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UBRANOPHANE SYNTHESIS
WRITTEN BY: J.D. Prikryl DATE WRITTEN: March 7, 1995
REVISIONNO.: 0 DATE REVISED:

OBJECTIVE:  to synthesize uranophane [Ca(U02)2(SiO30H)2.5H20] for use in

thermodynamic experiments of uranyl silicate minerals for the near-field
geochemistry project.

EQUIPMENT: Parr stainless steel reaction vessels (Model 4913EB; 2000 mi capacity)

Teflon liners for reaction vessels

Parr Model 4841 temperature controllers
Type J themocouples

ORION ph/mVASE/OC meter

Combination ph electrode

Automatic termperature compensator probe
Analytical balance (Mettler PM 4600)
Welsh vacuum pump (Model 8910)

Hot plate (Thermolyne Type 13100)

SUPPLIES:  pH buffers (pH= 1,2,4)

uitrapure water

glassware and platicware as needed -~
1000 mi erlenmeyer flasks with stoppers 5/ 7/ 75
Fittings, valves, and tubing as necessary 29 6t 7/| 154

REAGENTS: Uranyl acetate dihydrate [UO2(CH3C0Q02.2H20; MW=424.15 (lot oAt23Ty

Sodium metasilicate nonahydrate [Na2SiO3.9H20; MW=284.20 (lot 942853A)
Calcium acetate monohydrate {Ca(CH3C0OQ)2.H20; MW=176.19
(lot 3486+H194 GHY 23/
1 M HCI - diluted from lot 945500 ~
4 / 7 / 45

PROCEDURE:

The procedure for uranophane synthesis is based on Cesbron et al., 1993. Reagents will
be mixed in the stoichiometric ratio Ca:U:Si = 2:1:1. Although Cesbron et al. do not give
information on the amount of solid and H20 used, they state that good crystallinity is
obtained if pH is less than 5.

Place 176 g Ca-acetate, 212 g U-acetate, and 142 g Na-metasilicate in a 2000 ml
teflon liner and place liner in reaction vessel.

Cap and seal vessel and evacuate using a vacuum pump to remove CO2(g).

Transfer approximately 1000 ml of uitrapure H2O to a 1000 ml erlenmeyer flask and
lower pH of the fiuid to 1.0 by dropwise addition of 1M HCIL.

Degas the H20 at a pH of 1.0 by boiiing on a hotplate. After degassing cap erlenmeyer
flask with a rubber stopper so that air cannot enter the flask.



e) After cooling record weight of the erlenmeyer flask with the degassed H20.

o \5‘: f) Transfer approximately 500 g of the degassed H20 into the vessel by puliing in by
! vacuum. After the transfer, record weight of the erlenmeyer flask with remaining

“ o‘too Ml &\g( Pf&i»sm- Ve:»e,\ Lm&e@ w rct.a
degassed H20 to determine actual weight of H20 introduced.
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0
- \J(o g) Raise and set the temperature of the solution in the reaction vessel to 150C using the
temperature controller and aflow the reaction to proceed for one week or longer.
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Jade: Hit List from Search/Match Wed Apr 26 1995 84:21pe

NFYL.MDI> 4/25/95 - NFY1-XRD1
19 Bits Sorted on Pigure-Of-Merit Mt PDF-f FOM I3 OFF RIR Space-Group a b c Volx 3 Dx*

3 f?hLlﬁb&.V@ﬁw\*& D§ . %R—D NI e S I COIprelqnamte, syn - §2(002)604 |+| 33-1049 10.7 54 -.18 Pann (53%) 12.19 14.85 7.16 1296 2 5.146

N . DI\ Becquerel Camg % é +| 23- 389 11.6 65 -.12 Pna2l g3 13.82 14.9¢ 12.39 2558 4 5,116
0\—&«§ MAIN. N : B Paraschoe 2-1461 1.4 35 -.12 Pcabi 1) 15.04 18.98 14.23 4062 43 5,590

‘ 4> | Boltwoodi K 002 5104 +| 35- 490 14.5 18 0.06 P2l 7.07 7.06 6.64
“\““W"#“W\“““WMM ; Hovd ‘ZHZy N ) 13- 407 14.8 85 -.42 PC?k))((zl] 14.73 %(6);3 14.33 3544 32 4.829

snu_ - Qe S ‘ R Iantmmte-usov(on) 12- 272 16.8 28 0.30 1.5 3030 7.15 128 4 5.00
2r AR 8V s N 4 a = T T . o e 7 Hetaschoepl e, syn uosvznzo 43- 364 17.3 76 -.36 14,67 16.70 13.98 3424

e e DL choepite, s - 2-1376 17.5 28 -.12 Pcad 1474 16.66 14.36 3526 32 4.85)
: e ~ 9> Conprexgnacx 2 - o uoz&gm&zo)a 7 : poab {5 12,14 14.88 7.6 1293 2 5.157
D= s TN SURRRNS ¢ Schoeplte e 13- 241 24.6 77 -.24 Peab (61) W7 1679 1433 354 32 4.829
B - . ©1p] | Metacalciouranoite - Cal'1207'1m2 36-1003 28.7 13 -.06 4.620
19 | Oranophane-5CB - Ca((k 103011 8- 301 30.0 2 0.30 921/a‘i14) 14 1555 6.64 1446

i 1o} | Uragophane - Cajllo2 z§sm H;O . . .
o b {g; Sodlmbeoltw(agg;eg& -1 ‘%g 14 -.18 gg&zl 270(19) 7.02 27.40 6.65 lgz

B Soddy1 e - 1 + - » . . .
| . 1P 8]032!2& é(: 41 0.18 Iama {71 6.51 8.78 4.21 120
7
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o T—— 18> Uranosnxte - UsSi7017 37- 417 49.4 36 -2 P21212 (18) 12.83 14.68 11.60 2185
195} ] Coffinite, syn - USiO4 +| 11- 420 53.7 33 -.42 I4l/and (141) 6,98 6.98 6.25 152

- % QM- ? for Doubtful ?uahty or llon-alblent patterns; + for Indexed patterns with Space-Group, Unit Cell & Density.
¥ yol - reduced-cell voluse ured density if calculated is not available.
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B Jade: Hit List frow Search/Match Wed Apr 26 1995 €4:32pm

