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LOI MG PAU

H¢ théng méi truong ciia chiing ta la mot thé thdng nhdt ludén van dong dé ton tai
va phdt trién. Nhitng qud trinh vén dong dé déu tudn theo cdc dinh ludt bdo toan
ndng lugng, bdo toan khéi lugng va can bdng vat chat.

Ly thuyét vé cdc qud trinh héa hoc, dong hoc phdn iing, dung dich, dién héa hoc...
la co sé dé nghién cdc qud trinh héa 1y ciia méi truong nudc, khong khi va dat,
nghién citu sy lan triyen, tiéu huy chdt é nhiém trong hé théng moi truong va dua ra
cdc gidi phdp cong nghé xit 1y thich hop.

Dé c6 thé ndm viing nhitng ki¢n thitcc co bdn ciia cdc vdn dé néi trén, chiing toi
manh dan bién soan gido trinh “Héa Iy Ky thudt Moi truong” lam tai liéu giang day
va tham khdo cho gidng vién va sinltvi¢n chuyén nganh cong nghé moi truong.

Sé khong thé tranh khéi nhitng khiém Ihieyét vé ndi dung va hinh thitc trinh bay,
rdt mong ban doc déng gop ¥ kién dé cudn gida trinh ngay cang hoan thién hon.

o (RS DET Com 4l LA g A ey yor
Thie vién Triegng BH Sir pham K§ thudt TP.HM
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Chu’o’ng 1
BAO TOAN VA CAN BANG NANG LUQGNG

1.1. MOT SO KHAI NIEM VA PING NGHIA

Hé 12 phan vat chat vi mo dudc gidi han dé nghién citu. Phan thé gidi xung
quanh dudc goi la moi trudng.
Hé vi md: 1a hé bao gdm mot s6 rat 16n ti€u phin sao cho cé thé dp dung
cho né céc dinh luat x4c suat va thong ké.
Hé md: Hé c6 trao d6i chit va ning lugng vdi moi trudng.
Hé d6ng 1a hé khong trao ddi chat, song c6 thé trao d6i ning lugng v6i moi
truong.
Hé c6 1ap 1a hé khong trao d6i chat va ning lugng véi moi trudng.
Hé doan nhiét 13 hé khong trao ddi nhiét v6i moi trudng. Hé co 1ap bao gid
cling doan nhiét.
Hé nhiét dong (Hé cAn bing) 12 hé ma cdc tinh chit vi md khong thay dsi
theo thdi gian khi m&i trudng khong tdc dong dén hé.
Trang théi la tAp hgp (At ¢ tinh chat vi mo cla hé.
Thong s6 trang thdi 12 nhitng dai luong vat 1y vi mod dic trung cho mdi trang
th4i clia hé (nhiét dd T, 4p suat P, thé tich V, khdi lugng m...).
Ham trang thai 12 nhitng dai ludig diic trung cho mdi trang thdi cia hé. Ham
trang thdi thudng dugc biéu dién dudi dang mot haim sd cla cdc thdong sd
trang thai:
Noinang U = ( T,P, n;...).

Qud trinh 13 con dudng ma hé chuyén tir trang.thdi ndy sang trang thai khic.
N&u sau mot s6 bi€n doi hé lai trd vé trang thaPhan dau thi goi 1a qud trinh
kin hay chu trinh.

- Qua trinh ty xay ra

- Qua trinh khong ty xdy ra

- Qua trinh thudn nghich

- Qua4 trinh bat thuan nghich.
Noi ning 13 tdp hop toan bd cic dang ning lugng tiém ting trong hé nhu
niang lugng nguyén tl, ning lugng phan t ...
Cong va nhiét 1a hai hinh thic truyén ning lugng cda hé. Trong nhiét dong
hoc thudng quy udGc:

Cong A Nhiét Q
- Hé sinh >0 <0
- Hé nhin <0 >0

Nhiét chuyén pha (X) 1a nhiét hé nhian dudc trong qud trinh chuyén chat tir
pha nay sang pha khéc.

1 LRI VIER J FIEGTLE G007 S1E AR Ay CREAL 10034
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1.2. BAO TOAN NANG LUQONG

B4o toan ning luong cling v6i bdo toan khdi lugng va bdo toan dong lugng 1a
nhitng khdi niém cd ban caa vt ly. Trong pham vi cia hé nghién citu, dinh luat
bdo toan ning lugng phat bi€u ring lugng ning lugng khong d6i va ning lugng
khong tao ra hoic khong bi phd hly. Ning lugng c6 thé bién ddi tir dang nay sang
dang khic (ning luong thé chuyén thanh ning luong dong hoc) nhung téng ning
lugng bén trong hé 1a ¢ dinh.

