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CLAIMS: 

1. A method of making acrylic acid, acrylic acid derivatives, or mixtures thereof 

comprising contacting the following compositions under conditions including a water 

partial pressure and a temperature: 

a gas mixture comprising: 

a) hydroxypropionic acid, hydroxypropionic acid derivatives, or mixtures thereof; 

and 

b) water vapor; with 

a dehydration catalyst consisting essentially of one or more amorphous phosphate 

salts, one or more crystalline phosphate salts, and one or more non-phosphate salts; 

wherein said one or more crystalline phosphate salts and said one or more non-

phosphate salts are substantially chemically inert to said one or more amorphous 

phosphate salts; 

wherein said one or more amorphous phosphate salts consist essentially of: 

i) one or more monovalent cations, and 

ii) one or more phosphate anions selected from the group represented by empirical 

formula (I): 

[1-12(1.-x) P°(4-x)!J 	 (I); 

wherein x is any real number equal to or greater than 0 and equal to or less than 1; 

wherein said one or more amorphous phosphate salts are neutrally charged; 

or any hydrated form of said one or more amorphous phosphate salts, and mixtures 

thereof; 

wherein said one or more crystalline phosphate salts consist essentially of: 

i) one or more polyvalent cations, and 

ii) one or more phosphate anions selected from the group represented by molecular 

formula (II): 

[11(f- -b) PE'°(4f- g) 
](2f-l-h)- 

wherein f is a positive integer; wherein g is a positive integer or zero; wherein h is 

an integer; wherein (f-2g-h) is equal to or greater than zero; wherein (4f-g) is greater 

than zero; wherein (2f+h) is greater than zero; wherein (4h/f) is equal to or greater 
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than -2 and equal to or less than 1; wherein said one or more crystalline phosphate 

salts are neutrally charged; 

or any hydrated form of said one or more crystalline phosphate salts, and mixtures 

thereof; 

wherein said one or more non-phosphate salts consist essentially of: 

i) one or more polyvalent cations, and 

ii) one or more non-phosphate anions selected from the group represented by 

molecular formulae (III) and (IV): 

[H (a- 2b) SG o(4 -b)11 

[T azd  0(  Sd4  e) 

wherein a and b are positive integers or zero; wherein c, d, and e are positive 

integers; wherein (a-2b) is equal to or greater than zero; wherein (2c-a) is greater than 

zero; wherein said one or more non-phosphate salts are neutrally charged; 

or any hydrated form of said one or more non-phosphate salts, and mixtures thereof; 

whereby said acrylic acid, acrylic acid derivatives, or mixtures thereof is produced as 

a result of said water vapor and said hydroxypropionic acid, hydroxypropionic acid 

derivatives, or mixtures thereof being contacted with said dehydration catalyst. 

2. The method of claim 1, wherein said one or more monovalent cations are selected 

from the group consisting of IC', Rb+, Cs+, and mixtures thereof 

3. The method of claim 1 or 2, wherein at least one of said one or more amorphous 

phosphate salts consists of two or more different monovalent cations selected from the 

group consisting of ICE, In+, and Cs+. 

4. The method of any one of claims 1 to 3, wherein the water partial pressure during said 

contacting step in said gas mixture is equal to or greater than about 0.8 bar; and 

wherein said contacting step is performed at a temperature equal to or greater than 

about 250 °C. 

5. The method of any one of claims 1 to 4, wherein said one or more amorphous 

phosphate salts are selected from the group represented by empirical formula (Ia): 

4a-a 
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11-1 2(1_30 P0(4_3(11 	 (la); 

wherein M' is a monovalent cation; wherein x is any real number equal to or greater 

than 0 and equal to or less than 1; 

or any hydrated form of said one or more amorphous phosphate salts, and mixtures 

thereof. 

