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APPENDIX D

HYDROTHERMAL SYSTEMS INVESTIGATED FOR THE SYNTHESIS

OF ZSM-5



357

1

1:0¢

1:0¢

1:6°Le

-6 Le

HOeN
I4VYdL

sleuUTWUNTY
wny pos

ST Xopng

0%H

HO®N
Igydl
aqeuTuUNY
uny pos

8T xopnT

0°%H
HO®EN
Iavdy

ajeUTWNTY
wnypos

57 xopny

0%H
HO®EN
14 ¥4l

ajeUTWUNTY
wnypos

sy xopn]

# 914
STSATEUY ARH-Y

ot3ey eujuniy 03 eITTTS Surdiep Jo STSaYjUAS J0J suny saeldogny Jed Jo AJewuns 92 31qe]

£0%1v/2018S

juadeay swy uy

6074
99" L9T1

16°8
Ge 951

00°0001
81°01
L vey

08°0¢
16°L9¢

00°00¢ 1
AN AN
¢veLle

1781
68 14t

¢2°'¢811
8° 21
65" V05

69°91
2601y

0cn] T12Lul
€01S 00°02

021V 00°'1
0%eN 65°¢

I4Vdl 2°62
0°H 0°0021
¢01S 0°0¢

€021y 6°1
o%eN §°¢
IgVdl 90v° 2T
0%H 80°¢911
¢oYS 16°L2

€0%1v 00°T
o%en 01°¢

0%H 80°¢OTT
0TS 16°L2

021V 00°1
ofeN 01°¢

oL

49

ST

uoT}Isoduwo]

uotriT1sodwo) Mood qeT ur 3deq

Je 10N

¢d

cd

d

# uny



guRYo ocH Lgcoel IgVdd 00" LY
X3 3PTIOTYD HOBN 68°6 011 1172481
T Lo Y I4Vdl 967612 Z01S 00709
pwpwm maw ajeuTWNTY
mous o1 914 wnYpos $g°6 €01V 00°T
6 1:09 ST XOpnT 8¢ °¢LG 0%eN 65°¢ 1L <14
0%H L£°¢021 J9YIL 00°LT
HOBN LE°6 0%H 11°2L8T
agvdl 85° 90z 20TS 00°06S
ajeuTwnTy
wnypog $g°6 £0%1v 00°T
g 1:06 ST XopnI $9°29% o%eN 65°¢ oL Z1d
0%H LE*¢0zT I4VdL 00° LT
HOBN 06°8 0%H T1°L81
2gVdL S v6T €01S 00°0OF
R ajBUTWNTY ¢
« wnTPoS 9¢°6 0%1V 00°1
L 1:0% ST xopnT 00° ¥¥e o%eN 65°¢ oL 14
0CH L¢*¢02l IgVdL 00°LT
adueys HO®BN @t°g om: 11°2L81
-X3 9pIIOTUD . é .
anuoLEy IgvdI 80°681 0TS 00°0¢€
Is3Je O1d ajeuTUNTY ¢
~smoys 9 914 wnTpos 16°8 0CTY 00° T
s 1:0¢ 67 XopnT OL°6H2 oen 65°¢ oL 01d
0%H L£7¢02T Ig V4l 00° LT
# *31d moNH<\Noﬁw juadealy swy ut uotiytsodwmo) Nood qeT uy afeq # uny
s1sATeUy Lel-y uotrszrsodwo) JeTol panutjuo)d

. 92 ?lqey



N e

0%H 00°006 LIVLL 00° LT
HOBN 2676 OCH 1T*2L8T
Igvdl 1L°L02 €oT1S 00001
sjrwuTWOTY . n .
wnIpos 00°'0lL OcTIvV 00°1
1:001 sT XOpnT p1'616 o%eN 66°¢ 2L L1d
0%H 00°000T IGVdL 00°LT
HO®BN L8°6 0% 11°2L8T
agvdl g¢° 612 €015 00°06
ajeuTWNY
wnTpos LE*0T L0l1v 00°1
1:06 §7 XOpnT 08°948 0%eN 66°¢ 1L 9Td
0% L§°¢0zT JEVIL 00°LT
N loeN ¢T°T1 0°H TT°2L8T
« 4yl L6°2he 201S 00°08
ajeuTuny ¢ - .
wnIpPes OL'TT 0%V 00°1
1:08 §T xopnT ST°098 0%eN 65°¢ 1L ¢1d
0% 00°000T VI 00° L1
HOEN 1L°9 01 11*748T
agvdl 207061 ¢H1S 007 0L
IjeuTwnly ] ¢ > .
wnTpos G1°6 0“1Y 00°T
1:0L 87 xopnl 19°88S 0%uN 66°¢ L y1d
# 974 Loty /Cots juadeay sun ut uorytsodwoy  yood qe ut aded 4 uny
stsA1euy Aea-y uotiT1sodwo) Je1oy panuyiuo)

