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Preparation of Aluminum Phosphate by Precipitation
Method and its Catalytic Activity in
n-Butanol Dehydration

Hidenobu ItoH, Masatoshi YosHIDA
and Akio Tapa

The circumstances in the preparation of aluminum phosphate catalyst which control
the properties of the catalyst have been investigated for the phosphate prepared from
a solution of aluminum salt and phosphoric acid by addition of ammonia. Surface
area, acidity, and catalytic activity have been used to characterize the catalyst. The
rate of addition of ammonia, final pH, washing of precipitate, temperature of heat-
treatment, and kind of aluminum salt were found to affect the nature of the resulting
catalyst. Aluminum phosphates obtained from nitrate and chloride (N- and C-Al-
phosphate) had higher total acid amounts and larger surface areas than aluminum
phosphate obtained from sulfate (S-Al-phosphate), but the latter showed higher catalytic
activity than the former. The former catalyzed the dehydration of n-butanol to form
ether rather than olefin, while the latter catalyzed selectively to form olefin. For the
former, the 1-butene content and the ratio of cis- to trans-2-butene were higher than
the equilibrium values; whereas for the latter, there was a clear trend toward a de-
crease in 1-butene and an increase in the 2-butene isomers as the conversion increased.

The effects of final pH and washing were remarkable for S-Al-phosphate.
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B AR RT DM, HERE oMLY, MUEERCT AR, BRERLICLTE
SLEMRBH B, WEETI D EHEER7 A 3 A 2 b ) YD 218 5 e ORI
HMEIEE L LZRTWEDR, V) vB7A s =y Al BT 2 ERED ThiL,
Kearby? (3ifb7 & 3 = v 2 & ) vBBORABKCIER S5 ERE, Wh7esks pH,
B OTEIEEN Y VT A = A0S XORMBEE T LTRSS L BE LT
L%, W, MRSl X OSBRI T 5 R OBRFIARTLES TH %,

FITABRTRT A = 2L ) YRROBREBWC 7 vE=7KEEMLTY YRR7
=y AR BT AR, RIEE, 743 =v AEOMME, TBSSHR pH, B OTE L,
BOLERE B 2SR O FE PR E (BRE, FATREE 96, HEWRD, Wik EIRMCK Lubied %)
RBERE b onwE L,
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2.1 YUBTILI=ILORERER y

) VB FREEEABOT A =7 A4 A VEESUDERERES, ZORABHRIC10%
7 vE=7kEHEpH CET5E Tx, AR LLUBE=%9T 5%, —HREt0EE 0°C
T 24 BEEE RS, FloXERERK, TAa—ATHEL, FLETCRBREK HETY
r—x TR L, EIE OB E DO FREE BALE LT,

ARBE R S X OV B &M OFEMITKR OB Y TH %,

A=l W7 =y A 9K, LT =7 A 6K, BT A =74
18 7k,

7 vE =7 KEMEE ; 0.1 m//min, 9 m//min,

Ve sE ks pH (LUT# 8 pH & 329); 5, 65, 7, 8, 9,

PEHALEE 5 KB OB AL AP 4 v, HEA A v, BB A v OuTh,
BIVOT7vE=YALFY, )V VB4 vRRDOLNIRL B ETHET S, kB{FAA D
B EEC Y T, TA2—AEE (A VTR —ARER) OBEFCIXY v 7 AV —Hh
Higea FV, 24 R BEE Lic,

oL B 150~700°C DRI ORET, 2254 C 3 RH#AE L1,

2.2 REHAE

EHBNE R BET #:Cfife - fo. I RBMERICHAR % 10~ mmHg Ll E, 250°C € 30 53

PK LTz,
2.3 EAE, BMREMNE
Ny MERERHWD T I VIHERIC X o THE L, MIEBIIEERY Ol h TH %,



WHEC X5 ) vBE7 v 3 =9 AEORB L 20D n-7 2 7 — VKRG EY 205

2.4 RIt&ESH
n-7" 2 7 — K ROS R E KWl B R C R % Fl W CHT e o e, RUBTREE 1R 270°C, KL
FE16~30 # v > 2 Ofifi A 0.5~8 ml v, GHSV % 150~20000 (hr—!) (NTP #:#E) 1= 2 4k,
T, EL, AMEORLD ) VBT LI = AOEEY T 2B E1I3, iy 6 ml
Ay, GHSV =367 (hr™!) ZFEH#aL L, RIGHHIAT 30 ], RIGE R WA KE T X kL
TOXT ERAL LI D L e THiI%E L, % IR, NMR CTHR L%, ¥ A7r<
b 757 CHH Lz,

