Catalysis Letters ol. 73, No. 2-4, 2001 221

Effects of ammonium salts as additives in RhsfPQ catalytic
system on hydroformylation of mixed octenes
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The effects of ammonium salts as the additives in the [RR@BIO)],—PhgPO catalytic system on the hydroformylation of
mixed octenes have been studied. The yield of isononyl aldehydes increased when an ammonium salt suglgl®{8b}-4H,0,
(NH4)2Cro07, (NH4)2CrO4 or (NHg)sHs[H2(WO4)e]-H2O was added to [Rh(CECOO)],—PhgPO-catalyzed hydroformylation of
mixed octenes. The loss of rhodium in the distillation process for separating the products and the catalyst was reduced and the con-
centration of Rh in the distillate decreased from 0.115 to 0.057 ppm, when an ammonium salt suchyB(QHwas added into
[Rh(CH3COO)],—PhsPO-catalyzed hydroformylation. The stretching vibration (2040° E)mf the Rh—H bond of the active species was
observed in the spectra ofsitu IR. The investigation oin situ IR showed that the peak intensity of Rh—H vibration increased and the tem-
perature range at which the Rh—H vibration peak could be observed in IR was widened whggN\idi24-4H,0 was used as additive
in the system [Rh(CEICOO)],—Ph;PO.
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1. Introduction PhsPO modified with the ammonium salts has been shown
to be an effective system for the hydroformylation of mixed

Hydroformylation of olefins is an important reaction inoctenes and stable in the distillation process. idsitu IR

petrochemical industry and fine chemical industry. Rhodiustudy was also performed in order to clarify the role of the

complexes have been successfully used as the catalysts. d&fmonium salts in the catalytic system.

the hydroformylation of lower olefins, phosphines have been

usually used as ligands [1]. However, Rh—phosphine cat-

alytic systems have shown lower activity for the hydro2- Experimental

formylation of higher olefins, especially for the branched o . .
and inner olefins [2]. The hydroformylation of mixed Mixed octenes containing 15-20%mfctenes, 50-60%

octenes from the dimerization ofs@lefins can produce Of Methyl heptenes and 20-30% of dimethyl hexenes were
valuable isononyl aldehydes. However, it is most impoRPtained from the dimerization ofQaffinate-Il. Rh pre-
tant to develop an effective catalytic system for the hyursors [Rn(CHCOO)] and PRPO ligand were purchased
droformylation of mixed octenes. Of late years, a Iof©oM Acros Organics Company of Belgium. Other reagents
of research works about the hydroformylation of highe#ere purchased from Beijing Chemical Reagent Company.
olefins have been done [3]. The RhsP catalytic sys- . The hydroformylaﬂon; of mixed octenes were carried out
tem showed better catalytic performances than the R[f-@ 100 ml (or 300 mi) high-temperature, high-pressure au-
PhsP system for the hydroformylation of mixed octenes [4]tp_clave. The normal reaction conditions were as follows:
However, the stability of the Rh—BRO catalytic system mixed octenes 30 ml, Rh/octenes 128 ppm, P/Rh= 46

was not quite ideal owing to the too weak electron dondftom ratio), CO/H = 1, T = 140°C, P = 8.0 MPa,

properties of P§PO. Therefore, the improvement of catfeaction time= 150 min. The reaction mixture was ana-

alytic performances and the suitable stability for the cal2€d Py gas chromatography (HP 4890D, capillary column

. - 10°C rmin—1-
alytic system are still very urgent. Recently, we have be -5 30 mx 0.25 mm; 50-286C; 10°C min™; FID detec-

studying the hydroformylation of mixed octenes for det_or). The separation of catalyst from the products was carried

veloping an effective catalytic system. In this work waut in a vacuum distillation apparatus. The concentration of

have studied the effects of some inorganic ammonium sal dium in the distillate (aldehydes) was measured using the

such as (NH)gM0704-4H20, (NH)2Cr207, (NH4)2CrO, I P-ma}ss method (IRIS Advantage model).

and (NHy)sHs[H2(WO4)s]-H20, etc. as additives in the Thein stg IR measurements of catalytic syste_ms were

[Rh(CHsCOO)Y]—PhsPO system on the catalytic perfor_performed_wnh a PE 2000 IR spectrometer. The mixed paste

mances and on the reduction of Rh loss in the distillatio thg rhod.lu&n pre?Lthrlspr, I%R(I)Randlll—_?ﬁtenel?/vas spreadg)n

process for separating the products and the catalyst. © akz window of thein situ IR cell. The ce \as purge
with N2 gas at the normal pressure, then pressurized by syn-

