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Abstract — A chemical reaction mechanism has been studied on the reaction of by-product gypsum with
ammonium carbonate. The reaction followed a first-order kinetics which was directly proportional to the
concentration of carbonate ion. The rate constant, k (sec'l) was related to the reaction temperature, T(K)
over the range of 20 to 50°C by the equation, log k = —3630 1/T + 8.657, and the energy of activation
was 16.61 Kcal/mole. The ammonium sulfate which was obtained by the reaction at 50°C for 15 minutes
was 97.33 wt% in purity, and showed a good crystallinity.
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Table 1. Analysis of by-product gypsum (The
samples were dried at 45°C for 2

hours before analysis).

. wet chemical ICAP
test item analysis (wt %) analysis (wt %)
CaO 31.22 31. 54
SO, 44.21 44.70
Si0, 2.66 2.68
P,0s 0. 50 0.70
Al O, 0.98 1.07
Fe,0, 0.10 0.08
MgO N.D. 0.015
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1. Stirrer 2. Temperature controller
3. Transformer 4. Thermometer

5. Stirrer seal 6. Condenser

7. Gear reduced motor

9. Trap 10 Valve
12. Glass wool
14. Reactor

8. Vacuum pump
11. 2ml pipette
13. Filter paper
15. Water bath
Fig.1. Schematic diagram of the experimental
apparatus for the production of ammo -

nium sulfate.
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Fig.2. Variation in concentration of carbonate
along the reaction time at various reac-
tion temperatures (t=0:initial reaction
time, t,—0: time when a timing watch

was started after thermal equilibrium).
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Fig.3. X-ray diffraction patterns of calcium

carbonate.
((a) pure chemical reagent, (b) reaction

temperature 50C, (¢} 40C, (d) 30T, and

{e) 20C).
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Table 2. Analysis of CaCO, produced in the reaction of by-product gypsum with ammonium carbenate

at various reaction temperatures.

) wet chemical analysis (wt%) ICAP analysis (wt%)
vest item 20C 30T 40C 50T 20T 30T 40C 50T
Ca0 42.12 46, 63 48. 27 47. 87 43. 96 46. 76 46.76 46. 56
SO, 12. 56 2.83 3.25 3.00 12.56 2.83 3.75 3.45
SiO, 3.48 4. 58 4. 40 5.18 - - - -
Al O, 1. 86 2.14 1.77 1.70 .79 2.04 1.97 1.85
Fe,0, 0. 14 0.15 0.10 1. 11 0.12 0. 18 0.14 0.14
Table 3. ICAP analysis of (NH,);: SO, produced in the reaction of by-product gypsum with
ammeonium carbonate at 50°C for 15min.
test item Cal S0, Al,O; Fe,0, MgO Na.0 P,0s
wt% 0.11 58. 96 0. 051 0. 009 0. 008 0.08 0.05
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Fig. 4. X-ray diffraction patterns of ammonium

sulfate.
((a) product obtained in this work, (b)pure

chemical reagent).
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Fig.5. Procedure for testing a rate equation of
the type —r,=kC" by the differential
method of analysis at 40°C(t=0: initial
reaction time,t,=0:time when a timing
watch was started after thermal equili-

brium).
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Table 4. Experimental data obtained by the differential method of analysis for the reaction of
gypsum with ammonium carbonate at various reaction temperatures.
(Cio=3.94mole/I, €,=0. 142)*
. Cio daC,
i;:%cl%nture C, (mole/?) ciﬁ‘ (mole/1 - sec) Z;OIS;DI‘F'EQS;) dt log C. log (=)
20 2.82 -6.00x107" 5.45%x107 0. 450 -3.26
20 2.18 -4,17%x10° 3.86%X107* 0.338 -3.41
20 1.72 -3.33x10°" 3.14x107° 0.235 -3.50
20 1. 46 -2.83x107" 2.69x107" 0.161 -3.57
20 1.18 -2.33x107" 2.24X107" 0.068 -3.65
30 2.31 -1.33x107° 1.23x10°° 0.364 -2.91
30 1.59 -8.83x107* 8.36x10™" 0.201 —3.08
30 0. 95 . —4.67x107" 4.51%107" -0.022 -3.35
30 0.70 -3.00x107* 2.93%x107 -0.155 -3.53
40 1.87 -2.75%107° 2.58x107° 0.272 -2.59
40 1.56 -2.17x107" 2.05%x107° 0.193 -2.69
40 1.22 -1.75%x107" 1.68x107° 0.086 -2.78
40 0.94 -1.33%x10°° 1.29x107° -0.027 -2.89
40 0.66 -9.17x10°* 8.95%X 107" —0.180 -3.05
50 1.23 -4.17%x107° 3.99x107° 0.090 —2.40
50 0.98 -3.33%107° 3.22x10°° ~-0.009 -2.49
50 0.81 -2.50x107° 2.43x107° -0.092 -2.61
50 0.57 -L67x107° 1.63x107° -0.244 -2.79
*h3del et 2w el FEE 3.94mole/l °12 2 C,o=3. 94mole/! o] 31,
300
V= 1= Vi, = 0 _ (300+3. 94 X ﬂXZX 18) —300 o 1melet
* Vx,= 0 300
—o.4} B 1E ¥l 259 Fol £lEH=R, KEWI
KV 4] molar volume o1 Zftel REHE KR
| o ¥sgft Eo Ekel BRGE A%l
= 28 fool HRE 4 23, Rl BT, K@)el
L -3.0} ek #HER €,9 3he 0.142¢]0ch Table 40|
g€ .ol ac 4 o{ A% log(~r.) ok log C,o @o2E log
-3.4¢ Eig:g (-1 ¥ log C,Z plotdt Zo| Fig. 6 °lch, K1Y
Q50T of fKabad AR 7187l E KEKRE (n) o 2 =
~3.6 & Aalel ghel log kol =2, Fig. 64 Fifel 7]

