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K2Cr,07~CrO3—KNO3z-HNO3s-H,0
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Fig.3 Schematic diagram of four-step cycle method for jointly producing CrO; and HNO;



6 579

3 1/2K.Cr,0, 1/2H,Cr,0,
100 — - E:P
3.1 ~ | . o
4 Q % 80 | 4
+ L
Q KNO3;-HNO; o 60F
Eo Q KNOs-K,Cr,07 S 4l TN
FQ . O: FQ’— - \\*\:Q\\ N _ il F
— 3 < P
1 mol. EoQ Fo-KNO; g 0~
S [
EoQ 1/2 Cr,0% S T N4 o
. 0 20 40  ES60 80 100
Eqo-HNO; K . KNO, R HNO,
00T UTHTHTKN
4
Fig.4 Diagram for analyzing use ratio of Cr
Uc = Moy cio0, / MRk ,cro, - and K in technological process
K5Cr,0Oy
1 mol 1/2 HzCrZO7(CI’03) KNO;
Ug = nM.KNO:/nM‘K :
K+, H+, Cr20727 NO;~ K5Cr,07, KNO3, HNOg
KNO; K* 1/2 Cr.0

U =M “Msaonor )M =1 Mgz /M =1~ EQ/ By ~HNO, =1-KNO, ~ §, /KNO, ~HNO, = §, ~1/2K 01,0, /KNO, V2K 01,0,

U

K~ anKNos/nRvHZKzCrzov - nMv]JZHszzO7/nM,JJZCrZO§’ - (nM,JJZCrZO% Mk )/nM,JJZCrZO$’ =1- Nk /nM,JJZCrzo§’ -

1- PF,/HNO, - F, =1- S, —~1/2H,Cr,0,/HNO, - 1/2H,Cr,0, = /2K ,Cr,0, - S,/1/2K ,Cr,0, - 1/2H,Cr,0, .

4 Q HNOs-1/2K,Cr,0; K,Cr,O~CrO;
P HNO5-1/2K,Cr,O; K,Cr,O~KNO;
3.2
2 KNO;
A B ( 2
. K5Cr,0;
HNO; CrO; KNO; . A B
2 KNO; B

KNO;



580

1)  A-B 0°C KNOs.
FaXa =W X + SKN03 [KNO3].
K*:0.2879 K*:0.1837 K*:1.0
H*0.7121 H*:0.8163 H*:00
Al NO,0.7121 "I NO, 067 el N 10
1/2Cr,0,%:0.2879 |, Y2Cr,0,7:0.33 V210,700 |
F,=1.0 mol

- We=0.8724 mol, Scyo,=0.1276 mol.
) B_C

We X + SHNo3 [HNos] =We X¢
WB+S-|N03 =W, ,

S—|NO3:S(N03:O- 1276 mol.

K*:0.1837 K*:0.0 KEL=Xg,
H*:0.8163 H*:1.0 H X g

B _ +Sino, - =We -
NO,:0.67 NO,:1.0 NO;:1- xc(u20r2072’)
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FA=1.0 mol, Xa+=0.7121, Xa(ycr,0,=0.2879.
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1
Tablel Composition of solution at operating point of joint production of CrO; and KNO3
Component Calculated content by mole fraction Experimental content by mole fraction
in solution A B C D A B C D
K* 0.2879 0.1837 0.1603 0.1837 0.3006 0.1927 0.1742 0.1944
H* 0.7121 0.8163 0.8397 0.8163 0.6994 0.8073 0.8258 0.8056
NOs 0.7121 0.67 0.7121 0.8163 0.6994 0.6626 0.7352 0.7920
1/2Cr,0% 0.2819 0.33 0.2879 0.1837 0.3006 0.3374 0.2648 0.2080
Total 1.0 0.8724 1.0 0.8724 1.0 0.8663 1.0 0.8647
K ,Cr,07:HNO4( ) 1:4.95
KNO; CrO; 0.1276 mol. 200 g K,Cr,0; 400
mL 40%(w) HNO; A KNO;
KNO; 755¢g KNOj; 75.9%, K,Cr,0; 7.3%, H,0 16.8% B
B-C 65% 95%
C-D CrO; 82.6¢ CrO;
69.9%, K,Cr,0;7 4.7%, H,0 25.4% CrOj; D Cro;
K,Cr,0,
Cl
K5Cr,0; Ccl
4
(1) KoCr,0;  HNO;
: ( )
K2Cr,0—~CrO;—KNOs—-HNO5;-H,0
)
Ucr Uk
NRji i (mol) Npi (mol)
Nu,i i (mol) F ( mol)
w ( mol) S (mol)
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Phase Diagram Analysis of aNew Cleaner Process for
Making Chromium Trioxide and Potassium Nitrate Simultaneously

CHEN Heng-fang, LI Zuo-hu, ZHANGYi, LI Hui-quan
(Institute of Process Engineering, Chinese Academy of Sciences, Beijing 100080, China)

Abstract A new technology for making chromium trioxide and potassium nitrate simultaneously by using nitric acid
to decompose potassium dichromate has been andyzed according to phase diagrams of the KCr,O;~CrO;-KNO;-HNO;-H,0
quaternary system at 0°C, 25°C and 45°C based on experimental results. The equilibrium components of operation
points have been determined by analyzing the maximum use ratio of Cr and K. An example of material balance of
the four-step cycle method starting at precipitating KNO; is provided and the reasonable conditions of the proposed
technology are suggested. The initial mole proportion of raw materials K,Cr,0O;:HNO; is 1:4.95 and the amounts of
precipitated KNO3 and CrO; are both 0.1276 mol, which is proved to coincide with the experimental result. The
components of each operation point can achieve mass balance, which lays a good foundation for the cleaner process
for jointly producing CrO; and KNOs.

Key words:. cleaner process; phase diagram; chromium trioxide; potassium nitrate; nitric acid



