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Design research of a new process for production of potassium sulfate by
ammonium sulfate conversion method
CHENG Jia-lin'* , CHI Yong-qing", JIA Pan-feng’
(1.School of Chemical and Biological Engineering, Taiyuan University of Science and Technology,
Taiyuan 030021, China; 2.Shanxi Huapu Testing Center, Taiyuan 030199, China)

Abstract: The design and experimental study on a new process for the preparation of potassium sulfate via
ammonium-potassium sulfate conversion method is introduced. According to the water-salt phase diagram of the system,
the new process designed is composed of three parts: potassium sulfate preparation, thermal precipitation of ammonium-
potassium sulfate ,and preparation of ammonium chloride. The experimental study is conducted through using industrial
grade raw materials based on newly-designed process parameters and operation indexes.The obtained experimental data
are in good agreement with the newly-designed process parameters.The prepared K,SO, contains 51. 63% of K, 0 and the
utilization rate of K,O reaches 92. 16%. Ammonium-potassium sulfate, refined potassium sulfate mother liquor 1II ,crude
ammonium chloride mother liquor IV, and recrystallized ammonium chloride mother liquor V generated during the
process are all recycled back to the system.The whole process is a closed loop and there is no pollutant to discharge.
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2.1 mEHEIEIZIHE
2.1.1 AEHRBRATH & T HTH
(1) 200 BH RS AR R 40— B & K, 0 Jiim 4

NI BRI A B EREREP #T L 2RI HAR - 181 -

B 43% ~47% , J T 1R BIAFE EAR B ER 1 7 o, H
FH B RR SR B — o T EE PR A5 F T 10 B i 44K
14% ~20% FACBR W b, HEAT AL IO it [ 9 4
T R B0 et v A B R e A R B, S I 58 U, 93
IR R 28 T B Ry 7 SR R
R AT
mK,S0, - (NH,),S80, + 2KCl ==

(m + 1)K,S0, + 2NH, (]

(2) T23HE . ANHE L0, ML R AT G,
FREAER SRR E, 56 E, SARNS F,
SRR LA G, R ERER

B E G, TR G, (2NH] 0. 066,
S0% 0.976) (K,0 51.51%) .G, & G,(2NH] 0.24,
S03 0.955), BEARL G, KB ERE 100 ¢ K it
SIS

G, FEJR i 170. 819, I EE/RECH 100/170. 819 =
0.585 4,

BRBRARS Hl A b B, R, 1 (EER%0) 1T
MR YEATAT R 5

E, = G F/EF, xG, =
79.073/49. 30( £k Bt 1) x 0.5854 = 0.938 9

E, BYBE/RIF R 159. 26, E, HJ5H =0. 938 9x
159. 26=149. 53,

FHL, F, MEEJR & =0.353 6, F, iR & =
140. 122x0. 353 6=49.55;G, RYE/R & =0.687 7,
G, By FihE = 162.936x0. 687 7=112.05; B, ($i—IK
SALE RN &) MBS /R & =0.251 0,B, M Jiih =
149. 2x0.251=37. 5,

FETEhAH 3 7 /R 7K & (mol/mol )
F, BEEHLRT f0 BIRZA 28 X f, YRR B & i
23. 16 mol/mol , F| fifEE/Re i LA 15K 0.353 6,
N F, S R7KE =23, 16X0. 353 6x18=147.42 g, %
FER) S B HRERAN T Y 10% 197K 10 g; [V I 28 %
IR AT EKER 10% 15 14.74 ¢, W] F, &
JKEEN 147, 42+10+14. 72=172. 14 g, HE 4540
RN,

2.1.2 MERBRATHE LA

(1) T2 U0RA R 6 AR ] ARG ] 4 R 40 )
T K S A BRIV B S b BV AR A
ORI AL R N A, AE AR R B 60 ~ 90°C it
ZRAFETE BN TR A A A T T Y B R B
(2) AT 5 50 fifk SN A= BB 2 e B [41 3 AR —HHL o
TRARAT .
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F1 FIEMERRH T ZKBRMAEEME R BRSNRIHTER