-0.3 -0.2—0.1 0 0.1 0.2 0.3 0.4 0.5
log C,
Fig.6. A polt of log(—r,) as a function of log

C, at various reaction temperatures.
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Table 5. Experimental data for the reaction of gypsum with ammonium carbonate at various

temperatures.
20T 30T 40T 50T
t ¢ (min) -In(1-X,) t¢{min) -In(1-X,) t ¢ (min) -In(1-X,) t s (min) -In(1-X,)
5 0. 261 5 0. 359 2 0. 596 2 1. 075
15 0. 338 15 0. 587 7 0.951 5 1. 663
30 0.493 30 1. 148 10 1. 236 10 2. 329
45 0. 678 45 1. 620 13 1. 502
60 0. 861 60 1.949 16 1.723
75 1. 015 20 2.010
90 1. 148
fsrikel f5R Kl WY REIZF K 1.sfF
Mol —RIXMl Rkl EITElms, KWK Ay
b ol AT R ek ZfL e BB —KA Lol log k=~ 5o - log A
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"

Fig. 7. First-order plot for the reaction of by
-product gypsum with ammonium carbo-
nate at various reaction temperatures
(t=0: initial reaction time,t,—0: time
when a timing watch was started after

thermal equilibrium).
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Fig.8. Temperature dependency of the rate con-

stant for the formation of ammonium sul-
fate from the reaction of by-product gyp-

sum with ammonium carbonate.
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shod RIS stute L&Y o #%5%a
REAEe £XKEnE K o3 2 AR e
Az #irslelet PR

CaS0,-2H,0 (s) =CaS0,-2H,0 (1) —

Ca’*+S0¥+2H,0

=k(CO}-)ole] Wl omz ol2|d &

=
=

(NH,) ,CO;—2NH;+CO3- 20
Ca**+C0i —CaCO, @n
2NH;+S0{~—(NH,),SO, 22

%1k : CaSO,-2H,0+ (NH,),CO,=
CaCO,+ (NH,),S0,+2H,0
KEE19 S BEME LR o MRERI M), KR Q0) ol
A (NH,),COs& @EMTicl o2 Flidols 25
7Rt =l 7] wlFol (NH,),CO,;7} obd COI7F R
ol slv] 12l3 KMEE)E RKEERME 471

CEFCENRLE BEnE) 261

HEME (NH,),S0,° HEER Mol =2 o] KIE
T =y owe) 7" Zleln webs KA QD]
ARERR 7L = o] PAEAC =3 2K K
PR = ol £l sl EES o
#rrh o) skl CaCO,7} Mfsle REQRDE FE
CaCO,9| 4£BRES 2w KRS RHEEEE,

r=— d(i?!_] =d[C3tC03] _k/ {Caz+] [CO:A]
@3

7h kRS KGR 7L " Zloloh

Kol of = F2RE #ITH &R EWHREELES
Ca’oll @A &t @] FHE7F ERE sl EHEHl
Ca™% fiashe M HHAAA Cal b RKIE

of el WkEs = Mgsh Romz M, d[cta“] =0

o fehol (Cat)e —Eotthn ¥ 4 9omz X
09 & ESol fRsto RoHA RMGEAER
o=~ SOy oz st —satl ek
el A REOIEFol (Kito] HMUT
2 e RIS, K)ol EEERET 2 2
oef slol HED KWMME wet girsielet 4
Ao,

5. & &

1. B EEe ke v KEEE = KR
BAE 7} gl kel Bus) kFshd, 50T o
B 155/ KA 2 o G&e] #kRL 9559 %
off igalel, vl 97.33%9 &Ml W T
BES NEg 4 ol

2. K% HEIHINE 3~45e] 2B K
FERE ol A 4 ~ SaER RMEA 7 A HEe 95
%Ll Fol $M(L 5ol 32~33wtn ol BELEEFHES £
stz oo, & EEER (Kshd 50T A4 155
R ol 33 4wt %ol BEEFE) A Lo
A oenz, R RKESEAdE Mok =&
M KRNl A KIS T8k el o HA
sl2l e} Ahs it

3. Kol ek EFel K COy o o

—RK & et k&@ii@fz\‘cﬂl ul 2} T E 2,
ol KM iEMEIbolizl& 16. 61 kcal/mole o] % 2
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HERSF = 4.54%x10%sec 0|2

=3 KEEREEHE RIGRESS o3 22 B

Rz RTFEEL Adsteh

log k= -3, 630% +8. 657

NOMENCLATURE

C, : Concentration of A at reaction time t,
mol/cm3

C,, : Concentration of A before reaction,
mol/cm3

E., : Activation energy, cal/mol
Reaction rate constant, (mol/cma)1
sec
Equilibrium constant

n : Order of reaction

N, : Moles of reactant A remained at reaction
time t

N., : Moles of reactant A before reaction

v, : Rate of reaction based on reactant A,
moles A converted/cm3. sec

t . Reaction time, sec

T : Reaction temperature, K

V : Reaction system volume at reaction time
t

V, : Reaction system volume before reaction

X, : Fraction of reactant A converted into

product at reaction time t

3tstEsh Mi23W™ M4z 198507 82

~N N bW N

10.

11

12,

13.

14.
15.
16.

Fractional volume change on complete
conversion of A
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