e Tt DG syeled sol@s

ID: 4/25/95 - NFYW1-XRD1

NFYW1.MDI> 4/25/95 - NFYW1-IRDL [
ot File: NFYW1 MDI Scan: 2-707.02/ 2/#3401, Anode: CU 10 Hits Sorted on Fiqure-0f-Merit QN PDP-f FOM % OFF RIR Space-Croup a b ¢ Vot I D
1> ] Unnamed minera n { ] - C4ﬂ6 30- 221 5.7 39 -.06 13.36 17.54 11.87 2782 16 1.683
2>[ | Moissanite-3\ I]éélkl% +[ 29-1129 7.0 10 0.00 F-43n (216) 436 436 4.36 20 4 3.216
- P! | Hoelite syn = CoH4{C0 ZCGHJ +i28-2002 7.3 35 0.06 P21‘a 14) 15.81 3.97 7.88 482 2 1.435 o s
4> 1 Schoepite - 003! 13- 241 7.6 80 -.30 Pcab (6l 14.73 16.79 14,33 3544 32 4.829
H s> Wyartlte-lﬂ Ca30(002&05003)2 21 12- 63 8.3 62 -.24 Panb 62 11.%5 16.83 7.0 134 2 6.074
1000- RENE e 6> relite, syn +| 29- 389 8.3 42 -.18 Pna2l 13.82 14.9¢ 12.39 2558 4 S5.116
: S Vi ite, syn Ca4(5103) (0H)2 [+] 29- 377 8.7 25 -.12 p2l/a 10.41 3.66 7.03 266 1 2.739
+ & Dlalond C +| 6-675 9.0 12 0.06 Fd3l£ 3.57 3.7 387 1 8 3.517
T— —————TE T s [ | Wegscheiderite - Na2C03!3NaBCO3 [+ 15- 653 9.1 22 -.18 0.04 15.56 3.47 2 2336 = —
i . 10>[ ] Uranophane - Ca(002)2(510308 215 [+1 39-1360 9.4 33 0.42 4 92 7.0 6.67 739 2 3.849
| 1 Conprexgnamte, - K2(002)604 |+; 33-1049 9.5 31 0.00 5 19 14.85 7,16 1296 2 5.146
— e———— 12> C202 (Oﬂ 16' + 12- 635 9.8 75 0.30 P212 11.25 20.80 7.10 1661 2 5.011 .
w\lr“"’“‘”””“”‘w 13> Hollastomte-l TA RG - +| 42-550 9.9 24 0.06 0.9 g 31 791 7.06 396 6 2.925
e s 18] | Zellerite - Ca 2'5!20 +119- 257 9.9 31 -.18 P*n* i 11.22 19.25 4.93 1066 4 3.243
s e - 15 Honohydrocalmte - Ca 3'1120 +| 29- 306 10.4 56 -.18 P31 10.57 10.57 7.57 732 9 2.411
750 i 16> Hetaschoep - (03! 43- 364 10.6 51 -.42 .67 16,70 13.98 342
SN S i 1 CO.Y lte K2£202)604(0ﬂ)6 4| 17- 167 10,7 26 -.36 Pann (58) 12.14 14.88 7.16 1293 2 5.157
“ e—— 18 astonlte-l\ITA Ca5103 |+| 42- 547 10.7 22 0.06 1.0 P-1 ( 7.3 7.90 7.05 394 6 2.937 —
TN 19 syn - C 2 l 28-2008 10.8 25 -.42 P21/n 14) 15.56 4,70 10.03 704 2 1.416
20> Kllchoamfe syn Ca 810 3%13 +| 29- 370 10.9 29 0.18 11.43 22.02 5.08 639 4 2.9%
b . 2> +| 38~ 350 11.1 30 ~-.36 an* 62 15,42 16.08 6.97 1728 4 .098
= “‘# S ——— T 22> Graphlté-l!\ITR RG syn HR +] 26-1079 11.1 20 0.06 R3 (146 2,46 2.46 10.04 17 6 228
= 23> nnaled l.lner [ﬁR 51-0 ?] 15- 529 11.6 29 0.36
Q . : 24 =10 ZBZO +!29-1376 11.6 51 ~-.36 Pcab (61{ 14.74 16.66 14.36 3526 32 4.853
Q T S 25> lelafute €a3.2(H0. 651207) (08 |+ 29- 332 11.8 37 -.36 0.8 P2l/m (1 6,81 15.46 6.81 710 4 2.937 -
500- 26> | Paraspurrite - Ca5 Sx04)2003 +[ 29- 307 11,9 35 -.30 P2l/c (14 27.78 6.71 10.47 1950 8 3.028
27>{ | Wollastonite-2\ITH\RG - 03 +| 27- 88 12.0 24 0.12 P21/a (14 1543 7,32 7.07 19 12 294
28> Paraschoeplte, syn - 002 861151 23-1461 12.5 21 ~-.18 Pcab (61 15.04 18.98 14.23 4062 44 5.5%0 .
29 Karga J)H 28-2007 12.6 68 ~-.42 P2l/n él ) 15.60 4.67 10.16 710 2 L.404
- 300[ | Bil ebranalte - CaZ(SlOS)g 2 + 42- 538 12.7 2¢ -.30 Akak 3{ 11.84 16,32 3.64 352 6 2.693
3D | Hydroxyapophyllite - KCad +| 30- 920 12.7 42 0.30 0.8 Pl{lnc i 28) 8.98 8.98 15.83 1276 2 2.3% - -
%) gol%:sed n;ge- }I%RG Ca5103 _+, g-lggg gg %g 8%% P2lfa (14) 15.43 7.32 7.07 795 12 2.910
>[ ] Onm nnera - . .
T w 13- 407 13.2 30 -.@ Peab (61) .73 1679 1433 3544 32 4829
35> Grunantlte HaSl i3011 42-1331 13.4 35 0.00 16.00 18.24 7.18 524 16 2.259
250-] 36> gga K ]7514010 25~ 676 13.4 22 -.30 PZ (11) 13.51 13.10 13.51 2320 8 2.360
T TS e wn Ianthmlte -0 12- 272 13.5 39 0.24 11.52 30.30 7.15 1248 4 5.004 = -
! 381 | Metazellerite, s Oé +| 19- 258 13.5 60 0.42 an 9.72 18,23 4.97 879 & 3.657
: ; 39[ | Fukalite - Calsi. CO3 )} & +[ 20~ 308 13.6 42 -.06 C*c* 5,48 23,42 3.78 243 2 2.783
”“‘“'{MM‘MW““““ B 40> Tndyute-ZO\ITH\RG syn = Sio2 14- 260 13.6 53 -.42 9.92 9.92 81.50 6946 160 2.298
T * QM - ? for Doubtful ?uahty or Non-ambient patterns; + for Indexed patterns thh Space-Group, Onit Cell & Demsity.
; # yol - reduced-cell voluse; dx - measured density if calculated is not available.
1
0 H Current S/K parameters:
Eg:. Subflls Eg Search ................ llF o gegeta E]éroir: wiggguh Itensn:y ..... .42
. is i er o vity to n
R try - Ha)or P{Jasezs) Sensitivitg to Matchi ‘33 2-Theta ...... 5
: Preferregl Orllﬁgatmn in Sample ...... Ru!x)g}umuﬂulhegegcgns%tﬁ Setlve W 40
e S e L R A R ot e e : Search Phases ...... -Ruler - asticity .
. s e e R Treiude Qmuo i l,hgm _________ “0 Required 100¢ Lune in Srched Rande - R
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Jade: Rit List from Search/Match

Southwest Research Institute

Tue May 02 1995 €3:55pm

NFY2.MDI> 5/2/95 - NPY2-YRD1

40 Hits Sorted on Fiqure-Of-Merit QM PDF-f FON I3 OFF RIR Space-Group a b c Vol* 7  Dy*
» Hlllebrandlte-Caz s;o;&;gg + 42- 538 6.4 43 -.18 kgt 163) 11.84 1632 3.64 352 6 2.69
[ | Uranophane 2'5 + 3941360 6.5 29 -.12 P2 () 15.92 7.01 6.67 739 2 3.849
B Urancalcante-(:a( )3m3 +38-350 7.5 28 0.12 Pbn# (62 15.42 16.08 6.97 1728 4 4.098
I 19- 268 7.8 12 0.06 Pl/mmc (194) 2.52 2.52 412 B 4 3.5
5 Boltuood1te- a1()!130) uoz}’%ou +35- 490 7.9 33 0.00 P21 (4) 7.07 7.06 6.64 319 2 1372
6 cnmnte— 42-1331 8.0 34 0.18 F 5) 16.00 18.24 7.18 524 16 2.259
1 | TiatoparostyLlite - tca Nonsr o0 sk 00 mmeld  ah iaoam o 1N
> 0 i 4S19020( [+] 29- 994 9.0 . e . . . .
9> s(y:“tﬂepoplgg_’( tels €03)! 31- 261 10.2 30 0.12 2/n 1%) 10.12 15.18 "6.62 500 2 2.766
10> €ad(si s Ao;o +| 29- 378 10.4 27 0.12 P-1 (2) 95 948 6.81 420 2 2.399
1 Hydroxppophylhte KCadSi + 30- 920 10.7 18 -.18 0.8 P4{lnc (128)  8.98 8.98 15.83 1276 2 2.356
1 Cae(smn 51207} 1+] 29- 376 11.0 11 0.12 P~ £2 .93 12.88 6.82 597 2 2.975
13 ’l'obenonte-lu ( }25 |4| 19-136¢ 12.0 21 -.06 B2212 {20 1.7 2.7¢ 735 M2 4 2578
10] | tlle ylte-CasézX?mn + 24~ 184 12.3 26 -.06 P21/n (14 15.02 10.2¢ 7.58 1132 4 2.367
15>] | Foshagite Ca4 sm 3(0H)2 [+] 29- 377 12.3 62 0.18 P21/| 11 10.41 3.66 7.03 256 1 2.739
16> Uranougbo 5& 2(S10308 |+ 8- 301 12.7 26 ~-.13 é 18.01 155 6.64 1446 4 3.933
17> lwoodxte- (nu (B30)0 | | 29-1044 12.8 27 0.00 p21212 49) 7.02 27.40 6.65 1279 3 4100
18> J -0 7] 15- 569 13.1 26 -.06
19> Jollotxte- (uozco 12020 201378 13.3 26 0.18 itk (47) 8.16 10.35 6.32 534 4 4.555
20> Y\unte Ca5(5104)2003 + 29-307 13.3 20 0.06 P21/c (14 27,78 6.71 10.47 1950 8 3.028
2> + 15- 700 13.3 62 0.00 0.3 P21/n (14 747 9.69 348 252 4 2.218
P Gayluss1te-lla2€aé z'snzo + 21- U3 13.4 13 0.06 0.4 I*{a (15} 11.58 7.78 11.21 494 4 1.993
| Bb SRR (R RIA G mnd gmogsoem B
> 111 S + - 13. . ] . . . .
251 | Coesit i 102 14- 654 13.9 30 0.00 PZ{n (13) 7.17 1238 7.17 551 16 32.89%
26>[ | Rivers éex 94 - Ca5816016 oa% 29- 329 14.0 30 0.06 557 18.79 3.64 381 1 2.871
27 Xonotl te, syn - Ca6Si6017(0H)2 |+| 23- 125 14.0 21 -.06 pz/ag 17.02 735 7.00 877 2 2.709
28>[ | Aragonjte'- Ca + 41-475 141 26 0.00 1.0 Pnam 574 7.97 4% 2271 4 2.927
29>[ | Metahalweeite - Ca0!2003!65102 12- 722 14.1 29 0.06
30>/ | Rhodesite - Caxu)ssusoqo'u + 221253 14.5 U -.12 P21/n {14 9.62 23.96 9.51 2186 2 2.360
3D }PIutschlu e, SYI ~ K2Ca(C03)2 |+] 25- 626 15.0 9 -.06 R-3n (166 538 5.38 18.12 151 3 2.614
[ | Flagstaffite, s cna(on C6R! 28-2014 15.2 18 0.06 Fad2 l 18.50 22.60 11.00 1150 16 1.099
3B[ | Larnite, syn'- Ca2sid +33-302 153 6 0.00 JP21/n (14) 931 6.76 551 35 ¢ 3.313
3 l|atne Kazcoa 37- 451 15.0 43 0.12 891 5.24 6.05 276 4 2.546
® w"é&‘g : g8 nozmgléo“gg:mo 15‘132‘2’ %0 208 TR e e ] T2 % 1
1 - . - . . . .
3P| | Killala e 5 3&2507 ) 26-1070 16.3 12 0.18 P21/l (11{ 6.81 1546 6.81 710 2 2.782
38! | Vater; te- +| 33- 268 16.6 12 -.13 P63/nc 94) 7.5 7.15 16,92 T8 12 2.665
39[ | Seddyite - (uoz; 55104 12020 + 35- 491 16.6 10 0.12 11.21 18.71 8.32 436 8§ 5.087
40> | Killalaite - (H0.651207)(OR |+| 29- 332 16.9 11 0.12 0.8 pz1/- (1 6.81 1546 6.81 710 ¢ 2.937

* QH = 7 for Doubtful ?uhty or Non-ambient patterns; + for Indexed
dx - measured demsity if calculated is not available.