FHE S 2NH}/(mol +mol™") S0%*/ (mol -mol™") M/ (g-mol™) FE5/mol TR/ WREK/ g
G, H1 K,50, 0.24 0.955 162. 936 0. 6877 112.05
G, 4% K,S0, 0. 066 0.976 170. 82 0. 5854 100. 00
E, BB 0.176 0. 699 159. 259 0.9389 149. 53
Fy R 0.358 0.241 140. 122 0.3536 49. 55 172. 1
B(1) AL 0 0 149.2 0.251 37.44
E FCELS 0.6123 0. 4648 134. 982 1. 92241 259. 49
FHREE T 0. 8195 0.1918 119. 411 1.23471 147. 44 228.9
MIRA S 0. 7439 0. 5647 131.925 1.5822 208. 73
B(2) s 0 0 149.2 0. 402 50. 76
G3(1) 0. 1974 0.9164 138.24 0. 54253 75. 00
C iRk 1 1 132. 00 0.75758 100. 00
G, BB R 0.9176 0. 9651 134. 604 1.30011 175. 00
H RS 0. 8698 0. 5884 127. 204 2.53482 322.44
G, a4 0.1974 0.9164 138.24 1.04122 138.24
JBER I 0.9166 0.3597 119. 51 1. 4936 178. 50 226. 1
LEEINV 0.9028 0. 3849 120. 72 0. 35846 43.275 60.0
K A5k 0.9210 0.3517 119. 126 1.13513 135.22
PRV 0. 8812 0. 5380 125. 46 0. 37443 46.97 63.3
N A A 0. 9406 0. 260 116. 00 0. 7606 88. 24
S AT 1.234 71x18=228.91 g,

(m + 1)(NH,),80, + 2(m + 1)KCl ==
mK,S0, + (NH,),S0, + 2(mNH,Cl - KC1)

() T E . T E 1R, B F, SR
I L AEREIVA PGBV 3 FEREH Gy AT
TR (1) IRAHNA M A5, B M S B, &
PR G E SBCRHA, &8 0 i i AL N 6,
SOHEAERRR B A F B T, ROVDEHK 250 B 1
FL L BRI ZHG ], o3 B R 1 il AR S Ak

EFETEE 1AL FEHEOR E SSHIE G, R
FREAFN F SRR LB BIh B E ST sy
(2NH: 0.612 3,S0% 0.464 8) #l F /& 1 h i 7>
(2NH: 0.819 5,802 0.191 8), .1 G, Y EE /R &
0.687 7, Al ARHEAFAT R T £ S F S,
E=G,F/EFXG,=96. 650/34. 574 ( £ B K ) x0. 687 7=
1.922 41 E [t =1.922 41x134.98=259.49 g,
F=G,E/EFXG,=62.076/34. 574 ( £k Bt ) x0. 687 7=
1.234 71, F Y JFiE =1. 234 71x119. 41=147. 44 g,

K1 F S S AC T 285K B 40°C 1 Fn 4k
A8 S, f X 7K 5 5 10. 30 mol/mol , F i FEE
R DL BN 1,234 71,0 F A EYOKE = 10. 30%

MR TR, M SR B, ALK E R
S5 TR BEAT AR S AT AT R DU AR M R EE R i =
1.582 2, M K5 =208. 73; B, S EE/RH=0.340 2,
B, i =50. 76, R4 REIEINE 1,
2.2 HEANHERZRAFHSEIZIHE
2.2.1 ITEHH

FE LA B R AR A BRI T A R[] 7= 4 S
W TETRLE 70 ~ 100°C BEPE SR T, MK UCCRE A7 IR 2 A
IR [ e Tl AT IR R B B0 (1) SR AR AT (8] 7= 4
FONE A AT B AR RO, RN A B ] )
e AT R AR e 0, AE R R RN — B E) i R4 T
TER U8, 20 B A IR DF A b Rl e iR AT B R BB, 43
BB I 2 S ML S A sk . AT IR B 1 40 2
T4, — 5 A AT B R £ B (1) 3R [l vp ) Ak 2
I LR A, O — W o AT B R B (2) iR [l &
S NVAE AR

RV R

m(NH,),S0, + 2KCl—=
(m - 1)(NH,),S0, - K,SO, + 2NH,CI

2.2.2 I¥HE

ST A A AR AR AR SR B, B T A
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From iR s ¥ vh (| = My 0y it #2 . AR B2 dr vl B
LGy (1) RUEHR AT IR IR B 5 C R IR #k TR
HIEWMA G, -5 F SR TIRGHCE N H 578
THELSr H AT R R A SO S G AT R
BRI R, TR AR J sV AR A B
S DX