3. BRLEE

3.1 UVBTZILI=ZOLDEREME
3.1 ZUEZTFKRAFMEEDHE
1R, »vEE BRECHTHIHENEEOHKELRLLLDTHS, ThHD
MREHRDE, BMEEZXTELRIPIVHRIB LSS, £ CUT, fxo7
G D BE FD 41243 0.1 ml/min OFEE AR L,
gl 7vE=7HRNEEORERE »v%E BECHTs2EE

Table 1. Effect of rate of addition of ammonia on surface
area, bulk density, and acid amount

Acid amount

Catalysta) Sl;rriz;ce d?rlxlslil:y (Hy=15) ‘ (Ho=—30) ‘ (Ho= —56)
(m?/g) (e/mi} (meq/m?) ‘ meq/ml‘ meq/m2 meq/ml) (meq/mz) (meq/ml)
N -7-400 ‘ 213 ! 0.22 3.90x10-3 i 0.18 | 3.62X10-3 0.17 ‘ 3.72Xx10-3 0.17
N*-7-400 \ 175 | 0.27 314 » 0.15 310 » {0051k 3.10 " 0.15
C -7-400 ‘ 202 0.30 496 7 }) 0.30 3.84 7 02811391 ' # 0.24
C*-7-400 ‘ 167 0.27 34T » i 0.16 8.28 -~» ‘ 0.15 317 ni 0.14

* NH,OH was added at 9 m//min

a): 400 shows temperature of heat-treatment

3L2 ZAZZVLEOBELHSURFLEBEORE

TAI=9AENROHELTY YBT3 =Y 2% 2L B5AE, MHTHEA 4 v oM
AT % EREAWEHCH LT L rOREY 5 2 5N S5, N1 ThEhbiigiE,
Ay, W E A, RSO X E, HH RS BEE 4 RE CHOUE Licy) vBERT A I =V
LD Hy=1.5 O (meq/g) /R Licb DTH 5, &4 pH, BLEIRE A I [[ Ul ok
2T 5L, REGHOHEWIEALH O RE Uil LIF C- LIEEET5) kb %<,
LIF, fMeME O FHE Lcilt (LUF N- LB8EET5), BBELOH B LG OIT S-&
LT %) DITHB, —FH, i LELEA, C, N-T3K, 7ra—rouThEHwT
LREHOLA X VR (mea/g) AT B2, S- CRRESHOBE I OWML, K2XXD
MR TH %, K2IHLKRER, »rHEE, BE (meq/m? meq/ml) Txt$57 4 3 =7 a8
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£ %\?o II 0:C5 @:C7 %:C9, a:CT-W
2 X X e . 2 $] 2 ’ > 2 > >
g AR 1 W A CFA
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and 2-PrOH.
£2 AlSoHHE, HoRER » v HE, BRECHT2HEE
Table 2. Effects of kind of Al salt and washing on surface
area, bulk density, and acid amount
Acid amount
Surface Bulk
Catalyst area density (Ho= 1:5) (Ho= —3.0) } (Ho= —56)
(m¥g) | (g/mf) | (mea/m?) (meq/ml) (meq/m?) (meq/ml) (meq/m?) (meq/m/)
S-9- 500 72 0.33 5.14Xx10-3 0.12 4.82X10-3 0.11 4.65%x10-3 0.11
S-9-W-500 33 0.21 1.42%10—2 0.10 248 »# 0.02 191 » 0.01
S-9-A-500 52 0.33 5.39x10-3 0.09 525 7 0.09 B22 B/ 0.09
N-7- 400 213 0.22 390 » 0.18 620 4 0.17 372 4 0.17
N-7-W-400 217 0.33 278 »# 0.20 276 7# 0.20 267 »# 0.19
N-7-A-400 343 0.21 160 » 0.12 1.56 » 0.11 1.5{4 ” 0.11
C-7- 400 202 0.30 496 »# 0.30 3.84 7 0.23 391 » 0.24
C-7-W-400 186 0.33 322 W, 0.20 3.03 » 0.19 290 »# 0.18
C-7-A-400 200 0.21 290 »# 0.12 284 » 0.12 280 0.12