* Vol - reduced-cell V0,
Current S/M parameters:

PDF Subfxle to Search ................ MINERALS
Cheustry ...... .. NP.CHM (Yes
................. . Hajor Phase
P;Segrfeﬁre:l Orlxlegjt]atlon én Salple . ]l:o
ch ol i i . No
Exclude Quzstlonagtllgl Lok ... o

patterns vith Space-Group, Unit Cell & Density.

2-Theta Error Window .........,..
Sensjtivity to Mal
Sensitivity to Matching
Maximm Number of Hits to Save

Rubber-Ruler Search - $Elasticity
Required 1003 Line in Srched Range ..
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s~ - la&fo‘/\"aw, 5033 A A A, A S S A SR 1 A AT A A AR 35 R 1 ;;\«.NMN\L/,\M»“- ““““““““““““ .
Southwest Research Institute :
e e et e e o e 1208 Hit List from Search/Match Tue May 30 1995 €4:00pm
- ‘fg “Q(A) 1[ veen) M  NFGY.MDI> 5/30/95 - NFGY-KRD —
% 40 Hits Sorted on Figure-Of-Merit Qut PDP-f POM I% OFF RIR Space-Group a b ¢ Vol* I  Dx* _
i L Uranophane;Ca(DOZ?Zﬁ(S)%('mH 215 |+ gglggg gg gg 0(1)g P2l (4) 15,92 7.0 6.67 739 2 3.849
> e = 65102!x - . -
§> “emkstahfégeflm(uozzsmms MEN | | 12- 462 8.3 30 0.12 Prna 552) 14,26 35.88 14.20 7265 16 4.018
. Flo NFGYMDL P Hiple TRl ey B JRIEYR R UG
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URANQPHANE SYNTHESIS

WRITTEN BY: J.D. Prikryl DATE WRITTEN: March 7, 1995
REVISION NO.: 1 DATE REVISED: June 26, 1995

OBJECTIVE: to synthesize uranophane [Ca(U02)2(Si030H)2.5H20] for use in
thermodynamic experiments of uranyi silicate minerals for the near-field
geochemistry project.

EQUIPMENT: Parr stainless steel reaction vessels (Model 4913EB; 2000 ml capacity)
Teflon liners for reaction vessels
Parr Model 4841 or 4843 temperature controllers
Type J themocouples (teflon coated)
ORION ph/mV/ISE/OC meter
Combination ph electrode
Automatic termperature compensator probe
Analytical balance (Mettler PM 4600)
Welsh vacuum pump (Modet 8910)
Hot plate (Thermolyne Type 13100)

SUPPLIES: pH buffers (pH= 1,2,4)

ultrapure water P
glassware and platicware as needed i - /q S
1000 mi erlenmeyer flasks with stoppers .
Fittings, valves, and tubi ne

ittings, valves, and tubing as necessary 3“”"71' 15 %

REAGENTS:  Uranyl acetate dihydrate [UO2(CH3C002.2H20; MW=424.15 (lot S44231)
Sodium metasilicate nonahydrate [Na2Si03.9H20; MW=284.20 (lot 942853A)
Calcium acetate monohydrate [Ca(CH3CO0)2.H20; MW=176.19
(lot 3+9637—t+en) 944231

9 M HCI - diluted from lot 945500 27 7
45
‘7/ 7/

PROCEDURE:

The procedure for uranophane synthesis is based on Cesbron et al., 1993. Reagents will
be mixed in the stoichiometric ratio Ca:U:Si = 2:1:1. Although Cesbron et al. do not give
information on the amount of solid and H20 used, they state that good crystallinity is

P
G mation on |
. ?,\ /‘r() obtained if pH is less than 5.
(ﬂ\ a)

Place 35 g Ca-acetate, 42 g U-acetate, and 28 g Na-metasilicate in a 2000 ml teflon
liner and place liner in reaction vessel. :

b) Cap and seal vessel and evacuate using a vacuum pump to remove CO2(g).

c) Transfer approximately 2000 mi of ultrapure H20 to a 2000 ml erlenmeyer flask and
lower pH of the fluid to 1.0 by dropwise addition of 9M HCL.

d) Degas the H20 at a pH of 1.0 by boiling on a hotplate. After degassing cap erlenmeyer
flask with a rubber stopper so that air cannot enter the fiask.

e) After cooling record weight of the erlenmeyer flask with the degassed H20.

f) Transfer approximately 1300 g of the degassed H20 into the vessel by pulling in by
vacuum. After the transfer, record weight of the erlenmeyer flask with remaining
degassed H20 to determine actual weight of H20 introduced.

g) Raise and set the temperature of the solution in the reaction vessel to 150C using the
temperature controlier and allow the reaction to proceed for one week or longer.

35
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SODDYITE SYNTHESIS
WRITTEN BY: J.D. Prikryl DATE WRITTEN: July 3, 1995
. REVISION NO.: 0 DATE REVISED:
OBJECTIVE: to synthesize soddyite [(UO2)2Si04.2H20] for use in thermodynamic

experiments of uranyl silicate minerals for the near-field geochemistry project.
EQUIPMENT: Parr stainless steel reaction vessels (Model 4913EB; 2000 ml capacity)
Teflon liners for reaction vessels
Parr Model 4841 or 4843 temperature controllers
Type J themocouples (teflon coated)
ORION ph/mV/ISE/OC meter
Combination ph electrode
Automatic termperature compensator probe
Analytical balance (Mettler PM 4600)
Welsh vacuum pump (Model 8910)
Hot plate (Thermolyne Type 13100)
SUPPLIES:  pH buffers (pH= 1,2,4)
ultrapure water
glassware and platicware as needed
1000 ml erlenmeyer flasks with stoppers
Fittings, valves, and tubing as necessary 31 4 (9\7\\ aYy
REAGENTS:  Uranyl acetate dihydrate [UO2(CH3C0O02.2H20)); MW=424.15 (lot
Sodium metasilicate nonahydrate [Na2Si03.9H20]; MW=284.20 (lot 942853A)
Silicic acid [SiO2.nH20); MW depends on H20 content; assume 4H20 - MW =
132 (lot 951303)
9 M HCI - diluted from lot 945500

PROCEDURE:

The procedure for uranophane synthesis is based on Nguyen et al., 1992. Reagents will
be mixed in the stoichiometric ratio U:Si =

a) Two batches will be synthesized but reagent for Si will be different to see if Na can be
removed from system.
(1) Place 42 g U-acetate, and 56 g Na-metasilicate in a 2000 ml teflon liner and place
liner in reaction vessel.
(2) Place 42 g U-acetate, and 26 g silicic acid in a 2000 ml teflon liner and place

liner in reaction vessel.
b) Cap and seal vessel and evacuate using a vacuum pump to remove CO2(g).

c) Transfer approximately 2000 ml of ultrapure H20 to a 2000 ml erlenmeyer flask and
lower pH of the fluid to 1.0 by dropwise addition of 9M HC!.

d) Degas the H20 at a pH of 1.0 by boiling on a hotplate. After degassing cap erlenmeyer
flask with a rubber stopper so that air cannot enter the flask.

2| 7)95
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e) After cooling record weight of the erlenmeyer flask with the degassed H20.

lling in by

Transfer approximately 1300 g of the degassed H20 into the vessel by pu

g vacuum. gff)ter the transfer, record weight of the erlenmeyer flask with remaining
degassed H20 to determine actual weight of H20 introduced.