6. The method of claim 5, wherein said one or more amorphous phosphate salts are 

selected from the group consisting of K112(1_20  PO( 4_ 20, R.bH 	,PO,(, , 

CS H2  (i_zo PO(4_  x),  any of their hydrated forms, and mixtures thereof; wherein x is any 

real number equal to or greater than 0 and equal to or less than 1. 

7. The dehydration catalyst of claim 6, wherein said one or more amorphous phosphate 

salts is Kiia(1_,0P0(4_,0; wherein x is any real number equal to or greater than 0 and 

equal to or less than 1. 

8. The method of any one of claims 1 to 4, wherein said one or more amorphous 

phosphate salts are selected from the group represented by empirical formula (Ib): 

M,LN 	y,.  H ( i_., P 10( 	, 	(Ib); 

wherein M' and N I  are essentially two different monovalent cations; wherein x is any 

real number equal to or greater than 0 and equal to or less than 1; wherein w is any 

real number greater than 0 and less than 1; 

or any hydrated form of said one or more amorphous phosphate salts, and mixtures 

thereof. 

9. The method of claim 8, wherein said one or more amorphous phosphate salts are 

selected 	from 	the 	group 	consisting 	of 	Kw  Rb (1_,),1-12(1_,c)  P0(4_.)  , 

Kw  Cs ( 	H 2(1_3c) 12'(4-x}, 	 2(1_ )  F0(4_, any of their hydrated forms, 

and mixtures thereof; wherein x is any real number equal to or greater than 0 and 

equal to or less than 1; wherein w is any real number greater than 0 and less than 1. 
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10. The method of any one of claims 1 to 9, wherein said one or more polyvalent cations 

of said one or more crystalline phosphate salts and wherein said one or more 

polyvalent cations of said one or more non-phosphate salts are selected from the group 

consisting of the cations of the metals Be, Mg, Ca, Sr, Ba, Sc, Y, Ti, Zr, Hf, V, Nb, 

Ta, Cr, Mo, W, Mn, Re, Al, Ga, In, Tl, Si, Ge, Sn, Pb, Sb, Bi, La, Ce, Pr, Nd, Sm, Eu, 

Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, and mixtures thereof. 

11. The method of claim 10, wherein said one or more polyvalent cations of said one or 

more crystalline phosphate salts and wherein said one or more polyvalent cations of 

said one or more non-phosphate salts are selected from the group consisting of the 

cations of the metals Mg, Ca, Sr, Ba, Y, Mn, Al, Er, and mixtures thereof. 

12. The method of any one of claims 1 to 11, wherein said one or more polyvalent cations 

of said one or more crystalline phosphate salts and wherein said one or more 

polyvalent cations of said one or more non-phosphate salts are Ba2+. 

13. The method of any one of claims 1 to 12, wherein said one or more phosphate anions 

of said one or more crystalline phosphate salts are selected from the group represented 

by molecular formulae (Ha) to (IIg), and mixtures thereof: 

[HPO4]2- 	 (Ha) 

[P207]4- 	 (IIb) 

[P3010]5 	 (IIc) 

[P4013]6- 	 (Hd) 

[HP207]3 	 (He) 

[HPO4]2-  • [H2PO4]- 

[P207]4  • [H2PO4] 	(Hg). 

14. The method of claim 13, wherein said one or more phosphate anions of said one or 

more crystalline phosphate salts are selected from the group represented by molecular 

formulae (IIa), (IIb), and mixtures thereof: 

[HPO4]2- 	 (Ha) 

[P207]4- 	 (IIb). 
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15. The method of claim 14, wherein said one or more crystalline phosphate salts are 

selected from the group consisting of MgHPO4, CaHPO4, SrHPO4, BaHPO4, 

Mg2P2O7, Ca2P2O7, Sr2P2O7, Ba2P2O7, YKP2O7, Mn2P2O7, MnKP2O7, AlKP207, 

ErKP2O7, Ca3P4O13, Sr3P4O13, Ba3P4O13, any of their hydrated forms, and mixtures 

thereof. 


