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c.) Species: H,0, HY, OH', H,CO5', HCO5', COs>, NH,*, NHs(aq), CI', Na*

Tableau: .
HO W HCO;  NH ClI - Na'

Hzo ’ 1

H 1

OH 1 -1

H,CO," 1 1

HCO5 1

CO5% -1 1

NH,* : 1

NH;(aq) -1 1

Na* 1

Cr . 1

[HO)r Lo

[NaHCO;3] 1 1

[N32C03]T - -1 ' 1 ‘ ) 2

[NH,Cl}r 1 1

. Mole Balances: _

TOTH: [H'] - [OH] + [H,CO3'] - [CO5] - [NHz(aq)] = —{Na;COs}r  (10)
TOTHCO;: [HxCO;' ]+ [HCO57 + [CO5*] = [NaHCOs)r + [NaaCOs]r (11)
TOT NHy:  [NH,'T + [NH3(aq)] = [NH,Cl]r . (12)
TOT Cl: [C] = [NHCl}t (13)
TOT Na: [Na*] = [NaHCOs}y + 2[Na;COs]y | (14)

[NH;(ag)] can be calculated from Eq.(12) and the mass law expression:

107 P NH;(aq)] + [NHs(aq)] = [NH,Cl}r (15)
[NHs(ag)] = [NH,Cl]r / (1072472 4 1) (16)

N.B. [NHCl}r = (700kg/hr)(hr/3600s)(s/2m>) 10 m¥/L)(10°g/kg)(mol/63.5g) = 1072

[NHs(aq)) = 10728 7 (10°2?H + 1) amn
[NHg7 = 102810787 (1072 P 4 1) _ (18)

Using mass law expressions,

[H2COs5']

1053571 [HCO4] ' (19)
[CO5™]

1071933 11037 (20)

Hon



*Then Eq.(11) can be used to solve for [HCO37:

106.35-pH {HCO:-}-] + [HCOB—} + 10PH»10.33 {HCOS-] - 10-[.85 (21)

[HCOS-](106.35~DH +1+ 10PH-I[).33) = 10-1.85 (22)
[HCO3] = 101 7 (105%#1 4 1 4 1077105 @

These equations can be substituted 1nto Eq.(10) and a solver can be employed to solve for
pH

pH ~ 9.13
d.) In Region 3, the ammonia species reach equilibrium with the atmosphere by leaving

the system as in Region 1 since the partial pressure is 0. This is equlvalent to the addition
of 10** M HC, so the alkalmlty changes:

Ak = [Na'} - [CI'] ' (24)
- 107181 _ 1028
— 1.0-1.85

Eq.(4), Eq.(9), Eq.(19), and Eq.(20) can be solved simultaneously to determine pH: .

pH ~9.36
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