* To whom correspondence should be addressed. gas (CO/H = 1/1) up to 2.0 MPa at room temperature and
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heated to the desired temperature to start recording theifRthe anions of the ammonium salts, it could be supposed
spectra. that those anions containing transition metals with high ox-
idation state played the role of modifying the catalytic per-

) . formance of the [Rh(CECOO)]>—PhPO system through
3. Resultsand discussion affecting the status of electron surrounding rhodium. Exper-
imental results showed that inorganic ammonium salts such
as (NH;)gM07024-4H20, (NH4)2Cr207, (NH4)2CrO4 and
(NH4)sHs[H2(WO4)6]-H20 were better additives for the hy-

For the hydroformylation of mixed octenes catalyzed bgroformylation of mixed octenes.

the [Rh(CHCOO)],—PhsPO system, we have investigated The effect of added amount of the ammonium salt
the influences of the reaction conditions on the activity al@NH4)sM07024-4H,0) on the hydroformylation of mixed
selectivity, and a suitable reaction temperature (IZ)0has octenes has also been examined. The results are shown in
been adopted [5]. Therefore, (N}dM07024-4H,0, (NH;), table 2. It can be seen that the effect of added amount
Crp07, (NH4)2CrO4 and (NHy)sHs[H2(W0O4)e]-H20 were  of (NH4)eM07024-4H20 on the yield of isononyl alde-
also examined as additives in the [Rh(§300)],—PhPO hydes was not obvious at the examined range of N/Rh
catalytic system in the hydroformylation of mixed octenegtom ratio from 1 to 28. Even when a small amount of
at 140°C. Table 1 lists the results about the catalytic activiNH4)sM07024-4H,0 (N/Rh = 1/1) was added into the re-
ties of [Rh(CHCOO)],—PhsPO modified by these ammo-action system, a positive effect of the additive on the for-
nium salts. The results showed that these ammonium sattation of isononyl aldehydes could be observed (table 2,
with large anions containing transition metals with high vaNo. 2).
lence as the additives could improve the performances of
the catalytic system. The [Rh(GBOO)]>—PhPO system 3.2. Effect of ammoniumsalts on Rh loss in the distillation
modified with the ammonium salts was favorable for the for- process
mation of isononyl aldehydes. In order to evaluate the role
of the NI—E{ cation, ammonium acetate (GEIOONH;) was Rh concentration in the distillate is the measure for valu-
tested as an additive in the [Rh(@EIOO)]>—PhPO sys- ing the loss extent of Rh in the distillation process. Two
tem and it did not show a positive effect on the catalytisteps are required for obtaining isononyl aldehydes from
activity and the formation of isononyl aldehydes (table Inixed octenes. The first step is the hydroformylation of
No. 6). From this result and considering the high oxidanixed octenes and the second one is the separation of the
tion state of the transition metals (Cr, Mo and W) involvetarget product (isononyl aldehydes) from the reaction mix-

Table 1
Effect of ammonium salts as additives on hydroformylation of mixed oct&nes.

3.1. Effects of ammonium salts as additives on
hydroformylation of mixed octenes

No. Additive Amount of ammonium salt Yield of isononyl TOF
(N/Rh, atom ratio) aldehydes (%) (nTiﬁ)

1 None 0 55.5 27.2
2 (NH4)6MO7024~4H20 7 63.0 31.9
3 (NHg)2Cr07 7 62.3 31.6
4 (NHz)2CrO4 7 59.3 30.2
5 [(NH4)sH5(H2(WO4)6)-H2O 7 60.2 30.1
6 CH3COONH, 7 494 25.3

aCatalyst [Rh(CHCOO)]-PhgPO, P/Rh= 46 (atom ratio), Rh/octenes: 128 ppm, mixed octenes:
30 ml, T = 140°C, CO/H, = 1/1, P = 8.0 MPa, reaction time= 150 min.
b Turnover frequency, defined as moles octenes converted per mole Rh per minute.

Table 2
Effect of additive amount of (Ni)gMo7024-4H,0 on performances of [Rh(GHCO0)]-PhsPO2
No. Additive Amount of ammonium salt Yield of isononyl TOF
(N/Rh, atom ratio) aldehydes (%) (nTiﬁ)
1 None 0 55.5 27.2
2 (NH2)M07024-4H20 1 62.8 31.8
3 (NH4)gM07024-4H,0 7 63.0 31.9
4 (NHg)gM07024-4H,0 14 63.7 32.2
5 (NH4)gM07024-4H,0 20 63.0 32.3
6 (NHz)6M07024-4H,0 28 62.2 31.6

aCatalyst [Rh(CHCOO),]-PhsPO, P/Rh= 46 (atom ratio), Rh/octenes: 128 ppm, mixed octenes:
30 ml, T = 140°C, CO/H, = 1/1, P = 8.0 MPa, reaction time= 150 min.
b Turnover frequency, defined as moles octenes converted per mole Rh per minute.
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Table 3

