50 ppb U solution)
3 glass droppers (for adjusting pH by addition of HNO,)
weighing paper
1 Eppendorf pipet (for taking 5-ml samples)
Na'*-clinoptilolite (CDV*100/200*UC*WA*HL*CPT*Naf)
reagent grade NaHCO,
500 ppb U stock solution prepared from 50 ppm 233U commercxal spike
4L 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,

ultrapure water




PROCEDURE:
Solution B-I (1 bottle for each pH value)

- Initial 2U = 50 ppb : :

- Initial pH =2.0to 9. 0 every 0.25 pH unit; adjustments made with I—INO3 or
NaHCO,

- Initial volume = 100 ml

- Ionic strength = 0.1 m NaNO,

- . Wt zeolite to use = 0.200£0.001

- Initial [Na*] = 0.1 m NaNO, + [NaHCO,] added

- pCO, = atmospheric = 10 348 bar

a) In a pre-cleaned 4 liter plastic bottle, prepare 4000 g of 50 ppb U solution by diluting 400

g of a 500 ppb stock solution (in 0.1 m NaNO, matrix; prepared previously from commercial 50
ppm **U spike) to a total of 4000 g by carefully taring 0.1 m NaNO, solution into the plastic
bottle on a Mettler 4600 balance.

b) Into each of 29 125-ml PP bottle labeled B-I*pHi [where i is-the approximate initial

“of the solution (seg, below)], tare 1 b uranium solution. é
oS
Into each of ml PP bottle labeled B-I-C*pHi*a=terby [where iis2,4,6,8,0r9.5,

representing the approximate initial pH of the solution], tare 100 g of the 50 ppb uranium
solution. These are control solutions to determine uranium loss to the container walls as a
function of pH.

Transfer the remaining solution into a 125-ml PP bottle labeled B-I*IU. Take two 5-
samples from B-I*IU with an' Eppendorf pipet, transfer into pre-labeled [e.g., B-I-TU*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-spectrometry.

c) 1. For each solution B-I*pHi and B-I-C*pHi, where i<4.2:

Measure and record the initial pH (~4.2, based on EQ3 calculation). The
automatic témperature compensator (ATC) probe’ should be immersed in water in a
separate container. Adjust the pH to the value i of each solution by adding dropwise with
a glass dropper HNO, solution, the concentration and approximate amount of which is
given in Table B-I-1. Swirl the solutions by hand. Record the number of drops and
concentration of solution added. Also record the attained pH. Cover the bottles with a
porous material (e.g., kimwipe) and place on gyratory shaker set to ~120 rpm. Monitor
the pH periodically, together with the bottles prepared in step 2 below.

[Calibrate droppers used for each HNO, concentration (ml/drop)].

2. For each solution B-I*pHi and B-I-C*pHi, where i>4.2:

: Measure and record the initial pH (~4.2, based on EQ3 calculation). Tare onto.
weighing paper reagent grade NaHCO, in the amounts listed in Table B-I-1 and transfer
into the respective PP bottles. Swirl the solutions by hand. Cover the bottles with a
‘porous material (e.g., kimwipe) and place on 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 ten days.

d) Tare 0.200+0.001 gm of Na-clinoptilolite onto welghmg paper, and carefully transfer mto

TIT

each of the B-I*pHi (not the B-I-C*pHi) bottles. Swirl each bottle by h
then place. on the shaker. 4

N

, replace the cover,

7 AP

?ﬁq/;_‘

e)

After equilibrium is reached (at least 10 days), take 2 S,n( samples from each bottle B-

eml |
25

I*phi and 'B-I-C*pHi with an Eppendorf pipet, transfer into pre-labeled [e.g., B-I-phi*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-spectrometry.

Measure and recerd the pH and temperature of solutions B-I*pHi and B-I-C*pHi. Make
sure to rinse the pH electrode very well before transferring into another solution.

f) Analyze the U concentration by alpha-spectrometry.

Hold Point. Check quality of experimental data.

FT 3 Kk

f) If the analytical results are good, reversibility and reproducibility tests can be done by
changing the pH of the solutions and re-equilibrating them at the new pH values.

Procedure for reiiersibility and reproducibility experiments will be written later.

PREPARATION:

1. Preclean:
1 125-ml PP bottle (to contain B-I*IU) ‘
39 125-ml PP bottles (to contain experimental mixtures and control solutions)
78 50-ml centrifuge tubes (to contain samples for U analysis)
2 100-ml volumetric pipet (1 to prepare 50 ppb U solution and 1 to pipet 50 ppb U
L solution ‘into PP bottles)
1  5-ml volumetric pipet (to pipet 0.02 M HNO, into 50-ml centrifuge tubes)
1 4000-mi plastic bottle (for preparation of 50 ppb U solution)
3 glass droppers (for adjusting pH by addition of HNO,)

C 2. Prepare: ' -
500 ppb U stock solution prepared from 50 ppm **U commercial spike

