2 - 8 Total Dissolved Solids (TDS)
O S.SE AAG s FLAIA T
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2 - 9 Alkalinity ~ [H']E $3A1Z & I & iond &

(D most common constituent

i) HCO; (bicarbonate)

ii) COs3" (carbonate)

iii) OH (hydroxide)

2 Reaction

CO; + H)O = HyCO; (carbonic acid)
H>COs = H' + HCOs

HCO; = H' + CO5

COs” + HLO = HCO; + OH

@ [H'] o o3 &gzl vkg

H +OH < HO0 - @
H + COy = HCO;  ———- @
H + HCOs = H,CO3 ——- ©)

i) high alkainity &< acid titration A7 pH W3lo] W& W34S k.
i) if 1st "= eo] pH 83 ¢ o
OH + EF %3 (eq D)
COs" & B% HCO; (eq @)
i) eq @ ¢ HCO; ¢} 7]£¢ HCO; 7} [H]E &M 3t} — eq @
T2nd ¥4 pH 45



pH

iv) P: pH 83 o =&3}= 4Fe] < (phenolphtalin alkalinity)
m . AS5E pH 45 o =&38F= Ake] < (total alkalinity)
@ P=M X & alkalinity:= OH o <]3%tc}.
© P=M/2 EE alkalinity: CO;* o <3},
© P=0 (initial pH<K.3) & alkalinity= HCO3; °f o]+
® P<M/2 ¥&7t8 % 74 iond COs®, HCO; 7} %t}

@ P>M/2 ¢7t8 % 4 iond OH, COy 7} ®rh.

v) 0.02N H:SOs & A A5l B,

@ HoSO4 9] equivalent = 49.04 g/equiv
CaCOs 9] equivalent = 50.05 g/equiv
© H,SO4 0.02N Iméell g% H.SO, &

H ek
= 0.02[% Ix1m¢ = 0.9809mg

© HoSO; B : CaCO3 F# = 0.9808mg H.SO, : xmg CaCOs

x=1mg (0.02N 1m¢ H»SOs = 1mge] CaCOs; ¢ <7tgl s F3})
ex) sample 1L°l 13.8m¢, 0.02N H:SO4 7} A% — Alkalinity = 13.8ppm



ex) sample 200m¢, initial pH=10

0.02N H.SO4 11mé 7} — pH 8.3

0.02N H:SO4 30m¢ #7} — pH 45

Determine alkalinity species and the quantity ?
<sol>
i) pH 10 1A ¢ [OH ]9 §%=

—1_ 10 *molOH~ ; OH 1%  90,000mgCalO,
Lor 1= L Hmoior ' cacozw !

=bmg/L as CaCOs
ii) Sample 200m¢ o= 1mg ¢ CaCOs; 7} [OH Jo sd
— [OH] 341715 0.02N HoSO4 1ml 22H]
i) COs? + H — HCOs; © 10m¢ 24

[CO; %= %SE% x 100L0m€ =100mg/L as CaCOs

iv) 22 HCOs
=30 -1 +10+10 =9

- 1
[HCO; 1=~ x A0 — 450017 as CaCOs
l

Total alkalinity = 150 mg/LL as CaCOs



alkalinity ion

i1) D@ ¥FS % total alkalinity & €A

i) 2F9 #2 pH 10 ~ 11 74A &¢3 AFo =2 CO, A

st pH 1
v pH | (COE wi=)
v) COY + H,O0O = HCO; + OH -——— ®

ok3l whS-o|i} algae’} BrAYCE HCO; = 4% — pH 1
v) CO; + HO = H>COs = H + HCOs
CO; 7} = &3t 4Hd st



2 — 10 hardness

i) A5t 7t 349 gojoz Ho
ii) 2AA ZAgd= Ca™, Mg 7F Ao
i) Ca™', Mg~ & ®]F9 W33t %
2NaCO:Ci7Hz + cation” —  cation” (CO:Ci7Hzs)2 | + 2Ny
iv) boiler scale
Ca’ + 2HCO; — CaCO3 | + CO: + HO

heat

v) carbonate hardness - -+ - AAHQA HAX (FAA AA)

%9 HCOs, COz” o 93 alkalinity o th$3at= 4%
vi) non - carbonate hardness - - + GTFHQ A= (FAX JE #1A)
vii) alkalinity & hardness & =% CaCO; = %3
ex) T4 EA4X —  total hardness