Effect of ammonium salts on Rh loss in distillation procgss. ggog
Additive Yield of isononyl Rh concentration in distillate o
aldehydes (%) (ppm) 100°C
(NHg4)2CrOq4 81.8 0.057
(NH4)gM07024-4H,0 84.2 0.061 105°C
None 78.6 0.115 T%

110°C

aCatalyst [Rh(CHCOO)]-PhsPO, P/Rh= 47 (atom ratio), amount of
ammonium salt N/Rh= 7/1, Rh/octenes= 13.8 ppm, mixed octenes:
100 ml,T = 140°C, CO/H, = 1/1, P = 17.0 MPa. Distillation condi-
tions: vacuum= 2—-3 mm Hg, bottom temperatuee 120°C.

115°C
120°C

ture which contains isononyl aldehydes, unreacted olefins,

a few other by-products and the catalyst. Rh loss in the dis-

tillate comes from the distillation process. Itis clear that the 2040

Rh concentration in the distillate is closely connected with

the loss of the Rh and could be decided by the stability of 2240 2200 2160 2120 2080 2040 2000

Rh complex in the system. Therefore, the Rh concentration ,

in the distillate under the constant distillation conditions is Wave number (cm™)

one of the important target parameters like yield of ISonomy ., 4, avea specta of [RN(CHEOORT2-P1LPO n ycro-

ta ehydes for the development of an eirective catalylc sys- formylation of 1-octene. P/Rk: 5, pressure= 2.0 MPa.

em.

The experiments have proved that ammonium salt addi- 2040

tives influenced not only the yield of isononyl aldehydes but /\ 80°C

also the Rh concentration in the distillate [6]. The effect

of the additives ((NH)sM07024:4H20, (NH4)2CrO4) on Rh 90°C

concentration in the distillate is shown in table 3. It can be /\

seen from table 3 that in the case with ammonium salts agq, 100°C
110°C

(NH4)6M07024-4H20 and (NH;)2CrOy, etc., are considered

to be good additives for the modification of the RhsP® 120°C

system. /’/

3.3. Role of ammonium salts as additives N 130°C

additives, the Rh concentration in the distillate decreased
obviously, i.e., the addition of ammonium salts could re-
duce the loss of Rh in the distillation process. Therefore,

¢

As mentioned above, the addition of ammonium salts
to the [Rh(CHCOO)]>—PhPO catalytic system could in-
crease the yield of isononyl aldehydes in the hydroformyla-
tion of mixed octenes and also decrease Rh loss in the distil- Wave number (cm™)
lation process of the products. In order to reveal the role of
the ammonium salts as additives in the hydroformylatiofigure 2. In stu infrared spectra of [Rh(C5COO)]>-PPO-
in situ IR measurements of the [Rh(GBOO)],—PhPO (NH4)gM07024:4H,0 in hydroformylation of 1-octene. N/P/Rh=

2.5/2.5/1, pressure: 2.0 MPa.
and [Rh(CHCOOY]>—PhPO—(NH;)sM07024-4H20 sys-
tems in the hydroformylation of 1-octene have been carried
out. Figures 1 and 2 show tiesitu IR spectra for these two about 2120 and 2175 cm in the spectra of figures 1 and 2
catalytic systems. were the contribution of gas phase CO absorption due to the

For the hydroformylation of olefins catalyzed by Rhhigh pressure of syngas in the IR cell.
based complex catalytic systems, it has been consideredt can be seen from the figures that the appearance and
that the catalytic active species should be HRh(GD), disappearance of the Rh—H bond (at about 2040%cin
(x +y = 3 or 4, L= phosphine ligands) in the reaction systhe spectra) were related with the temperatures. In the case
tem in the presence of phosphine ligands [7-9]. In IR specwathe [Rh(CHCOO)],—PhPO system, no signal was de-
of Rh—P complexes, the peak at about 2040 tritributed tected up to 85C in the range of 2000-2100 crth A weak
to the Rh—H stretching vibration is one of the signs of cagbsorption at 2040 crit was observed when the temper-
alytic active species [9,10]. From the IR spectra of figuresdture reached 98 (figure 1). This absorption reached its
and 2, the vibration frequency (2040 ch) of the Rh—H maximum intensity at 119C and then decreased with the
bond of the active species was observed. The broad peakteatperature, and finally, disappeared in the spectra when