| to 150C using the
Raise and set the temperature of the solution in the reaction vesse
9 temperature controller and allow the reaction to proceed for one week or longer.
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3lalad
. - , ‘ o URANOPHANE SYNTHESIS
W&t“"“é% v ,m_é\d\c S el 3;0 - e R
CxMasond oy T et B WRITTEN BY: J.D. Prikryl DATE WRITTEN: March 7, 1995
y ) - = . . 2 REVISION NO.: 1 DATE REVISED: Aug 9, 1995 R
5“%‘4\“&“*&;&&:#!4 2 w—a sthee ac O 3 S
- ~ N -
W wmefbwdg.- sihen™ . OBJECTIVE: to synthesize uranophane [Ca(U02)2(SiO30H)2.5H20] for use in
B T thermodynamic experiments of uranyl silicate minerals for the near-field
S . geochemistry project. SR
! ‘!WWMQWMWMMZM,MLQMWKCW Al | EQUIPMENT: Parr stainless steel reaction vessels (Model 4913EB; 2000 mi capacity) —
as h oy e ,,S ~ S v Teflon liners for reaction vessels
" ) T * . - Parr Model 4841 or 4843 temperature controllers R —
Type J themocouples (teflon coated)
S ORION ph/mV/ISE/OC meter —
| L w-u‘QwL o ‘tﬂ‘u % | (.,. - Der Combination ph electrode
v " O LA (] ) e S Automatic termperature compensator probe ——
Wone e d). Analytical balance (Mettler PM 4600)
R Weish vacuum pump (Model 8810) ——
Hot plate (Thermolyne Type 13100)
\ : SUPPLIES:  pH buffers (pH= 1,2,4) o
\ B ultrapure water g )
glassware and platicware as needed g / 7 / 9 N
\ T g— b 1000 ml erlenmeyer flasks with stoppers
\ Fittings, valves, and tubing as necessary 21 o\ -,l\ ay
REAGENTS:  Uranyl acetate dihydrate [UO2(CH3COQ02.2H20; MW=424.15 (lot 844234 R
\ Silicic acid [SIO2.nH20]; MW depends on H20 content; assume 4H20 - MW =
132 (lot 951303) T
\ : Calcium acetate monohydrate [Ca(CH3C0Q)2.H20; MW=176.19
i (lot S+88+HI—+94) Q44 231 S
T 9 M HCI - diluted from lot 945500 P
° U
\ + ' 4 74
. The procedure for uranophane synthesis is based on Cesbron et al., 1993. Reagents will
- be mixed in the stoichiometric ratio Ca:U:Si = 2:1:1. Although Cesbron et al. do not give —
information on the amount of solid and H20O used, they state that good crystallinity is
obtained if pH is less than 5. T
* '; a) Place 17.5 g Ca-acetate, 21 g U-acetate, and 5.5 g silicic acid in a 2000 ml teflon liner e
L q,\\o\‘\ and place liner in reaction vessel. ——
N DA
n-bm"? b) Cap and seal vessel and evacuate using a vacuum pump to remove CO2(g). —
An c) Transfer approximately 1000 ml of ultrapure H20 to a 2000 mi erlenmeyer flask and —
0" lower pH of the fluid to 1.0 by dropwise addition of 9M HCI.
o I— .
- d) Degas the H20 by boiling on a hotplate. After degassing cap erlenmeyer flask with a
. rubber stopper so that air cannot enter the flask. -
-
RN i R . S
e — .
*"‘“""}\_‘“ o A AR AT A AN AR AL A AR 5 A8 A S T LA O VA




e)

f)

g)

After cooling record weight of the erlenmeyer flask with the degassed H20.

Transfer approximately 650 g of the degassed H20 into the vessel by pulling in by
vacuum. After the transfer, record weight of the erlenmeyer flask with remaining
degassed H20 to determine actual weight of H20 introduced.

Raise and set the temperature of the solution in the reaction vessel to 150C using the
temperature controller and allow the reaction to proceed for one week or longer.
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4 e e - =10 =10

Silver <10 <10

. |Sodum <2 <25

Strontium <10 <10

= 1 Thalium <10 <10

NLL <20 <20

Tianim <8 . <8

T Vanadium <20 <20
.. |Zoc <20 <20

, ‘ Analysis Result Result (ug/q) | Limit (ug/g)|
Mang MJD w1 D\‘Xf 0()( /) Alaminum <10 <10 10
Gl s bel ) Antmony <;g :;g ;;

~ R - - A TV SNVSRIIP RSN EINES NSNS RSN <
% =~ — o —— /M ! Barium <4 <4 4 -
- N : e - | Borylamm <2 = >
H 20A St as Si0, I Cadmium <4 <4 4
16.6% e — e - <4 =2 n
Mg as Mg0 0.300% e | e |Gl <10 <10 10
S Copper <4 <4 4
Caas C20 6.31% ] R fron 154 177 10
l P as P,0; 0% | —~—" Lead <10 <0 19
LOI (Loss @ 1000°C) 13.0% H B e Manganese <4 <4 4 ”
B S Molybdenum <4 <4 4
U as U;0, 60.0% —H e | Nickel <12 <12 12
TOTAL 96.3% , Potassium <40 <40 :g
10
25
10
10
20
8
20
20

g0 - uemIwsvN
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QO0R - Rem-\
[ sample > | Avalysis Sample Rmﬂq
— ]20B Si as Si0, 74.7%
- Al as ALO, 12.6% 4
R | Be as Fe,0; 1.72%
meF Mg as MgO 0.251% ﬂ
S Ca as Ca0 1.06%
— Na as Na,0 4.36% j
- K as K,0 4.58%
T as TiO, 0.248% j
LOI (Loss @ 1000°C) 111%
l TOTAL 101% I

S n 5 5
Analysis Result (ug/g) | Limit (ug/g)

Antimony <10 10
Arsenic <25 25
Barium 866 4
Beryllian 2 2
Boron <20 20
Cadmium <4 4

Chromium 12 4 -
T - |Cobalk <10 10
. Copper 16 4
Lead 2 10
Lithium 64 4
Manganese 282 4
Molybdenum <4 4
Nickel <12 12
W 126 76
Seleniom <10 10
Silver <10 10
- |Strontitm 106 10
— Thallium <10 10
Tin <2 20

. Mgﬂ Vanadium <20 >0 -

et . |anc 32 20 i
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200, - UWRAN FSWE 3
Famplem Analysis Sampie Result
20C Si as Si0, 17.5%
B [ Mg as Mg0O 0.417%
I Ca as Ca0 6.53%
m— P as PO, 0.176%
LOI (Loss @ 1000°C) 12.5% i
U as U,0, 62.2%
=TOTAL 99.3%
- .
Analysis Result (ug/g) | Limit (ug/g) |
Alninum <10 10
Antimony <10 10
Arsenic <25 5
Barum <4 4
Berylium <2 2
Boron <20 20
Cadmium <4 4
Chromum <4 4
Cobait <10 10
Copper <4 4
ron 120 10
Lead <10 10
Lithiom <4 4
Manganese <4 4
Molybdenum <4 4
Nickel <12 12
Potassium <40 40
Selenium <10 10
Saver <10 10
Sodium <25 25
Strontium <10 10
- | Thalium <10 10
Titarwum <8 8
Znc <20 2
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\ 20D = URAN F YW
e —————— rsample n) Analys.s Saﬂlplﬂ watj
+————{p Si as Si0, 175% |
u Mg as Mgo 0.392% -
Ca as Ca0 647%
P as P,O; 0.167%
LOI (Loss @ 1000°C) 13.0%
U as U;0; 61.1%
I IR — TOTAL 98.6%
Sample Detection
| | Anatysis Resuk (ug/g) | Limit (ug/g) |
Aluminum <10 10
Antimony <10 10
i Arsenic <25 25
Barium <4 4
Berylium <2 2
, Boron <20 20
Cadmium <4 4
Chromium <4 4
. [Cobalt <10 10
3! Copper <4 4
i] ron s 10
/ - |Lead <10 10 B
: Lithikam <4 4 .
* Manganese <4 4
] — [Molybdenum <4 4
4 . INickel <12 12
| Potassium <40 40
} - | Selensum <10 10
i - |Siver <10 10
J;—« ‘ Sodum <25 25
— ~ ISwontiom <10 10
3 — | Thalium <10 10
| Tetanium <8 8
e - |Vanadm <20 20
MMMMMMMMMM e




<12 12
<10 10
<10 10
706 10
<10 10
<20 20
<20 20
260 20
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Qor - R
—  }§20F Si as Si0,
i Al as ALO;
I Fe as Fe,0y
I Mg as MgO
Ca as Ca0
Na as Na,0
r K as K0
) ) Ti as TiG,
Ba as BaO
1 LOI (Loss @ 1000°C)
l TOTAL
Artimony <10 10
Arsenic <25 25
Beryllium 3 2
Boron <20 20
Cadmium <4 4
Clwomium 9 4
Cobalt <10 10
Copper ] 4
Lead 15 10
Lithium 48 4
|Manganese 403 4
Molybdenum <4 4
Nickel <12 12
Phosphorus 115 80
Selenium <10 10
Silver <10 10
Strontium 65 10
Thallium <10 10
Tn <20 20
Vanadium <20 20
Zinc 59 20




d0E — URAN S ¥ 3
. Sample ID Analysis
20G Si as SiO,
Mg as MgO
Ca as Ca0
P as PO
LOI (Loss @ 1000°C)
U as U,0,
TOTAL
Sample Detection
Analysis Resuit (ug/g) | Limit (ug/g)
Aluminum <10 10
Antmnony <10 10
Arsenic <25 | 25
Barkam <4 4
Berylium <2 2
Boron <20 20
Cadmium <4 4
Chromium <4 4
Cobalt <10 10
Copper <4 4
Iron 104 10
Lead <10 10
Lthium <4 4
’_Mﬁganme <4 4
Molybdenum <4 4
Nickel <12 12
Potassiam <40 40
- Selenaam <10 10
Siver <10 10
Sodim <25 25
- — Strontium <10 10
Thalllum <10 10
Tin <20 . 20
S —— - T [ TRankam <8 8
N Vanadium <20 20
Znc <20 20
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204 - M- SAZ-\

Sampie ID Analysis

|;0H Si as Si0, 59.6%
Al as ALO, 16.0%
Fe as Fe,0, 1.41% I
Mg as MgO 5.35% J
Caas Ca0O 0.803%

I Na ag N3,0 2.83%
Kas K0 0.144%
Ti as TiO, 0.195%
Mn as MnO 0.180%
LOI (Loss @ 1000°C) 14.9%