Na" 20 mg/ ¢ Cl 40 mg/ ¥

Ca"™" 15 mg/# SO4” 16 mg/ ¢

Mg 10 mg/ ¢ NO; 1 mg/#¢

Sr'" 2 mg/ 4 Alkalinity 50 mg/ ¢

strontium
@ 27} cation Ca*’, Mg*, Sr*’
@ 27} Yol FTE  HAE(CaCOs3) = 27} Yol F = CaCO; T HF

27} Cation equivalent hardness, mg/ ¢ as CaCOs
Ca"” 20.0 (g/equiv) (15)(50) / 20.0 = 375

Mg~ 10 12.0 (10)(50) / 12.0 = 41.0

Sr 2 43.8 (2)(50) / 438 = 2.3

total hardness = 80.3 mg/ ¢



vii) EHAFE = 9] Softening
O A3+ {Ca(OH)2}, NaOH ol ¢]g %
<Ca(OH)z>
Ca(HCO3)2 + Ca(OH)-
Mg(HCOz)2 + Ca(OH),
AL A7
MgCO; + Ca(OH), = Mg(OH), | + CaCOs |
<NaOH>
Ca(HCO3); + 2NaOH = CaCOs; | + NaxCOs3 (£) + 2H,0
Mg(HCOs3); + 2NaOH = MgCOs; (€9) + NaCOs (£4) + 2H.0
AL A7 |
MgCOs; + 2NaOH = Mg(OH); | + NasCOs
@ ion exchange
ix) 97 ZAE9 softening (by Na,CO3; 'At}3])
D CaS0Qs + NaCO3 = (CaCOs l + NaSOQy ————- @
CaCl; + NaxCO3 = CaCO3 | + 2NaCl -—-—-——- ®
@ Ca(OH); ¢ 22 t3]e 2¢ g
MgSO, + Cax(OH)» = Mg(OH)z i + (CaS0Q, (&)
== Us @ o 2

@ ion exchage

2CaC0O3; | + 2H20
MgC03 (%O—H) + CaCOs i +  2H-0

fram 4
fram 4



ex) hard water softening®l 4] 213, Soda ash (FFEAHUER)
HAHoz HYd =ZdS w9 hardnessE K.
@ Kg = [Ca”1 [COs ] = 482 x 107 (25C)
Ko = [Mg"] [OHT = 9.0 x 10" (25C)

<sol>

D Ca" = x mol/#¢

Ka = x° = 482 x 107 — x=0.094 x 10 * mol/ /¢

Ca’ ol&%% : A% = Ca o9 : CaCO; T

Ca” 4% =69 + CaCO3 mg/ ¢

Mg y mol/ ¢ [Mg(OH); = Mg~ + 2(OH) ]
folek A = Mg 9 CaCO; B

o - -

1.31x10 [ 22y 24gﬁ++ J[A0008 3.7 = = 12:50

Mg 4% = 13.1 CaCOs mg/[
HAHA o8] =g 4 9+ hardness = 6.94 + 13.1 = 20 CaCOs3 mg/ ¢
X ) Soft water < 50 mg/# as CaCOs

hard water 150 ~ 300 mg/#




toxic metal -+ + - "% A E S Z health hazard

2 — 12 metal

non - toxic metal

measurement : AA (atom absorption spectrophotometer)
D non - toxic metal

i) A% ion: + +Mg , Ca”
ii) Na- - -dZ24 v54 55, =& 84, 25349 724
iii) Fe, Mn - - - color problem

bacteria®l] ¢]3f slime A

Fe 53] #¥#& Fecly,, Fe(HCO3),, Fe(SOy) = &4

2ks}
Fe®' (ferrous ion, AAYH) —  Fe’ (ferric ion, A23)
l
Rl

ex)2FeSQy - TH:O + 2Ca(HCO3)2 + Oy — 2Fe(OH)s | + 2CaSOs + (3Hz0),

2FeSO, - 7TH,O + 2Ca(OH), + 1/20, — 2Fe(OH)3 | + 2CaSO,; + (3H20)

— webA Fes Ox7F EAl6HA] &+ A&k, A5 oAl EA
@ toxic metal
i) As (arsenic) Cu (copper)

Cd (cadmium) Zn (zinc)

Cr (chromium)

Pd (lead)

Hg (mercury)

i1) food chain®| 93] cumulation