2240 2200 2160 2120 2080 2040 2000
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Table 4
Temperature range of Rh—H vibration peak appearance and disappearansiéuiiR.
Catalytic system T2 TP TR
(°C) Q) (°C)
[Rh(CHzCOOY],—PhPH ~ 95 ~ 115 95-115
[Rh(CH;COO)]»—PhsPO—(NH;)gM07024-4H,0F ~ 85 above 130 85-130

aT, appearance temperature of Rh—H vibration peak.

b T4 disappearance temperature of Rh—H vibration peak.
C TR existent temperature range of Rh—H vibration.
dp/Rh=5 (atom ratio),P = 2.0 MPa.

eN/P/Rh= 2.5/2.5/1,P = 2.0 MPa.

the temperature was over 120. In contrast, in the case of4. Conclusions

the [Rh(CHCOO)]—PhPO—(NH;)M07024-4H20 sys-

tem, the absorption at 2040 cthwas observed clearly at  Inorganicammonium salts such as (jkMo7024-4H,0,

90°C, reached maximum in intensity at 190 and still (NH4)2Cr207, (NH4)2CrO4 and (NH;)sHs[H2 WO4]6-H20

could be detected even at 13D (figure 2). Table 4 lists the @S the additives in [Rh(C¥COOR]>-PRPO catalytic sys-

difference in the temperature of Rh—H vibration peak ap€™M can increase the yield of isononyl aldehydes in the hy-
pearance and disappearance in itheitu IR for these two droformylation of mixed octenes and also can decrease the

. ) Io§s of Rh in the distillation process of the products. The
catalytic systems. Itis clear that the temperature rangec%ncentration of Rh in the distillate decreased from 0.115 to
which the Rh—H vibration peak could be observed in IR f .

%¥.057 ppm. The catalytic system (Rh eEDOY),—PhPO
the catalytic system with the ammonium salt was wider themo difigg with amm on>i/ulm syalt (N JézM(CW 024'32&220 E fa-

_that fqr the system without the ammonil_Jm salt. Th_e pe%rable for the formation and stable existence of catalytic
intensity of Rh—H vibration for the catalytic system with thg,.jye species. The ammonium salts, mentioned above, are
ammonium salt was stronger than that for the system withqyloq additives for improvement of the properties of the

the ammonium salt. It is usually considered that the stabfirh(CH;COO),),—PhPO system used in the hydroformy-
ity of the Rh active species is related with the temperaturgion of mixed octenes.

and syngas pressure. Lower temperatures are required in or-
der to stabilize the catalytic species at relatively lower pres-
sures. It should be noticed that the pressure of syngas viggknowledgement

relatively low (2.0 MPa) in the present measuremeninof , , i
situIR. We acknowledge the financial support for this research

The results from IR indicate that the catalytic activ?ind development from Hyundai Petrochemical CO., Ltd.,

species formedn situ in the hydroformylation for the orea.

[Rh—(CH;COO)]2—PhPO—(NH;)sM07024-4H,O  system

existed in a wider temperature range than for th®eferences

[Rh(CH3COO)],—PhgPO system. In other words, the ad-

dition of (NH4)sM07024-4H>0 to the Rh—P§PO catalytic  [1] B. Comils, Hydrocarbon Process. 54 (1975) 83.

system increased the stability of catalytic active species. ] E%;?;Z't ;deEggt;hge;n(' 122’;' f;lsj Dev. 8 (1969) 214.

think that the transition metals (Cr, Mo and W) with high™ 5 b Armancet etal.. Nature (1989) 339,

oxidation state contained in the anions of the ammoniura] K. Sato et al., Nippon Kagaku Kaishi 8 (1994) 681.

salts play the role of modifying the catalytic performance of®l \1(-4'-5656)“292’;_3- Liu, T. Wang, J. Liu and Q. Zhu, Chin. J. Mol. Catal.
the [Rh(CH;COO)Z]Z_PhSPQ SyStem through _aﬁeCtm_g the D. He, Y. Liu, T Wang and J. Liu, inProc. of the 2th Asia-Pacific
status of electron surrounding rhodium. The interaction be-  congr. on Catalysis, E6, Sydney, Australia, January 2000.

tween the transition metals with high oxidation state with the6] D. Yoon et al., Korea Pattent 10-2000-0030312 (2000).

center metal (rhodium) of the complex may cause the chand8 g-lsivansv J.A. Osborn and G. Wilkinson, J. Chem. Soc. A (1968)
of the electroq prgpertles of Rh, and flnally,. lead to t.he fa—[s] W.E. Walker et al., Inorg. Chem. 20 (1981) 249,

vorable coordination between Rh andsPl ligand which  [9] G. wilkinson et al., J. Chem. Soc. A (1970) 1392.

is a weak electron donor. [10] G. Wilkinson et al., J. Chem. Soc. A (1969) 2660.