9¢ 31qEl



0%H 00°€02T IAvdL 0L T
HoeN 81" 11 011 00°002T
IGYIL GLGLL ¢0TS 00°0¢
ajeuTWRTY
WnTPOS 69°GY £0%1v 00°¢
21 1:01 ST xopnT 6L°61Y o%eN 00°¢ Lot 22d
0%H 00°£02T IGVdL 02°62
HOBN ¢T° 1T 0%H 00°002T1
2 IgVdL 91°0bS C0TS 00°0¢
™ ajeUTWNTY
wnTpos tL°22 0%y 61
11 1:02 s xopnT g8°L1t 0%eN G°¢ 901 124
0CH 00°00L IOV 00° LT
HoeN 26°TT 0%l 1T°2L8T
agvdy Sv*152 0TS 00°06T
SjBUTUNTY
waTpos 11°2T £0C1v 00° T
1:06T 8T XopnT LO°699T nlen 66°¢ ) 81d
# *31d nONA<\NOHm qruadeoy swrn Ut uoirTsodwoy Moog qe utr 8ded # uny

sTsATeuy Aevi-Y

uotg1sodwo)d

IeTOW

panutluo)

92 aTqe]



361

AyTuT UL 008 000051 0081 000 00°¢ 19 g2aoa
AyyuryuT 00°8- 00°004T 008l 000 00" ¥ 19 L2a0d
ve fyyutyuy 00" 00°0061 00°B1 00°0 002 09 92a0a
¢2 0%H 00°00¢¢ : HO(VAL) 2L : HOeN 2 : £(f0)ed) Tv i 0TS 0011 LS $200d
0%H $8°¥LOG : HO(VAL) ZL : HOEN 2 : ©(S0)eN) Tv : 015 00° 11 96 b2aoa
22 LyyuyyuT 882 00°QLTY 00001 00°0 AR A Y4 1eqoda
12 Lyyutyuy 9°92 00°0L1Y 00°001 00°0 ¢t 6 02004d
02 Aypupyuy G've 00°0L1Y 00°00T 00°0 ARA! 1234 61a0a
61 A3yutyuy 00°02 00°0L1Y 007001 00°0 00°01 g - 81d0da
81 £yyuyyuT 00°2 00°06¢ 00°81 0070 00" 1 9¢ 914041
91 T:0v 00" 00°04L 00°81 Sr°o 00°2 1£4 G1aoa
1:09 00"V 00°0SL 00°81 060 00°2 ¢ v 1aoa
a1 1:08 00"t 00 064L 00°81 ALY 00°2 0¢ ¢ 1aod
1A 1:4L°999 00"t 00°06L 00°81 €0°0 00°2 62 21aod
T:ebT 00" ¥ 00°06L 00781 ¢1°0 002 8e 01a0a
12111 00"V 00°06L 0081 291°0 0072 82 6000
1:001 00" b 00*06L 00°81 810 00°2 ve Laoa
<1 T:11L 00"t 00°06L 00°81 910 00°2 G2 8004
LT 1:L0L2 00°8 00°06L 0081 69°0 00°2 19 9a0d
*913 €01y 0°vdl 021 Cots Colty oen §e3d 4 unyg
/¢01S ¥ood qeT]
L2 °1qel

suny AJojexoi1dxq



362

(0] % 0% 9 « STOTV 9PYIOTUD wnuiwnle S¥ Pappe wnuiwnly  $0T Lyaoa
6¢ 0%H ¢ . £0C1v aprxoapAy wnuiunie Se Pappe WAUTWNTY 0T 9vaoa
ouvz - You C(vun) . €(Yos)Cry
mm ajeJiIns wntuouwue unutunie se poppe wnuirwunty rPOT mvﬂom
LE n\wﬁmrov:oo\ﬂ< apixodoad-osT wnuTWwNiE BB pappe wnutwnly votr yvaona
9¢ a1eX}TU wnutunie OH 6 . £(%ON)Tv Se pappe wnuyunly 01 ¢yaoa
a¢ L8 Zhaoa
149 g 1vaoa
49 L8 obaoa
44 L8 6£a0a
1¢ L8 8¢0d
{2vaoa
yanoIysz Hooq
(s14 -330U 335) LB Ledoa
62 1:06 282 00°888¢ 00°00T 11°1 11711 €8 9¢aoda
82 1:06 S o 00°888¢ 00°001 00°2 1T 1T €8 geaoda
91EI]}
Le T:0¢ S vt 00 *888¢ 00001 =-1u se ¢°¢  TU°11 €8 v<aoa
31eJa
92 1:02 G vy 00°888¢ 00001 -Tu se g T1 11 8 €£aoa
ERRNG]
G2 12002 G*vy 00" 898¢ 00001 -Tu se g° 1111 Z8 zeaoa
31els
T:0071 S vy 00°888% 00°00T  -Tu se [ T 11 28 1¢€q0q
Lytutjuy 00°8 00°00L 00°81 00°0 002 18 ocaoa
FTUTJUY 00°9 000061 0081 00°0 00°¢ 29 620001
# *814 AR 0%vdL 0°%H cots “0l1v o%eN  #'9d # uny
/cots food qeTd
panuTiuo)