WHBRC X DY)V VEET AL =Y ABEORM L 20 n-7 % 7 — ABKRIGTES: 207

DEERE, WHLUEOMEL R LD THB, N-T-W-400 L4t O fllt T3 8edc X h B4
MU v B EA R TAE A BDHbRS, S-9-W-500 T13 H,<15 Ofigh (meq/ml) 1'%
EDEL LD, HyS 30, Hy<—5.6 DR (meq/ml) (1AM T 5, = idksed
KX OVBBESH B ZT DL 2EBR TS, N-, C- 04, HEEEZER MRS
T ORI X DENE D 2, 12IFHELL 200mYg FikChHD, —F, S- CRESRC I M
KEBE2Z WAL L, Bt C, N- 0E45UTFThs,

BfE7 v 3 = abHBELTT A 3 F 2 BB T 5254, WA EEAK CREIE - T
LRI HEER A A v 23032 wt% BBAE L, 650°C ¥ TOMBMTILZ DG ENLTIL LD & &
DBOHEETHE, S-OHA, TH LTLHBA 4 v OBRFEIET ST, No, C- Lz,
RRAMEEZETHIDEELZ RS,

3.3.1 #& s pH OfE

M1ics\ T, MECHTS pH OFBERFT2E, N-, S- CRBAEEEC LT
PH7 THEEN RS 2\ 2%, C- TREAEREDS ey, ¥, HERBKIZ N-, C- 0%4
PH7 2R X h KEL BN THAT A, S- 0BAHNTHEEIEDLR, » +EEIT
—#ic pH7 23 b /h S v (KBE),

3.1.4 BRUBRBEOXE

BB X WA 4 vDT7 vE=y 2ERKBRIRTD, Yy ER—1 v, kLA
fTLichTsLEB2LHR%, M1 X N-, C- T3 200°C H5E, S- Tix 300°C {435 Cle &
(meq/g) 2k &7y, ThUEOREFRBE CRRED ERL LSBT S 25,

WAZRMEBLY 1o b b, HMAAR YU ) BE L BUERE O LR oh T T 5 HEEH
DN DA, BRIRE SR 5 BUERE 0¥ L8y (8E), %7, HEEE
C-65, N-7 08 5 BULEHE R E < 7o Th HE D E LI\ 23, S-9 04 500°C AL Tl
. (S-9-600 Cix 38 m¥/g) % (i),

3.2 n-7% J—LEKKIE

3.2.1 KIGHER

BAKRIGDRR, n-77 v LUF77 vEMETS) L vnTFr=—71 (UF=—
TAEMELT %) DVER Lic, £RMOEIG M X b, BT X BT 5, K2~5
CREGIZR L, S-9-500 T3l il ic BRI 7 7 v = —F L X D & T B DI
% LT C-7-400 TL34% il B D & = — T A R B R MICER L, L RdiconhCliEd
%, ¥, S-9-500 DA, BLERNKEL RBIONT 77 VRABIZFIEERD i3 23,
C-7-400 DEFX1-7 7 v[2-7 7 v = A b (A 1-/2- EWgEET %) Bk ¥ L e A HENAD D
ha,

ChHLORRERETHE, BARCISGT=-T1 X047 7 vEREBEBENCAERT i
BEL, HBMELROEVER C=—F A% 77 v X D%  ART Bl X 0 iEM: (5 — i
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Table 3. Effects of kind of Al salt, washing, and rate of addition of
ammonia on catalytic activity and selectivity

ptitidy Yield(n(:élp%)(;ducts Distribution(rgf)lb%t)ene isomers Raytio
Catalyst sion 1- to | cis- to
ol % Ether Butene 1- ‘ trans- | cis- 2- ‘ trans-
S5-9- 500 100.0 0 100.0 221 47.8 ’ 30.1 0.28 ‘ 0.63
S-9- W-500 124 3.6 5.2 56.0 194 | 246 | 1.27 1:27
S-9- A-500  100.0 0 100.0 22.1 497 | 282 028 | 057
N-7- 400 41.2 10.1 21.0 62.6 17.9 ‘ 19.5 167 . | 1.09
N*-7- 400 | 34.2 93 .|..156 83.7 62 | 101 | 513 | 163
N-7- W-400 46.2 124 214 34.8 35.0 " | 302 | 0.53 “ 0.86
N-7- A-400 28.9 10.7 s 33.7 33.9 324 051 | 0.96
C-7- 400 44.8 15.8 132 791 8.1 12.8 3.78 1.58
C*-7- 400 ‘ 356.3 11.0 13.3 37.1 319 30.7 0.60 0.96
C-7- W-400 40.2 9.4 214 64.4 18.8 16.8 1.81 0.89
C-7- A-400 25.9 ‘ 8.5 8.9 | 33.0 % 39.0 28.0 0.49 0.72
Equlhbrlum value®) ‘ 17 ’ 50 1 33 L 020 { 0.66