%

TOTAL

Sample Detection

Analysis Result (ug/g) Limit (ug/g) |
Antimony <10 10 ~
Arsenc <26 25
Barium 266 4
Berylium 4 2
Boron <20 20
Cadmium <4 4
Chromium 25. 4
Cobalt <10 10
Coppet <4 4
Lead 41 10 —
Lithiom 256 4
Malybdenum <4 4
Nickel <12 12

~ |Phosphorus <80 80
Selenum <10 10
Silver <10 10
Strontium 112 10
Thallium <10 10
Tin <20 20
Vanadaum 62 20

| Zine 75 20
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Analysis Sample Resuit
Si as Si0; 46.7%
Al as ALO; 12.5%
Fe as Fe,0; L% |
‘Mg as MgO s3% |
Caas C20 1.99%
K as K0 0.153%
Ti as Ti0, 0.161%

- LOI (Loss @ 1000°C) | 25.5%

92.6%

Sample Detection
Analysis Result (ug/g) | Lim& (ug/g)
Antimony <10 10
Barium 299 4
Berylium 3 2
Boron <20 20
) Cadmium <4 4
Chromusm 9 4
- Cobalt <10 10
Copper <4 4
Lead 26 10
- |Littwunm 212 4
Molybdenum <4 4
Nickel <12 12
Phosphorus <80 80
___|Selenium <10 10
Silver <10 10
Sadium 605 25
Stromtium 286 10
Thallium <10 10
m <20 20
- Nanadamn 57 20
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03 - SA Z-Na

D .
[ sacnpie Analysis Sample Result | S | ) | Lk (00
Fm P— ow Analysis Result ( Resuk (ug/g) | Limit (ug/g)
. SR Antimony <10 <10 10
Barium 53 53 4
F
e as Fe,0; 1.27% I Berylium 4 3 2
| Mg s MgO % S Boron 1240 ‘;2: 2:
‘Na as Na,0 3.44% : Calcium 253 251 20
- , Chromium 8 12 4
| Ti as TiO, 0.185% Cobakt <10 <10 10
LOI (Loss @ 1000°C) 23.4% V.—— Lead ; Z 1‘:’
L TOTAL 101% LRy & = .
I — esieindad , e Manganese 263 263 4
T Molybdenum <4 <4 4
Nickel <12 <12 12
r o _ Phosphorus <80 <80 80
Sample ID Analysi %I Seeman S i T
ple ysis Duplicate Resuit Selenium <10 <10 10
| 200 Si as Si0, 55.0% 4 - = S 0
< <
Al as ALO, 14.8% Thallium <10 <10 10
Tn <20 <20 20
Fe as Fe,0 1.31% Vanadiom <20 <20 20
Mg as MgO 5.00% Zne = > 2
F Na as Na,0 3.61%
Ti as TiO, 0.190% “
|l LOI (Loss @ 1000°C) 23.4% ||
! TOTAL 103%

— __——
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I Sample ID Analysi Sample Resuit
I 20K Si as Si0, 58.1%
Al as ALQO, 15.3%
Fe as Fe,0, 1.37%
‘ Mg as MgO 5.46%
Ca as Ca0 2.49%
| K as K,0 0.191%
|> Ti as Ti0; 0.199%
Lol Qoss @ 1000°C) |  255% |
I TOTAHL_ 109%
Sample Detection
. Resut { Limk {
Antimony <10 10
_ | Arsenic <25 25
Barium 315 4
Beryllium 3 2
Boron <20 20
Cadmium <4 4
Chromium 9 4
Caobak <10 10
Copper <4 4
Lead 21 10
Lithium 221 4
Manganese 594 4
Molybdenum <4 4
Nickel <12 12
Phosphorus <80 80
Selenium <10 10
Silver <10 10
- | Sodium 25
Strontium 299 10
Thalkum <10 10
<20 20
Vanadkum 61 20
Zinc 59 20
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LOL - SAZ-Nao
| Sample ID Analysis Sample Result
20L Si as Si0, 61.4%
;‘!///' Al as ALO, 16.7% A]
‘ Fe as Fe,0, 1.47%
V
— | Mg as MgO s63% |
~— | Na as Na,0 4.07%
—~ 1 Ti as TiO, 0.213%
I e LOI (Loss @ 1000°C) 24.4%
:j TOTAL 114%
\ B
—
\ —— Antimony <10 10
— Arsenic <25 25
\ o Banum 52 4
\ B Beryliium 3 2
i Boron 20 20
\ |
\ Calcum 261 20
Chromum 8 4
\ B Cobalt <10 10
\ ' Copper <4 4
\ Lead 20 10
Lithium 230 4
\ . Manganese 258 4
' Molybdenum 4
\ — Nickel <<12 1?2
\ L Phosphorus <80 80
\ '\ Potassium 560 40
\ B Selenium <10 10
Siiver 10 10
\ Strontium :10 10
\ Thalbum <10 10
Ao, Tu 20 20
\ - Varadam =50 20
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— —

Analysis

[ zom

Si as Si0,

63.6%

| Al as ALO,

14.4%

Fe as Fe,O,

5.47%

Mg as MgO

2.81%

Ca as CaD

2.64%

Na as Na,0

1.12%

K as K,0

3.29%

Ti as TiO,

0.578%

P as P,0;

0.238%

LOI (Loss @ 1000°C)

10.0%

19%

umege |
10

419

<4

alalaldia|3|e|eIBIN|sIR

<10

<10

174

<10 .

<20

142

119

4 ;
¢ :

. [P SR

H i
i i
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DON = 5 Co -\
Sample ID Analysis Sample Resuit
20N Si as Si0, 74.7%
| Al as ALO, 14.8%
Fe as Fe,0, 5.62%
Mg as MgO 2.93%
Ca as Ca0 2.74%
Na as Na,0 1.19%

Sample Detection
Analysis Result Limit (ug/g) |
Antimony <10 10
Arsenic <25 )
Barum 582 4
Berylium <2 2
—~ Boron <20 20
» Cadmium <4 4
' Chromium 66 4
—- Cobalt 19 . 10
- Copper 28 4
‘ Lead 23 10
-+ Lithium 48 4
—_— Manganese 388 4
L Molybdenum <4 4
Nickel 28 12
e Selenium <10 10
Siver <10 10
Strontiom 165 10
et | Thalbum <10 10
e Tin <20 20
Vanadnan 180 20
S Znc 108 20
e I .
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WRITTEN BY: J.D. Prikryl DATE WRITTEN: July 3, 1995
 REVISIONNO: 1 DATE REVISED: Sept 7, 1995
"~ OBJECTIVE: to synthesize soddyite [(UO2)2Si04.2H20] for use in thermodynamic

@

&c \Q

oA Len ézhcl(,

1le sl A? Wi § Hex A.Q
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a)

o)

c)

d)

i - e)

f)

EQUIPMENT:

SUPPLIES:

experiments of uranyl silicate minerals for the near-field geochemistry project.

Parr stainless steel reaction vessels (Model 4913EB; 2000 ml capacity)
Teflon liners for reaction vessels

Parr Model 4841 or 4843 temperature controlliers
Type J themocouples (teflon coated)

ORION ph/mV/ISE/OC meter

Combination ph electrode

Automatic termperature compensator probe
Analytical balance (Mettler PM 4600)

Hot plate (Thermolyne Type 13100)

Spectra Mesh teflon (70 micron openings)

Teflon beading

Teflon centrifuge tubes (50 ml)

pH buffers (pH= 1,2,4)
ultrapure water
glassware and platicware as needed

as . (oA
Fittings, valves, and tubing as necessary

(vo 337 G ‘\

Uranyl acetate dihydrate {UO2(CH3COQ02.2H20)}; MW=424.15K(lo%-94426+)— 7{3 Y

Silicic acid [SiO2.nH20]; MW depends on H20 content; assume no H20; 417 Iﬁ >
MW = 60 (lot 951303)

9 M HCI - diiuted from lot 945500

PROCEDURE:

Reagents for soddyite synthesis wiil be mixed in the stoichiometric ratio U:Si =
Place 21 g U-acetate in a 2000 mi teflon liner.

Place 6 g silicic acid (coarse fraction separated by density settling) in a 50 ml teflon
centrifuge tube. Cover tube opening with spectra mesh and secure with teflon beading.
Place tube in the teflon liner.

Transfer approximately 650 g of ultrapure H20 to the teflon liner and place in the
pressure vessel. Make sure H20 enters centrifuge tube and then seal vessel.

Raise and set the temperature of the solution in the reaction vessel to 150C using the
temperature controiler.

Degas the pressure vessel once it reaches about >140C by opening the air intake value
attached to the pressure gauge assembly.

Close intake value after degassing and allow the reagents to react for about 10 days.
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UBRANOPHANE SYNTHESIS
WRITTEN BY: J.D. Prikryl DATE WRITTEN: March 7, 1995
REVISION NO.: 2 DATE REVISED: Sept 8, 1995
OBJECTIVE: to synthesize uranophane [Ca(U02)2(Si030H)2.5H20] for use in

EQUIPMENT:

SUPPLIES:

PROCEDURE:

thermodynamic experiments of uranyl silicate minerals for the near-field
geochemistry project.