suny Axcjrerordxy
Lg 91481



363

Y 1:6 2L 99 00°0021 00 °*0¢ 00°*9 00’8 80T 2600a

2y 1:8 96" LY 000021 00°*0¢ GL"¢ GL° G B80T 15700

AytTutyut 00°8 00 *0SL 00°81 000 002 {001 6y aoa

184 {ejoW wnuTWNIE Se pappe wautwniy  ¥0T  8¥d0Q

#91d Loty 0%vaL 0%H %ots 01y oen  #°3@  # uny
\moﬂm yoog qeTl

PanUTIUOD

suny Axojexotdxdy

LC aTqel



364
Table 28. Batch Compositions

DOD-N1-Z8M-5-1

TPABr 107

NH ), OHBr 600 cc
»-2000 4.75
LudoxAS-40 hy2
NaOH 10.8

N1*2sou +6H,0 60 gr (7.5 wt.% Ni) (263MW)

DOD~-N1-Z5M-5-1-11-5

TPABr 107
NH,OH 600 cc
»-~2000 4.75
LudoxAS-40 442
NaCH 10.8

NisQ, - 6H20 60 gr
5.5 Na20—210(NHu)20-13(TPA)EO-Al203—1208102—1600H20—

9.2N180,

DOD-Cu-28M-5-1=-11=-5

TPABr 107

NH ,OH 600 cc
F-2000 k.75
LudoxAS=L0 b2
NaOH 2.16

cu*2so, - 5H,0 lgr (0.2% wt. Cu)

1 NagO-lB(TPA)2O-210(NHu)EO—A1203—1205102—1550H20-
O.lGCuSOu
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Table 28, Continued

DOD-Pt-Z5M=5-3.6

TPA 107gr
NHHOH 600 cc
F-2000 4,758r
LudoxAS-40 by2gr
NaOH 3.6 gr
H2Pd015 . 6H20 87.26 gr of 5 wt% aqueous (0.9 wt% Pt) .

1.8Na20 - 13(TPA)20-210(NHH)2O—A1 0 -1208102—1600H C-

273 2

0.3“H2PtCl6

DOD-Pt-Ins-ZSM-51 (L0/1 2SM-5)

TPA 194 gr
Ludox 343.9 gr
NaAluminate 9.36 gr
NaOH 8.9 gr
H50 1203 ml

Add (1.8 wt% Pt as H PtCl, '6H20) in accordance with
inciplent wetness

3.6Na20 - 3.5(TPA)20-A1203-u05102-1872H20

DOD-PAd~Z5M-5-2

TPA 107 gr
NH,0H 600 cc
F-2000 4,75 gr
Ludox Ly2gr

NaOH 2.2 gr
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Table 28. Continued

PdCl 5.446 gr (1.8wt% PQ)

2
1.11Na20—13(TPA)20-210(NHM)20—A1203-1208102-1550H20-
1.25 PdCl2

DOD-Pt-2Z8M-5-1-11-12

TPA 107gr
NH ) OH 600 cc
F-2000 4,75gr
LudoxAS-40 Liy2gr
NaOH 4,2gr

H2PtC16'6H2O 87 gr of agueous solution (0.9 wt% Pt)
Swt% aqueous
2.lNa20—13(TPA)QO—EIO(NHM)2O-A1203-1205i02—1600H20-

O.BHHEPtC16

DOD-Ru~2ZSM-5-1-11-29

TPA 107gr
NH, OH 600cc
F=2000 4,75gr
LudoxAS-40 Ly2gr
NaOH 5.593gr

RuCly -3H,0 23.49 gr (5.2 wt% Ru)
2,8Na,0-13(TPA) ,0-210(NH) ) ,0-A1,04-120510,-1575H0-
3.7 RuCl,
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Table 28. Continued