/ ,

T 4L 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,

Yy
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- Table B-I-1. Amount of reagent grade HNO, or NaHCO, to add to 100 .ml 0.1 m NaNO &y 72 % y
solution containing 50 ppb U to result in pH values given macolumn L. The amount of reagen; ' 3 %2/4 g J — /// ,67/ Zznel’ % 777 7 6 é— =, 7
to be added was estimated using EQ3 calculations and assuming the solutions are in equilibrium 0 / o M % —7Z (=
with atmospheric CO,(p). | ;.s L o5 P %(;/% = > W

s H Volume of HNO, Needed, Dro Molari -

e Qe muﬁ) i Rt ~ @/j Sl Gues / DUl ) Py e os
2.00. 31 (121 mL) 10 c ¢ Ao’ s /V(‘&Zm
225 17068 ml) 10 palazice 7%«:/ ) iz
2.50 10038 mL) L0 - é Y 74{/(6 g D W ey 2F2F
275 5021 mL) 1.0 : /g > e MM W A
3.00 ’ 31 (121 mL) 0.1 ' va = WQ -

| | W La g e ST osH =
325 17 (0.68 mL) 0.1 , ' 7 Ceed] : ‘ Z2 70 U é(

" 3.50 10 (0.38 mL) 01 ’ Al abe g o A5, vé‘% %S‘
3.75 5022 mL) 0.1 O (/‘/( /UQ/(/ﬂ2 P ‘ 5"% 7/9/§L
4.00 30.12mL) 01 A ,57/ 2Z9ell 74 <

Solution pH Amount of NaHCO, Needed, ¢ { # QC — ﬂ' ? 4 SZJ) L

Grams
425 0.000101 : :
45 0000351 ‘?//@/67 TDE 0;?5)0;0‘”— )
475 0.000492 ﬂ’e - e
I8s: S‘D )[’MS en A\
= = Measred  pH -t s o@{e‘[ ;ML}f demwm 7122,. Oyin. 4204
5.25 0.000624 ONpers £ Lima 4,{‘ i /o ohegivos
5.50 0.000658 1 0 , ’
575 - 0.000687 :
6.00 ' 0.000721
T Aes

6.25 0.000772 @ el ,‘_’ﬂ_ - v
650 0.000858 _ N . K3-1 %8 £ //I 7 575 //?‘z/
675 ~0.001006 S R %8 603 — - ¢
7.00 0.001270 o %C 5,20
7.25 - . 0.001738 S T ’

— 2
7.50 . 0.002573 N 6 |

—" . 0%3 1D
7.75 0.004072 -

. = — - I EXPERIMEMT 22
— — . £ / lo\ 'IZL m
| | Remessuted e Fn A *le K3-2 S a/nms 9“"“ et ¥
Solution pH Amount of NaHCO, Needed, , I B as_{hse olove
8.00 0.006773 ALl
825 0.011692 } K3-2 ¥4 A 5’
850 - 0.020818 j ¥R 612
875 0.038270 i %¥C 6.8 ‘

9.00 0073327 _ ’ ‘, ﬁ I ' :
[9.25] . [0.149388] : ‘ il \ : -
[9.501 | [0335545] : i | | I ———
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S URANIUM SORPTION EXPERIMENT B-II:
Kd vs pH; Equilibrium with atmospheric pCO,; Initial ¥U=500 ppb

—_— WRITTEN BY: R.T. PABALAN

DATE WRITTEN: August 4, 1992

REVISION NO.: 0 DATE REVISED:
OBJECTIVE:
. To investigate the importance of uranium sorption on the zeolite mineral

clinoptilolite 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/°C meter
Combination pH electrode
" Automatic temperature compensator probe
Analytical balance
SUPPLIES:
pH buffer (pH = 2,4,7,9,10) ,
34 125-ml PP bottles (to contain experimental mixtures and control solutions)
70 50-ml centrifuge tubes (to contain samples for U analysis)
1 100-ml volumetric pipet (to pipet 500 ppb U solution into PP bottles)
1 5-ml volumetric pipet (to pipet 0.02 M HNO; into 50-ml centrifuge tubes)
1 glass droppers (for adjusting pH by addition of HNO,) .
weighing paper
1 Eppendorf pipet (for taking 5-ml samples)
Na*-clinoptilolite (CDV*100/200¥UC*WA*HL*CPT*Naf)
reagent grade NaHCO,
500 ppb U stock solution prepared from 50 ppm **U commercial spike
1000 ml  stock solution of 1.0 m HNO,
1000 ml  stock solution of 0.02 m HNO,

AN{' _Ng_lic(l} ’-M@) ultrapure water

B-T-cx p_H 4.5%q 0.335C

¥h D (2360
&-T y eH 9,00 0. 61
B-T % yH .15 0.0384
B-T x pH $.8° 0. 92019 . )
B-Tx olt §28 _0.0(75
B-Lx f,H 8.00 0.0p711
-B'J:-@("‘)HS.Oaﬁm : 0. 0068 )

¥b __0.00¢9
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