Parr stainless steel reaction vessels (Model 4913EB; 2000 mi capacity)
Teflon liners for reaction vessels

Parr Model 4841 or 4843 temperature controilers

Type J themocouples (teflon coated)

ORION ph/mV/ISE/OC meter

Combination ph electrode

Automatic termperature compensator probe
Analytical balance (Mettler PM 4600)
Welsh vacuum pump (Model 8910)

Hot plate (Thermolyne Type 13100)
Spectra mesh teflon (70 micron openings)
Tefion beading

pH buffers (pH= 1,2,4)

ultrapure water

glassware and platicware as needed
Fittings, valves, and tubing as necessary

Uranyl acetate dihydrate [UO2(CH3C002.2H20; MW=424.15 (analysis no.
337419/1 1094)

Silicic acid {Si02.nH20]; MW depends on H20 content; assume no H20;
MW = 60 (lot 951303)

Calcium acetate monohydrate [Ca(CH3COO0)2.H20; MW=176.19
(lot 944231)

9 M HC! - diluted from lot 945500

. quo The procedure for uranophane synthesis is based on Cesbron et al., 1993. Reagents will

be mixed in the stoichiometric ratio Ca:U:Si = 2:1:1. Although Cesbron et al. do not give
'N” information on the amount of solid and H20 used, they state that good crystallinity is
obtained if pH is less than 5.

a) Place 17.5 g Ca-acetate and 21 g U-acetate in a 2000 mi teflon liner.

b) Place 3 g silicic acid (coarse fraction separated by density settling) in spectra mesh.
Wrap mesh and secure with teflon beading. Place mesh in teflon liner.

c) Transfer approximately 1000 mi of ultrapure H20 to a 2000 ml erlenmeyer flask and
lower pH of the fluid to 1.0 by dropwise addition of 9M HCL.




d)

e)

f)

q)

Transfer approximately 650 g of the degassed H20 to the teflon iiner and place in
pressure vessel.

Raise and set the temperature of the solution in the reaction vessetl to 1500 using the
temperature controller.

Degas the pressure vessel once it reaches >140C by opening the air intake valve attached
to the pressure gauge assembly.

Close intake valve after degassing and allow reagents to react for about 10 days.
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ID: SODD5A* XRD
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WRITTEN BY: J.D. Prikryl DATE WRITTEN: March 7, 1995
REVISION NO.: 3 DATE REVISED: Oct 4, 1995

OBJECTIVE: to synthesize uranophane [Ca(U02)2(SiO30H)2.5H20] for use in
thermodynamic experiments of uranyl silicate minerals for the near-field
geochemistry project.

EQUIPMENT: Parr stainless steel reaction vessels (Model 4913EB; 2000 mi capacity)
Teflon liners for reaction vessels
Parr Model 4841 or 4843 temperature controllers
Type J themocouples (teflon coated)
ORION ph/mV/ISE/OC meter
Combination ph electrode
Automatic termperature compensator probe
Analyticai balance (Mettler PM 4600)
Welsh vacuum pump (Model 8810)
Hot plate (Thermolyne Type 13100)

SUPPLIES: pH buffers (pH= 1,2,4)
ultrapure water
glassware and platicware as needed
1000 mi erlenmeyer flasks with stoppers
Fittings, valves, and tubing as necessary

REAGENTS:  Uranyl acetate dihydrate [UO2(CH3CO02.2H20; MW=424.15 (analysis no.
337419/1 1094 )
Silicic acid [Si02.nH20]; MW depends on H20 content; assume no H20; - MW =
60 (lot 951303) '
Calcium acetate monohydrate [Ca(CH3COQ)2.H20; MW=176.19
(lot 944231)
9 M HCI - diluted from lot 945500

PROCEDURE:

The procedure for uranophane synthesis is based on Cesbron et al., 1993. Reagents will
be mixed in the stoichiometric ratio Ca:U:Si = 2:1:1. Although Cesbron et al. do not give
information on the amount of solid and H20 used, they state that good crystallinity is

obtained if pH is less than 5. Yy
s T Y A

%
a) Place 35 g Ca-acetate, 42 g U-acetate, and 6 g silicic acid in a 2000 mi teflon liner
and place liner in reaction vessel.

b) Transfer approximately 1500 ml of ultrapure H20 to a 2000 ml erienmeyer flask and
lower pH of the fluid to 1.0 by dropwise addition of 9M HCI.

c) Degas the H20 by boiling on a hotplate.

JURTRR———

PUN———
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Transfer approximately 1300 g of the degassed H20O to the teflon finer and place in - » R
pressure vessel, \)eﬁﬁ&
Raise and set the temperature of the solution in the reaction vessel to 150¢C using the a
temperature controller .
Degas the pressure vessel once it reaches >140C by opening the air intake valve attached
to the pressure gauge assembly.
Close intake valve after degassing and allow reagents to react for about 10 days
M [O = 4.02
mesh.
_ F-\ e8!/ 50 1\ 99 Wit ML I
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WRITTEN BY: J.D. Prikryl
REVISION NO.: 2

OBJECTIVE:

EQUIPMENT:

SUPPLIES:

REAGENTS:

PROCEDURE:

SODDYITE SYNTHESIS

DATE WRITTEN: July 3, 1995
DATE REVISED: Oct 31, 1995

to synthesize soddyite [(U02)2Si04.2H20] for use in thermodynamic
experiments of uranyl silicate minerals for the near-field geochemistry project.

Parr stainless steel reaction vessels (Model 4913EB; 2000 mi capacity)
Teflon liners for reaction vessels

Parr Model 4841 or 4843 temperature controilers

Type J themocouples (teflon coated)

ORION ph/mV/ISE/OC meter

Combination ph electrode

Automatic termperature compensator probe

Analytical balance (Mettler PM 4600)

Hot piate (Thermolyne Type 13100)

pH buffers (pH= 1,2,4)

ultrapure water

glassware and platicware as needed
Fittings, valves, and tubing as necessary

Uranyl acetate dihydrate [UO2(CH3C002.2H20)]; MW=424.15 (lot 337419/1
1094)
Silicic acid [SiO2.nH20); MW depends on H20 content; assume no H20;
MW = 60 (lot 951303)
9 M HCI - diluted from lot 945500

Reagents for soddyite synthesis will be mixed in the stoichiometric ratio U:Si = 1:2.

a) Place 42 g U-acetate and 12 g silicic acid (coarse fraction separated by density settling
in a 2000 ml teflon liner.

b) Transfer approximately 1500 g of uitrapure H20 to a 2000 mi erlenmeyer flask and
degas the H20 by boiling on a hotplate.

c) Transfer approximately 1300 g of the degassed H20 to the teflon liner and place in
pressure vessel.

d) Raise and set the temperature of the solution in the reaction vessel to 150C using the
temperature controller.

e) Degas the pressure vessel once it reaches about >140C by opening the air intake value
attached to the pressure gauge assembly.

f) Close intake value after degassing and allow the reagents to react for about 10 days.
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SOUTHWEST RESEARCH INSTITUTE

6220 CULEBRAROAD @ POST OFFICE DRAWER 28510 @ SAN ANTONIO. TEXAS. USA 78228-0510 @ (210) 684-5111 @ TELEX 244846

December 5, 1995

Mr. James Prikyrl
Division 20
Southwest Research Institute

Subject: Project 20-5704-152
Metals by ICP and Total Uranium Analyses
Work Order Number: 7939
Samples Received: November 01, 1995

Dear Mr. Prikyri:

Enclosed please find the sample results and QC sample results for the above referenced
project. If you should have any questions, please contact me at 210-522-2169.

Sincerely,

7 =
o J(W
\\;é?} Ann Boyd

QAU Group Leader

TECHNICAL APPROVAL:

Mike Dammann
Inorganic Group Leader

JAB:

SAN ANTONIO, TEXAS

HOUSTON, TEXAS e DETROIT. MICHIGAN @ WASHINGTON, DC




Division 20
Southwest Research Imsitute
SDG: 20pP

SwRI Work Order Number: 7939
December 5, 1995

page 1

SwRI Case N arrative
Division 20 SDG:20p

Fourteen (8) Samples for ICP and U-Total Analysis:

SwRI ID Customer ID
62301 20pP
62302 20Q
62303 20R
62304 208

62305 20T

62306 20U

62307 20V

62308 20W

Samples were received at SwRI on November 01,1995 fora 14 d
from Validated Time of Sample Receipt (VTSR).

METHODOLOGY OF ANALYSIS:

The major oxides were analyzed using a "whole rock"
tion of the samples followed by ICAP analysis for t
tion of samples was done by an HCL/HNO
digestion products were brought to a known volum

dissolu
dissolu

procedure that entails 3 complete
he major species. The chemical
YHF acid digestion in a teflon bomb. The
e using a 4% Boric acid solution to complex

The final solution was

ay turnaround time

131

Division 20 ‘
Southwest Research Insitute
SDG: 20P

SwRI Work Order Number: 7939
December §, 1995

page 2

"I certify that this data package is in compliance with the te;ms an‘;i.t?ondi;i::; eo(:'
i leteness, for other than the conditions
t both technically and for compl Jled
ﬂ;:)f/‘:n ‘I.{aeclt;ase of the data contained in this hardcopy d.ata !)ackage llas been authoriz
aby tht; Director or his designee, as verified by the following signature.