DOD-Rh-Z5M=-5-2-11-30

TPA 107gr

NH, 08 600ce

F-2000 4.75gr
LudoxAS-~40 442gr

NaOH - 2.0228gr
RhC1,-3H,0  2gr (0.44 wt%Rh)

3
1Na20—13(TPA)20-210(NHM)20—A1203-1208102—1575H20-

O.31HhCl3

DOD-Sn-ZSM=5-1~12-3_

TPA 2lUgr
NH, OH 600cec
F-2000 4,75gr
Ludox HQEQr
NaGH ' 2.2gr

SnCly-5H,0 5.318 gr (1wt Sn)
1.llNaZO-QG(TPA)20-210(NH4)20—A1203-1208102—1550H20-

0.625nCly,

DOD-Fe~ZSM~-5-7-12-8

TPA 300gr
NHyOH 600cc
F-2000 4.7s5gr
Ludox Y42gr
Na20 2.0gr
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Table 28, Continued

(2.96 wt¥ Fe)
N320-36(TPA)20-210(NHQ)20—A1203—1208102-1550H20-

1.9Fe203
DOD~Fe=2
TPABr 213gr
NH, OH 1258ce
Reheis F=2000 2.0gr
LudoxAS-40 885gr
NaOR 2.0gr
Fe(OH)3 6.0 gr (1.7wt% Fe)

2.HN320~IONO(NH4)20—60(TPA)20-A1203-5668102-7500H20—

2. 7Fe203

DOD-Fe-ZSM=-5-Br-1

TPABr 103.58r
NHyOH 105¢ce
LudoxAS-40 221gr
NaOH lgr

HZO 150

FeBr3 (2% wt Fe)
0.OlBNa20—2(NHu)20-0.45(TPA)20-8102-32H20-0.02FeBr3
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Table 28, Continued

DOD-Fe-Z8M-5=3

TPABr 107gr

NH ), OH 600ce

R-F-2000 1l.3gr
LudoxAS-40 Ly2gr

NaOH lgr

Fe(OH)3 30gr (9 wtf Fe)

1.BBNaEO—TGO(NHu)2O-u6(TPA)QO-Al203—u355102-4900H20-

21Fe203

DOD-P3d-Z5M~-5-1-115

TPA 107gr
NHHOH 600cec
F-2000 L.75gr
LudoxAS=-40 hi2gr
NaCH 2.0gr

PACl, (5% wt aqueous) 20 gr of 5 wt¥® aqueous (0.5 wt% Pd)
Na20—13(TPA)20—210(NHM)2O—A1203-1208102-1550 H20—

0.23PaCl,
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Table 28, Continued

DOD—-Cr-ZSM=-5-1-11-12

TPA 107gr

NHuOH 600ce

F~2000 L.75gr

LudoxAs-U40 Lyo2gr

NaOH 2.48gr
Cr(NO3)39H20 153.6gr (11% wt Cr)

l.25Na20-l3(T?A)20-210(NHM)20—A1203-1205102-165OH2O—

IS.SCr(NO3)3

DOD-Ni-Z8M-5-~2~11-12

TPA 107¢gr

NH,OH 600ce

F-2000 L.75gr

LudoxAS-40 442 gr

NaOH 16,27gr

NiSOn'6H20 90.4 g (11.3 wtiNi)

8.2Na20—13(TPA)20—210(NHH)ZO-Al203-1208i02-1600H20-

13.81\1150,\l



Table 28, Continued

DOD-Fe-25M=-5-4

TPABr 107gr
NH,O0H 600cc
R-F-2000 g.5gr
LudoxAS-40 445gr
NaOH 2,0gr
Fe(CH) 4 30gr (9wtiFe)

O.5Na20-105(NHu)20-6(TPA)20-A1203-608102—77OHEO—

2.8?9203

DOD-Fe-28M=-5-5

TPABr 2l4gr

NHyOH 600¢c

F-200C 4.75gr
LudoxAS-40 Lh2egr

NaCE 2.0gr

F‘e(OH)3 30gr (B.Twt %Fe)

Na20—210(NHu)20-25(TPA)2O-A1203-1208102-1550H20-

5.6Fe203

DOD-Fe-2SM-5-6

TPABr 107gr

NH,OH 600cc
R-F-2000 7.58gr
LudoxAs-40 4y2gr

NaOH 2gr

Fe(OH)3 30gr (9wt% Fe)

0.6UNa 0-132(NHy) ;0-8(TPA) 20-A120,-755102-975H,0-3. 6Fe,03