THEA I AR 28 0 5 1 B B 7 ) G, sy T
R G, (2NH] 0.197 4,802 0.916 4) . G, 1,
JET5 ¢ G,(1)F1100 g C fIRAE R T AT,

R A5 A PR A AT 40 i 45 20, 0.542 536G, ] +
0.757 58[ €] =1.300 11[ G, ], IR ATkt 6,
#8843 G,(2NH; 0.917 6,803 0.965 1) ,G, Y
JEE IR B 134. 604 K JFite 175 g,

Bkl H A B F S5 6, IBESIRA S
RUCMECHRE H 5o

1.300 11[ G, 1 +1.234 71[ F] =2.534 82[ H],
FAMA G, F PRy B, vR I ECOR H 5T
R H(2NH] 0.869 8,502 0.588 4) , H FEE /R
[T 127. 204 K55 T 322,44 ¢

R J SO AT AR & OB H
LRGP AE I Gy [EIARFIERE J S, © 51 H 1B
JREE 2,534 82 AIARARATAT ML G, SR T
4 G, = H]/G,JxH = 24.340/56. 822 ( £k Bt K ) x
2.534 82=1.041 22, G, [ ii st = 1. 041 22x138.24 =
143.938 o, J=G,J/G,JxH =32.482/56. 822 ( £k Bt
£) x2.534 82 =1.493 6, ] I Jii & = 1.493 6 x
119.511=178.50 g,

J 55 AC FEHZ 5K 60°C AL 28 S, j
XTI K S &R 8. 41 mol/mol, J ASEE/RE DL I
TN 1.493 6,0 F fiAY/K i = 8.41x1.493 6%
18=226. 1 g, IHEEIESIFRINE 1,

2.3 ShEAEIZIHE
2.3.1 ITZ#H

PR 26 AZE & A th AT Z8 Wk i Wi Js
PRy E AT R S AT I AT & R b B
(1% [ A HH S b e Pk — 20 25 R R S A5 5 7
AR B IV 3R 1152 53k S TP R . Sk
B MoK E 2 R Al S S 1Y) [ A 28 TR R S S Ak
B i, A B P REVE VAR 8155 A il S g TR A B
I,

2.3.2 I¥HE

DUTCAH I 78 & 4 bt B 20 B, B 1 ARTEAH
P rh SR A B 1) 285 it DX, 2 T AT S AL B BT A
Bl 25 A AT AH B ST 4 i i A ml 30, R

NI BRI A B EREREP #T L 2RI HAR - 183 -

Bt R B I e RN AL BB 2 R AR AR B9

fAfE T, 2 B0 B 22 0°C BB 3 75 [ ok ik
B A2% L 15 B IV 7E DU ST K 3 40 B Y R4y a5
WE K M A BN 135.2 o, IR L A5 T3
T 178.5-135.2=43.3 g, L AL N
43.3/0.42=103. 1 g, BRI L S &K 55T 103.1-
43.3=60 g;J MBS 75K — K EIFR IS &,
VR HBRRGA S L i, TS EAH B L A3
(2NH} 0.902 8,503 0.384 9) , J 7% Kk &% i e
W BV L SRR AR T 4 BRI EE R AT AR
FRFTAR I TF 58t K S 1k B B 41 AR A5 (2NH
0.921 0,503 0.351 7) M EE/RE 1. 135 13,

M K S SRk 2 T VA
1k i oy 88.24 o, WIBEW T3 Bt 24 135. 22—
88.24=43.98 g, WE 0°C INHHF IR & [ 5 5 = 70 5
4% P EAE R ESET 43.98/0.41=107.3 g,
FKEEET 107, 4-43.98=63.3 g, A3 RIEAFFL
FOTH5 P T3 B4 (2NH; 0.881 2, SO3
0.5380) P fEE/R ST 0.344 3 AN sk &b
TFER RS (2NH] 0. 940 6,S0%° 0.260) , N 5 FE /R &
T 0.760 6, THAEBIESIRMNE 1,

3 ZBERNITIE

3.1 XWHER
RAET R LR, 7 3 KA BT TR ™ 5
WaRmE 2~ K 4,
K2 RBHBBRENEIRER

(1) AL BR R ) 5
JEORH RLBLAR AN S5 1 21 SR
BT .235 g S 1 90°C HBREREN .94 ¢
BRIV 104 ¢ SR 65 min THRAKH .6 ¢
BRIV 111 g AR L :40C B T :303 g
PHTRIREHN (2) 48 ¢ R HIRSIE) 40 min  BRALLTE 1. 1678
SUAEEN(2) 43 ¢ FRIOKIE 137 g

