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Improvements on Synthesis of Potassium Tris(oxalato)
Ferrate(lll) Trihydrate
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ZHANG Yu JIANG Jian-Hong LIU Wen-Qi’
(College of Chemical Biological and Environmental Engineering, Xiangnan University, Chenzhou 423043,
Hunan Province, P. R. China)

Abstract: Potassium tris(oxalato) ferrate(lll) trihydrate has the industrial production value, and its
synthesis is a classic experiment in the laboratory course for chemistry majors. However, results from the
experimental procedure in the textbook are unsatisfactory. Based on the rigorous analysis of chemical
equilibrium theory, we first proposed that the key factor for improving the yield is to strictly control the
amount of oxalic acid and potassium oxalate. The improved synthesis conditions are as follows: in the
oxidation step, the reaction is carried out at 40 °C, and the concentration of H,O. is 6%; after full oxidation,
the solution is kept boiling for two minutes; a slight excess of oxalic acid and 10% excess of potassium
oxalate are used in the acid dissolution step; sufficiently cooling is followed in crystallization. With the
improved procedure, operations are simplified and raw materials are saved. The yield is 87% for laboratory
average and greater than 70% for students in the laboratory class.
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110 °C F %22 3 43 145 Stk M 9 Ks[Fe(Cx04)s], 230 °C I /i . B S0 ek, el FEIE A&
ONf . TR AR () R B A 1) 2% 07 R B Vs PR A A R ) R B JRORE, i — B LR AR G A A AL
BRI B A R A I Tl AR P AME N 3 AR B AR 25 T 5900 i AR B BC A7, PRI e A= A=
SRk, FOETFFSMRNE N sp’, MEHRTIEN3d°, Ki[Fe(C0.):]& s | e M &4,
TR R T 95 AR . 298.15 KN, = Uk AN BL IR B I 8L 1Y) S R 8 2R (—78.55 + 3.90) kJ - mol
Ki[Fe(C20.)s] - 3HO FRAEBE R A= Bk H(—4211.22 +3.90) kI - mol ' ¥, [Fe(C,0.):]* KasE # ¥k~ 1.6 x 10%,
T [Fe(Cy04)s]" Ik AL 1.7 x 10°,
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i % 7.2k 82 [(NHL).Fe(S04).] - 6H,O (AR, EZGEE R = IE R A F]); B K.C.0,- H.O (AR,
FEET AL RFITE T /KA EE H.C,0. 2H,0 (AR, RIEMW AL ERFI LT LK ZEE(AR,
EEKT 95%, WEICITRA AR AT): H.SO. (AR), HECH|3 mol L %M : 30% H,0,, SZI T
B 1] 6% R £ s SIEE6 A KON B 2RI K
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ARSI IG K F i R Pk B N B R R RO IR Ak, A SEALSS R SRR S RRID R . E e, K
& BN WA E R Y2 B InE A, TEAWIRE TN BRI, I Eih, &84 kg ki
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(NH4)2FC(SO4)2 + H2C204 + 2H20 = FeC204 'ZHQO l + (NH4)st4 + HzSO4 (1)
6FeC204'2HzO + 3H202 + 6K2C204 = 4K3[FG(C204)3] * 3H20 + 2FC(OH)3 (2)
ZFC(OH)3 + 3H2C204 + 3K2C204 = 2K3[F€(C204)3] ¢ 3H20 (3)

1.3 HIE=EBREER(IN)ERTR R

LA S AN et TS R SCR TR E i, T TV 4% T eS0dE i 77 8 ik

HY 5.0000 g (NH,).Fe(SO.),* 6H,O (12.5 mmol)F 250 mL BE#F 5, i1 53 3 mol-L~' H.SO,, 5N
20 mL H,O, JH#iE . 76 A BB+ T & 20 mmol H.C.O, B (L &), HHEiHEN
FeC,0,  2HO VR B A PivE, Mids F2IEM, G E MK SEERUTE 3—4 R £ FIRYTHEH A 10 mL
T4 3.685 g FFRAT (20 mmol) /KA, 7KIHE IR 4EFE 40 °C, 22123 I 20 mL 3% H,O, ¥ 7R (111 41) 5%
10 mL 6% H.O. AV 4), SEi AR 1) Fe(OH) TIE A Bl AR 2 min 5, & WINGH
1.134 g HER(9 mmol) IV TR 5157 1.105 g B A (6 mmol) O EA Wit £, 2 1A 535 I 1) =2 4%
. MIE/KLEELS mL, HiEE TS &, ik, H50%mH s, 50 °CHEF1h, 4578, K
=, UETE, #LRF.
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I H I Il 111 v
K.C.O,. & 10 mL M FI¥E 7R 10 mL MR 7R 20 mmol 20 mmol
H.O, ¥R %/ & 3%/20 mL 6%/10 mL 3%/20 mL 6%/10 mL
H.C,O, & 8 mL AN 8 mL YA 9 mmol 9 mmol
78 KGO 1) = 0 0 6 mmol 6 mmol
JEI pH 3 3-4 3 3
TETR I SRARtn SRaRtn SReRtn, AR
PET AR 38 mL 28 mL 31 mL 21 mL
FrE 23969 g 2.9667 g 45027 g 54541 g
FEER 38.3% 47.4% 71.9% 87.1%
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E1 &% pH5S[C.0i)/[H.C.OH*FH

[H+] — ka[HZC;P4] — 38 X [H2C294] X 1073
[C.0: ] [C.0: ]

pH HUR T [C.O0F V/[H.C:O K/, HE M H EEAGE D THISE . H.C.O,f) &> T 6.3 mmol,
pH ¥ B E K> 4); 1M K.C.O. &> T 19 mmol, pH ¥ & E Ik /N< 2). 10 W5 1) Btk — 5 1kt
pHEZIA K, R & i i B 2% .

FEI2 AT 0L, pH O HER (1) FH AR R . B R B i — phi(< 5%), RIS R K KT & (> 50%),
TR pH WA /NT 3.5, AT LA 32 i pH 2 a7 48 ] 52 A0 WA I SR . B PR FH A vk o

— KC,0,3& 53%
....... K,C,0, iT & 10.7%
A0 == K,C,0, iTE 16.0%
— K,C,0, T & 21.3%

-= K,C,0, T8 26.7%
—- KC,0, T8 32.0%
K,C.0, 3 & 37.3%

- K,C,0, I8 42.7%
—— K,C,0, i3 % 48.0%
- - K,C,0, it 53.3%
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25 RENEEMHERNG

AN TR RLE T R R L R A P A P L MR 2. HIRL(25 °C) M B FRVA VR IR FE 2974 1 mol - L',
M AZEZERLAIN10 °C, WA R BRSO R 0.5 mol-L'e R N A B R S IR R 4 N
2mol L', AZFWAKERE 1.7 mol L 'L R Al UL, X BRI 52m O, ARG %18
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2[Fe(C:04):] + SH,O = Fe(C,0,), SH,O + 3C,0% (©6)
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e LR T KA
RN FE/(g/100 g H,O) TR R JEE /(mol - L) YRR /(g/100 g H,O) LRI AR JE /(mol - L)

0°C 25.5 1.4 3.54 0.28
10 °C 31.9 1.7 6.08 0.48
20 °C 36.4 2.0 9.52 0.75
30°C 39.9 22 143 1.1
40 °C 43.8 2.4 215 1.7
60 °C 53.2 29 445 3.5

SEAF (159202 F pH IR ARG 38 BH, pH > 4 BB IR AN 2 B, DI R s pH < 3 Ui R IR A A
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FeSO, + H,C,0, = FeC,0, + H,SO, (7)
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