* NH4OH was added at 9 m//min
a): Ref. 6)

3.2.2 PUEZTKFAMEEDRE

% 3 1c B\ T N-7-400 & N*-7-400, C-7-400 & C*-7-400 & iz L, VRINEE ORhH%
Bt 5, EHEBEINEEI NG EEL b d, ERER=—T AR 7T v X ) LEED
AL, 77 vREFHBICRT B 1-/2-, cis-2-/trans-2- D3FHEHAB L D REVARCEWT
BERLCEBZLRS,

3.23 IV LEOEEHELUVRRLEDORCE

# 3 » N-7-400, C-7-400, S-9-500 % 3 %, 1tk 1% S-9-500>C-7-400>N-7-400
DIATH%H, N-7-400 & C-7-400 DF R EFFHLL LT 523, S-9-500 iz hb &5,
Flebbn, N-7-400, C-7-400 T34 FRHBA IG5 FHBKRIG X b EEMCEZ 2D
XL, S-9-500 T FABRKRIGOZNERZ D, il —FDO 77 vHEBUTIEFHHERK T
BBHBEED L TIRIEFERRTSH B,

KIC N-7, C-7, S-9 0% 7 v — 7N OME OGN, BIRMELXHE L, RS ELRE L
Vo S-TRT7 A — A EE LTHRESR LR CRERE S 2 505, KEET 5 EimEMAR D, &
RS ZENT D, N-, C- TRAERIC L VERRIE VB LIV T 2 AT H L
WD, BIREERBE, =—TAETT VvOEFIHE VB LW, 77 VBT
WX T %, S-9-500 & S-9-A-500 DiFE HR X OERMENIZIER CTH D Z LIXGBT v
EFE=VANZR ) —ARCHMBETHH IO, A+ vHEINEFOEHDT L 2 — AR
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THBEMEINZ VDT V2 =L EHOHRITGEAERL, REBLEDLLRRWT LR
AT EELOND, TOZ LT FE2EBWT, S-9-500 & S-9-A-500 © » +HE, HAL
KRS VR, HEARUL IVBEN IS TWE LR - TEMTONS,

3.2.4 #HEpHDOTE

N-, C- ® 7 A — 7 OffiE DB 4, ik, SIRMCHT 587 pH I RT@RH bRy
n, S- 7 — 7 oflEoSE, pH Ak EL B oh TiEtkESH L, 5 FRIBKX D 0T
MK IGDEFIC s b, 4K 77 VIO S B 258D b i,

3.2.5 BURBBEORE

FARBWT, HE, EIRECT 5 BUERE ORBRYHRNT 5 &, —RICAUERE
NE L B oNER IR T 52, S-9 & C-65, N-7 & 0:E RN EIIT5 X 5 el
RBobhd, ERECHTHHEINIIVWEEZLLRS,

R4 HOERE O MBS, BRECHT 218

Table 4. Effect of temperature of heat-treatment on catalytic
activity and selectivity

} Yield of products [Distribution of butene isomers| Ratio
Catalyst C(;ril(‘),:r- hmaol %) T (mol.2%) l‘ 1- to l cis- to
B | (mol %) Ether jftene 1- ‘ trans- ‘ ,-fis- ‘ 2- ‘ Lirans-
S-9- 300 100.0 0 100.0 29.9 39.0 311 0.43 0.80
S-9- 500 100.0 0 100.0 221 47.8 30.1 0.28 0.63
S-9- 600 100.0 0 100.0 27.2 43.0 29.8 0.37 0.69
N-7- 300 44.7 2.3 20.1 62.6 17.2 20.2 1.67 1.17
N-7- 400 41.2 10.1 210 62.6 17.9 195 1.67 1.09
C-6.5-300 47.6 13.0 21.6 54.0 20.2 25.8 1.17 1.28
C-6.5-400 48.1 15.5 171 742 8.2 17.6 2.88 2.14
C-6.5-600 39.6 12.7 14.2 525 19.9 27.6 1.10 1.39
Equilibrium value®) ‘ 17 | 50 ‘ 33 1 020 | 066
a): Ref. 6)