/] -~ P / /s ? j/
. “r]/" (’/I&I/é'l/@f/ Dy/
" JoAnn Boyd, L/ Date

__Group Leader ‘
Quality Assurance Unit,

Division 01

[




133

SOUTHWEST RESEARCH INSTITUTE
SAMPLE ANALYSIS DATA SHEET

Lab Name: Southwest Research Institute Client: Division 20
Lab Code: SWRI Date Received: 11/01/95

Lab System [D: 62301 Project No.: 20-5704-152

Sample ID Analysis Sample Result
20P Si as Si0, 15.658%
LR AN Sy g | Al as ALOS <0.001%
Fe as Fe,O, 0.009%
Mg as MgO 0.155%
Ca as CaO 6.593%
Na as Na,0O <0.001%
K as K.O 0.001%
Ti as TiO, 0.054%
Mn as MnO 0.001%
Ba as BaO 0.002%
Cr as Cr,0, <0.001%
Cu as CuO 0.004 %
Li as Li,O 0.001%
Mo as MoO, 0.007%
Ni as NiO ' <0.001%
P as P,0, 0.152%
Pb as PbO <0.001%
Sr as SrO <0.001%
V as V05 <0.001% -
Zn as ZnO 0.001% :
Co as CoO 0.002% o
U as U,0, 58.974%
LOI( Loss at 1000°C) 12.510%
TOTAL 94.124%
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SOUTHWEST RESEARCH IN
SAMPLE ANALYSIS DATA sngngUTE

Lab Name: Southwest Research Institute Client: Division 20
: ision

Lab Code: SWRI

Date Received; 11/01/95

Lab System ID:
ystem 62302 Project No.: 20-5704-152

Sample ID Analysis Sample Result

20Q Si as Si0, 15.945%
RANgo MR \D | Al as ALO, <0.001%
Fe as Fe,0, 0.011%
Mg as MgO 0.190%
Ca as CaQ 6.562%

Na as Na,O <0.001%

K as K,0 <0.001%

Ti as TiO, 0.052%

Mn as MnO 0.001%

Ba as BaQ <0.001%

Cr as Cr,0, <0.001%

Cu as CuO 0.004 %

Li as Li,O 0.001%

Mo as MoO, 0.007%

Ni as NiO 0.003%

P as PO, 0.167%

Pb as PbO <0.001%

Sr as SrO <0.001%

V as V,0, <0.001%

Zn as ZnO 0.001%

Co as CoO <0.001%

U as U,0, 58.478%

LOI( Loss at 1000°C) 12.750%

TOTAL 94.172%
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SOUTHWEST RESEARCH INSTITUTE
SAMPLE ANALYSIS DATA SHEET

Lab Name: Southwest Research Institute Client: Division 20

SWRI ’ Date Received: 11/01/95

Lab Code:

Lab System ID: 62303 Project No.: 20-5704-152

Sample Duplicate
Sample ID Analysis Result Result
20R Si as Si0, 5.683% 5.774%
. Al as AL, <0.001% <0.001%
Wi 6(1!0717/ 2, Fe as Fe,O, 0.003% 0.001%
Mg as MgO 0.165% 0.113%
Ca as CaO <0.001% <0.001%
Na as Na,0 4,731% 4.982%
K as K,0 <0.001% <0.001%
Ti as TiO, 0.045% 0.045%
Mn as MnO 0.001% 0.001%
Ba as BaO 0.012% <0.001%
Cr as Cr,0, <0.001% <0.001%
Cu as CuO 0.004 % 0.004%
Li as Lj,0 0.001% <0.001%
Mo as MoO, 0.007% 0.008%
Ni as NiO ©<0.001% 0.002%
P as P,0O; 0.015% 0.140%
Pb as PbO <0.001% <0.001%
Sr as S10 <0.001% <0.001%
V as V,0; <0.001% <0.001%
Zn as ZnO <0.001% 0.003%
Co as CoO 0.003% <0.001%
U as U,04 54.361% 55.865%
LOI 25.840% 25.840%
TOTAL 91.005% 92.779%
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Lab Name:

Lab Code:

137

Southwest Research Institute

SWRI

Lab System ID: 62304

SOUTHWEST RESEARCH INSTITUTE
SAMPLE ANALYSIS DATA SHEET

Client: Division 20

Date Received:

11/01/95

Project No.: 20-5704-152

Sample ID Analysis Sample Result

208 Si as Si0, 15.455%

WD ANY Sy nie | Al as Al,O, <0.001%
Fe as Fe,0, 0.006%
Mg as MgO 0.265%
Ca as CaO 6.436%
Na as Na,O <0.001%
K as K;0 0.003%
Ti as TiO, 0.052%
Mn as MnO 0.001%
Ba as BaO 0.001%
Cr as Cr,0, <0.001%
Cu as CuO 0.004 %
Li as Li,O 0.001%
Mo as MoO, 0.001%
Ni as NiO . 0.001%
P as P,0; 0.173%
Pb as PbO <0.001%
Sr as SrO <0.001%
V as V,0q <0.001%
Zn as ZnO <0.001%
Co as CoO <0.001%
U as U,04 59.099%
LOI( Loss at 1000°C) 13.020%
TOTAL 94.517%
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SOUTHWEST RESEARCH INSTITUTE
SAMPLE ANALYSIS DATA SHEET

Lab Name: Southwest Research Institute

Lab Code: SWRI

Lab System ID: 62305

Client: Division 20
Date Received: 11/01/95

Project No.: 20-5704-152

Sample 1D Analysis Sample Result
20T Si as Si0, 15.092%
5?0 Wace 02| Al as AlL,O, <0.001%
D7 Mo s.hete) Fe 2 Fe0, 0.002%
Mg as MgO 0.181%
Ca as CaO 0.001%
Na as Na,0 14.481%
K as K,0 0.002%
Ti as TiO, 0.032%
Mn as MnO <0.001%
Ba as BaO <0.001%
Cr as Cr,0, <0.001%
Cu as CuO 0.003%
Li as Li,0 <0.001%
Mo as MoQO, 0.005%
Ni as NiO . 0.005%
P as P,0; 0.122%
Pb as PbO <0.001%
Sr as SrO <0.001%
V as V,0; <0.001%
Zn as ZnO 0.003%
Co as CoO 0.005%
U as U,04 39.324%
LOI( Loss at 1000°C) 25.410%
TOTAL 94.667%
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SOUTHWEST RESEARCH INSTIT UTE
SAMPLE ANALYSIS DATA SHEET
Lab Name:  Southwest Research Institute Client: Division 20

Lab Code: SWRI Date Received: 11/01/95

Lab System ID: 62306 Project No.: 20-5704-152

Sample ID Analysis Sample Result
20U Si as SiO, 3.240%
s Lol & | Al as ALO, <0.001%
07, No il ) Fe as Fe,0, 0.002%
Mg as MgQ 0.255%
Ca as CaO 0.008%
Na as Na,0 2.630%
Kas K,0 <0.001%
Ti as TiO, 0.053%
Mn as MnO 0.001%
Ba as BaO 0.002%
Cr as Cr,0, <0.001%
Cu as CuO 0.005%
Li as L1,0 0.001%
Mo as MoO, 0.014%
Ni as NiO 0.001%
P as P,0O, 0.193%
Pb as PbO <0.001%
Sr as SrQ <0.001%
V as V,0, <0.001%
Zn as ZnO 0.001%
Co as CoO <0.001%
U as U,0, 65.497%
LOI( Loss at 1000°C) 24.740%
TOTAL 96.642%

EST RESEARCH INSTITUTE
SOUTgthPLE ANALYSIS DATA SHEET

Lab Name: Southwest Research Institute

Lab Code: SWRI

Lab System ID: 62307

141 |

Client: Division 20 "
Date Received: 11/01/95
Project No.: 20-5704-152

i 4
i H
it 5

:

H

Sample ID Analysis Sample Result
20V Si as SiO, 16.732%
U RANSSYN 0] Al as ALO, <0.001%
Fe as Fe,0, 0.003%
Mg as MgO 0.231%
Ca as CaO 6.087%
Na as Na,0 <0.001%
K as K,0 0.002%
Ti as TiO, 0.051%
Mn as MnO 0.001%
Ba as BaO 0.005 %
Cr as Cr,0, <0.001%
Cu as CuO 0.003%
Li as 11,0 0.001%
Mo as MoO, 0.012%
Ni as NiO 0.001%
P as P,O; 0.170%
Pb as PbO <0.001%
Sr as StO <0.001%
V as V,0; <0.001%
Zn as ZnO 0.001%
Co as CoO 0.001%
U as U,04 57.416%
LOI( Loss at 1000°C) 12,740%
TOTAL 93.457%
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SOUTHWEST RESEARCH INSTITUTE
SAMPLE ANALYSIS DATA SHEET

Lab Name; Southwest Research Institute Client: Division 20
Lab Code: SWRI Date Received: 11/01/95

Lab System ID: 62308 Project No.: 20-5704-152

Sample ID Analysis Sampie Result

20w Si as SiO, 16.163%

URARsvwrq | Al as ALO, <0.001%
Fe as Fe,0, 0.008%
Mg as MgO 0.173%
Ca as CaO 6.225%
Na as Na,0 <0.001%
K as K,0 <0.001%
Ti as TiO, 0.052%
Mn as MnO 0.001%
Ba as BaO <0.001%
Cr as Cr,0, <0.001%
Cu as CuO 0.004 %
Li as Li,0 0.001%
Mo as MoO, 0.010%
Ni as NiO : 0.002%
P as P,O; 0.195%
Pb as PbO <0.001%
Sr as S10 <0.001%
V as V,0; <0.001%
Zn as ZnO <0.001%
Co as CoO 0.005%
U as U,0, 58.151%
LOI( Loss at 1000°C) 13.070%
TOTAL 94.059%