4it:539 ¢ Git.402 ¢

(2) KB AR AT ) #
JEkH R B RRERE 4 SR
47K 168 g SR . 60°C R I ;203 ¢
AL (1):32 ¢ SVHE .60 min  AFFEIRS .83.0 (6 g)
HUBRRREN .93 ¢ 4 ik 1 40C T
KM .60 min K, 0 51.63% .C1 0. 73%

A1:293 ¢ A1t:291.5 ¢

L Tl &AL K, 0 =62% ; TV #i &%k . (NH,),S0,=95%,
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R3I ATMERZRAHEFLRER

N BT R B )
Jket S SR )
HWT 303 ¢ SR EE :85°C  PMTRRARELHN : 114 ¢(8 g)
TR .87 ¢ S W E] ;60 min - BRI :318 g
PHTERERENEL (1) 66 g PRIITIEEE .80°C BRI L . 1. 1987
G1t:456 ¢ Aiti432g

x4 SUEHELHEER
(1) ML Rl
Rk PN BRSE & T 2400 KP4
BRI 318 g SR Wb MG ALEL 123 g(26)

J5 g it ] : 30 min BRIV .87 g
S iR :0°C BRIV L . 1. 2063
Ail:318 ¢ KRR 82 ¢ Ait:236 ¢
(2) EAE R £
JEEE HIEE R R T LA RN

SN JEE :40°C
4 iR . 0C

Mg 123 g
47K .70 g

S 73.5 ¢
BV 113 g

3.2 itig
W AR 5 S 45 R RN 5,
x5 FIERHTEHIBESIRERMRE

FHIE 5L BT HE WSBHEE SEEEE
G, K K,S0, 100. 00 83. 00 83.0
G, H K,S0, 112. 00 92.96 9.1
Gy T 138.24 114.74 114.2
B FAfbe 88.26 73.26 75.0
C Bila s 100. 00 83. 00 87.0
FyEER T 221. 50 183. 88 203.0
FERE T 376.25 312.34 309.0
J BRI 404. 60 335.88 330.0
N A 88.24 72.25 73.5

B R = ot i 1. 204 8,

(1) X 5 4 FE T 2S5 %t iR
A, T2 5 L 45 B ) & 5
U, UHIRYE DU TTK LR R AH AT T2
EHE | REOS AR A7 b4 T SC 00 i R 4R i SE 05
FNFHUHACR

(2) SEB g A PR Tlk 2 SR AL B0 RN £ AL Rl =
TR ELAE S JEURk, 1 45 AT A AR A T 90— 45
K,O J 434K 519% DL L 0 B i 8 Rl = S A e (&
AR ) o T2 JFURHEAE, LA 1 000 kg 6
PR BN SEUE  THAE AL T 901 ke, BRFREL 1 045 ke,
)it I P~ e 872 ke, HHABBIRRE L T2
e, SRR AL S TH AR

(3) 52 5% il 2% 19 B B2 #F T &t 43 Lk K,0

FBFIH

51.63% .C1 0. 73%, JF B AL % K,0 62.00%1t,
SR B e AL R B R A0 B9 A 2R 92, 19% , I T R
() NF2~F 4 PR E I AT
Firh T 28 KK BRI 137+24482=243 o, 14
1 000 kg BRER P Y ZRIREAFER 2 930 kg/t, 5 HAhFE
A T2 AR A, RIS, Sk Tl 2% B RO 4t 1T
BT
4 it

(1) AR K™ NH./Cl™ SO¥ 1K Z ik EhAH I
BT B R e A vk ) BB FR A1 T T 20 e, I3
B TSRO BAE , R AR G Hh s ) R o £
MRS T 2H8ES 8, T2 WA SEUL
PO TR

(2) SEad R rp SR A Tl i JEORE, il 6 B4 7
TRRREP & K,0 [Tt 4348 50. 6% ~ 51.5%, i5 % GB
20406—2017 KFR 1R R T 24 Mk F G PR 40 A o — 25
dn DAL RS A A A AR B RAIR A ad AR R
B AEALER R 23k 92 16% , &8 Hofth 55 43 i 55 Ak 1
TR

(3) RERE i & T 2 R vl SR B B RR i o)
AIRL, T2 AR B I G IR 490 i v 1) 7= ) A et R
H 3 FhEER 430K 0] R SEAE A A, (A5 T 2454
IR B ARER , JCTs e HE L, R A B TR 4
iR | S IR B2 N T o B HE = S 6]
FARIEA T LR Tl B % 0 I 58
IR EE 51 ERFER .
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