3.3 REME, & BRESHMEREIOBR

) VEET A3 = AR OB LM T W T A ERE M E A A5 L, Ttk X ONER
Peic EA T EEY 52 O TR A TR T 5, —RBCibBE cly BT 554, T
AR X OKARELS LTS EoRWX 57 e v ZRUEEBEFES L 5CL, Lnd XL
DOBEH A, Kk, BIORENALICL {1, TOLMEERELID X5 FE LS VWK
SBREINRTRALTRLAZENTELRFARVIOCTEIRET S, LEhTwa,
WBHETY YT A 3 = v 2k RET 5546, WBECHEE G5 & pH 3 (1 T4
RDNERE LT kT 50 WBEE VS &4 LR LI 3 bh b, o X5 ikl
oI, NRET7 vE=7KEMEE, #& pH OEEZIT, 743 =Y 20O
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ARARIFT B,

T vE=TKERACEMNT B EREROKE, HEOBWEAEBSh B, Zhut
WA IR 2z B & MAILBRL T2V E T, BB TFOHARABLREY bt E2 5
hs,

ER LIctkB®, ARHPICEA & vHARD LR 8B ETRET S & ABARE L -
A, ZHEIBHSHIE LTBIVWTWS 1 4 v EColEIh, WWBO—B3ARBT 570 L2
zbhd, Linl, N-, C- Tk X Y REKY B E b BT, BHLBETRETHD,
7T ARG E TR B ZTHBETH B, K, S- CIRAB L hREE, EHEARL L,
77, ==TADER, 77 VERBKIBCET S, RSB, B0 OBE Tl
DHEEDRIE S TR B, Bk + v EE R E Y Bt L2 RET 5,

N-, C-Ti7 42 — AP & D BALAR Y7 D BESM D, WEEAEAT 52, S-©
XHE W HBEZT I,

B pH BRAEREB D 7 = » 78, BENCBIRT 2120 Chel, 74 3 = 2l BT
BREAAVYRY VBT A =Y AREARYCERYET A BETS, T, pHMT7 &
DREL, TYyE=Y 24 * VRRGECHFETIE BA 4+ V2T vE=v 2 EOWCHEET
20, PHRTUFTT7 vE=9 24+ VTR ROHE, BRCHEETHRAF VITFDEE
THET DML H B, N-, C- 04, LiEMIE pH 65 L TRk L 752, MR (meq/
m? meq/ml) 13 % pH BRI H AP e <, WEME, BRI T2 R E L e, L
2L, S- Of pH AT ic o THER, -BE (mea/ml) 381, WEH:L BT 5,

TYE=Y A F VYRESTFET DO, BROBECRA & 37 ve=v st
h, BDEIGRERE 25 L0, A% AR VBREIhZEELBRS, FoT, 7vE
=9 AR VRT3 =Y AOMWTREE, E, SR BB SR BB, T v
T =V AMEAERD I B I CTEULEE Lot & Fh X 0 B EE CEVLEE Uil a g B
LD, TOHREMBIENTESD, HiL7 v &= 4133378°C CHEL, W7 v
T =7 A3 220°C CHMEL, BREET v E =Y £12490°C TERTHDOT, EL4Lk\T, C-
6.5-300 & C-6.5-400, S-9-300 & S-9-500 # [z % &, M, BIRKEIC HE D ERNEDD
g, LiehisT, 7vE=v ol LTRELTCLMEFERACE LWESr 52t L 2
2bhn, e, —BRCBAEEENEL KB o THE (meq/ml), EMHH, HEHKD
TH58, chikvvs—9) v I7EBRTZLDTHA S,

ULZads s, HRBEERENE LICSEHBA & VW5 0% LT 5B RE
AR L, X O— BRI HAL A 2> & 18 7o R O RER & (358 - 7o B Ao BE VS A T B el
ZP L, BRI APHIZL Y, 14 vOEENHEVIRT vE =Y AEOHWCRET S, *
LK X bRl icE B S hic b, pH<7 CRIBEMA + v ib Bicdicy v & —) v 7
DMEHEZ D 7o ) LCIEMER B LB Sh 3,
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