SOUTHWEST RESEARCH INSTITUTE

SAMPLE ANALYSIS DATA SHEET

Lab Name: Southwest Research Institute

Lab Code: SWRI

Lab System ID: NA

Client:

Date Received:

Project No.: 20-5704-152

Division 20

L

11/01/95

i

IR

L

L

Sample ID Analysis Beginng of Run End of Run
278 Si as SiO, 74.222% 72.831%
Al as AlLO, 13.831% 14.880%
Fe as Fe,0, 2.106% 2.120%
Mg as MgO 0.230% 0.252%
Ca as CaO 0.983% 0.952%
Na as Na,0 4.684% 5.274%
K as K,0 4.044% 4.546%
Ti as TiOQ, 0.241% 0.247%
Mn as MnO 0.050% 0.050%
Ba as BaO 0.101% 0.105%
Cr as Cr,0, 0.001% 0.001%
Cu as CuQ 0.001% 0.001%
Li as Li,O 0.010% 0.011%
Mo as MoO, 0.001% 0.001%
Ni as NiQ 0.002% <0.001%
P as P,0, 0.072% 0.057%
| Pb as PbO 0.005 % 0.003%
Sr as SrQ 0.004% 0.004 %
V as V,0, 0.002% 0.002%
Zn as ZnO 0.007% 0.007%
Co as CoO 0.001% 0.002%
U as U,0, <0.001% <0.001%
LOI( Loss at 1000°C) <0.001% <0.001%
TOTAL 100.596 % 101.347%
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SOUTHWEST RESEARCH INSTITUTE

SAMPLE ANALYSIS DATA SHEET

Lab Name: Southwest Research Institute Client: Division 20
Lab Code:  SWRI | Date Received: 11/01/95
Lab System ID: NA Project No.: 20-5704-152
Sample ID | Analysis Beginning of Run End of Run
688 Si as Si0, 50.783% 49.463%
Al as ALO, 17.425% 19.243%
Fe as Fe,0, 10.389% 10.304 %
Mg as MgO 8.389% 8.924%
Ca as CaO 12.270% 11.455%
Na as Na,0 2.010% 2.442%
K as K,0 0.177% 0.215%
Ti as TiO, 1.172% 1.194%
Mn as MnO 0.160% 0.158%
Ba as BaO 0.018% 0.019%
Cr as Cr,0, 0.046% 0.044 %
Cu as CuO 0.013% 0.014%
Li as Li,O 0.001% 0.001%
Mo as I»:loO3 <0.001% <0.001%
Ni as NiO 0.020% 0.017%
P as P,0; 0.198% 0.184%
Pb as PbO 0.006% <0.001%
Sr as SrO 0.010% 0.011%
V as V,0; 0.052% 0.052%
Zn as ZnO 0.010% 0.009%
Co as CoO 0.010% 0.014%
U as U,04 <0.001% <0.001%
LOI( Loss at 1000°C) <0.001% <0.001%
TOTAL 103.159% 103.762%
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URANOPHANE SYNTHESIS
WRITTEN BY: J.D. Prikryl DATE WRITTEN: March 7, 1995
REVISION NO.: 4 DATE REVISED: April 15, 1996

OBJECTIVE:  to synthesize uranophane [Ca(U02)2(SiO30H)2.5H20] for use in
thermodynamic experiments of uranyl silicate minerals for the near-field
geochemistry project.

EQUIPMENT: Parr stainless steel reaction vessels (Model 4913EB; 2000 ml capacity)
Teflon liners for reaction vessels
Parr Model 4841 or 4843 temperature controllers

Type J themocouples (teflon coated)

ORION ph/mV/ISE/OC meter
Combination ph electrode

Automatic termperature compensator probe
Analytical balance (Mettler PM 4600)

s Weish vacuum pump (Model 8910)

Hot plate (Thermolyne Type 13100)

SUPPLIES: pH buffers (pH= 1,2,4)
ultrapure water
glassware and platicware as needed

1000 ml erlenmeyer flasks with stoppers
Fittings, valves, and tubing as necessary

Uranyl acetate dihydrate [UO2(CH3CO02.2H20; MW=424.15 (analysis no.
337419/1 1094 )

Silicic acid [SiO2.nH20]; MW depends on H20 content; assume no H20; - MW =
60 (lot 951303)

Calcium acetate monohydrate [Ca(CH3C00)2.H20; MW=176.19

(lot 944231)
9 M HCI - diluted from lot 945500
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PROCEDURE:
The procedure for uranophane synthesis is based on Ce: i
: ' rar r ‘ sbron et al., 1993. R
itr);orrnr;lxaetF’ in thgmstmchlometnc ratio Ca:U:Si = 2:1:1.  Aithough Cesbron et al gﬁ'gfml
mation on the amount of solid and H20 used allinity i
obtained 1 ot i oo ount of , they state that good crystallinity is
a) Place 10.2 g Ca-acetate, 12.25 g U-acetate, and 1.75 g silici id i
liner and place liner in reaction vessel. , |15 9 sl acid in 2 2000 mi teflon
b) Transfer approximately 1500 mi of ultra;
: pure H20 to a 2000 mi erlenm
lower pH of the fluid to 1.0 by dropwise addition of 9M HC. ever flask and
c) Degas the H20 by boiling on a hotplate.

Transfer approximately 1350 g of the degassed H20O to the teflon liner and place in
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pressure vessel.
e) Raise and set the temperature of the solution in the reaction vessel to 150C using the
T temperature controlter.
T f) Degas the pressure vessel once it reaches >110C by opening the air intake valve attached .
e to the pressure gauge assembly.
SR g) Close intake valve after degassing and ailow reagents to react for about 10 days.
\\ e —
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e SOUTHWEST RESEARCH INSTITUTE e

S CUnemaphes 5ol LA e SAMPLE ANALYSIS DATA SHEET

. B e
—l—%D S \1\ (X M‘@ FQ : — o
g, (ane M«Q»-.LSOanl&\o .
.1\5\1 T — ~ Lab Name: Southwest Research Institute Client: Division 20 B
. . e : — . ed:

L., me [ » ) 12 195 / - Lab Code: SWRI Date Received: 04/25/96 ~
awckele .30 5 sihe celd & 2.0 4 . Mat  Liquid Date Analyzed: 05/06/06 e
M’*"\oﬁ Mdﬁﬁfv WM e, - ~ Project No.: 20-5708-573 -

\\ Lab Calcium Sodium Silicon Uranium
. Semple ID_| System ID | Resuit (ug/mL)| Result (ug/mL)| Resutt (ug/mi)| Result (ug/mL)| —
\ 20 A1 70230 4.76 <0.1 7.18 56.1 3
. Duplicate | 70230 4.56 <0.1 743 56.4
\ , RPD 70230 45% 0.0% 0.7% 1.3% _—
\ Spike 70230 14.1 10.3 7.7 108
ike Added| 70230 10.0 10.0 10.0 50.0 -
Recovery | 70230 93.4% 108.0% 105.2% 105.8% .
— 20 A2 70231 10 233 15.6 60 -
20A3 70232 11.3- <0.1 756 136 —
20 A4 70233 <0.1 <0.1 4,07 74
20 A5 70234 472 <0.1 7.02 55.6 -
20 A6 70236 8.03 121 72 87.7
S 20 A7 70236 11.5 <0.1 17.2 135
20A8 70237 48 <0.1 7.2 57.1
e 20 A8 70238 <0.1 <01 4.06 728
20 AA 70239 4.94 18.6 10.3 137 =
S 20AB 70240 4.57 <0.1 691 54.1
A 20 AC 70241 4.65 <0.1 72 56.4
— Detection Limit: Ofug/mk  OtugmL  OdugimL 0.1 ug/ml B
" - el
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SOUTHWEST RESEARCH INSTITUTE
SAMPLE ANALYSIS DATA SHEET

Lab Name: Southwest Research institute Client: Division 20
Lab Code: SWRI Date Recelved: 05/20/96
Matrix: Lquid Project No.: 20-5708-673
Lab Calcium Silicon Sodium Uranium
Sampile ID System ID_| Resuit (ug/mL)) Result (ug/mi)| Resutt (ug/mL)| Resutt (ug/mL)
20AD 71369 4.80 6.91 <0.1 54.3
Duplicate 71369 4.82 6.74 <0.1 52.3
RPD 71369 0.4% 2.5% 0.0% 3.8%
Spike 71369 15.6 16.8 8.30 100
Spike Added 71369 10 10 10 50
Recovery 71369 108.0% 98.9% 83.0% 91.4%
20AE 71370 10.3 15.4 21.8 48.1
20AF 71371 9.33 13.5 <0.1 104
20AG 71372 5.18 104 17.2 133
20AH 71373 4.77 6.74 <0.1 52.8
20Al 71374 8.24 7.24 10.9 85.1
20AJ 71375 9.44 13.3 <0.1 103
20AK 71376 4.76 6.74 <0.1 51.8
20AL 71377 4.71 6.66 <0.1 51.7

Detaction Limit: 0.1 ug/mL 0.1 ug/mL 0.1 ug/mL 0.1 ug/mL
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