1.2.1. Pinh luat thi nhit cia nhiét dong hoc

Nhiét dong hoc nghién cifu ning lugng va cong clia hé. C6 thé tha'y phuong trinh
bdo toan ning lugng d6i véi mot chat khi bat dau véi dinh lut thi nhat clia nhiét
dong hoc. N&u ndi ning clia chit khi 12 U, cong sinh ra bdi cdc chat khi 1a A va
nhiét truyén cho chat khi 1a Q, dinh luat tht nhat clia nhiét dong hoc cho biét sy
thay ddi ning lugng giita trang thdi “1” va trang thai “2 :

UX-Ul=0-A (1.1)

Trong thuc t€ ngudi ta thudng don gidn héa khi phan tich nhiét dong hoc bing
cach st dung cdc bi€n riéng. Bi€n rieng dudc xdc dinh bing cdch 14y gid tri né
chia cho khdi lugng clia hé. C4ch dién 13 riéng* dudc st dung biing cdch viét chi
thudng, do vay dinh ludt nhiét dong hoc thirahit c6 thé dugc viét:

u2-ul =q-a (1.2)

DP3&i v6i mot hé & thé khi chuyén dong, mot dai lugng cdn quan tim 13 ning lugng
dong hoc riéng (d) dugc tinh tif ning luong dong hoc tiéu chuidn D. Ning lugng

A A g 2 A ~ e A 2 1 A e
dong hoc ti€u chuidn D cua mdt chit chuyén dong tuong dudng véi > lan khoi

lugng m va = 1an binh phuong toc do r :

N | =

_mxr?

D (1.3)
Ning lugng dong hoc riéng d sé& bing:
r 2
d=— 1.4
> (1.4)
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Dinh luat nhiét dong hoc thit nhat trd thanh:

u2-ul+d2-dl=q-a (1.5)

Cong riéng thuc hién d€ di chuyén chat khi gdm c6 hai phan: phdn cong dugc sit
dung dé€ di chuyén dich chit hoic thay ddi hinh dang clia né, trong khi dé phan

cong con lai tham gia thay ddi trang thdi ctia hé. 0 4p sudt p va thé tich riéng v,

cong thuc hién dugc viét :
a=(pxv)2—(pxv)Il+wsh(wsh— cong lam bién dang chdt) (1.6)
Thay thé& (1.5 ) vao (1.6) ta dugc :
u2—ul+d2-dl=q—-(p*v)2+p*v)l—wsh (1.7)
TU phuong trinh (1.2) v (/.7 ) ta c6 thé viét lai:
u2+(pxv)2—ul—(pxv)E+s[(FP)2]2-[(r*)/2]1=qg—wsh (1.8)
Thay mot bi€n mdi & (enthalpy) :
h=u+(pxv) (1.9)
Phuong trinh ndng lugng (1.8) dugc don gian hon:
H2-h1+[F)2-[F)/2]1=q-wsh (1.10)
hodc:
h2+ [(FP)2]2-h1-[r)2]1=q-wsh (1.11)

k&t hgp phan tdc d6 v6i phan enthalpy d€ tao thanh enthalpy tong riéng “ht”
chiing ta c6 thé don gidn thém nira:

2

ht=h+% (1.12)

Vi siicn Trativeer BE S olcam 5 thi
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Enthalpy tdng riéng (ht) tuong ty nhu tong 4p sudt trong phuong trinh Bernoulli;
ca hai dai lugng nay bi€u dién su lién quan gi4 tri tinh hoc cdng véi mot phan hai
binh phuong clia tdc dd.

Phuong trinh hay dudc hay st dung nhat la :
ht2—htl =q— wsh (1.13)

1.2.2. Enthalpy cua chat khi

Trang thdi cia chat khi dugc x4c dinh bdi mot sd tinh chi't bao gdm nhiét dd, dp
sudt va thé tich bi chi€m bdi chit khi. Tir dinh luat thd nhit cia nhiét dong hoc
chiing ta c6 thé biét ring noi ning clia chit khi cling 13 mot bi€n cla trang thai chi
phu thudc vao clia chat khi ma khong phu thudc vao qué trinh. Sy bd xung céc bién
trang thdi 12 su k&tkhop cdc bié€n trang thdi tdn tai. cdc bi€n mdi thudng dugc 1lam
cho qud trinh phén tickiciia hé don gidn hon. P&i vdi chat khi, thudn tién nha't 1a b
xung bi€n trang thai enthalpy dudc dinh nghia 13 tdng ndi ning U cong v6i 4p suit
p va thé tich V.

H=U%pxV (1.14)

Enthalpy c6 thé dudc tao thanh bi€n cigng dd hodc bi€n “ riéng” bing cich chia
né cho khéi lugng.

Theo dinh luit thit nhit clia nhiét dong hoc ¢iia mot chat khi nhu ta da bi€t hé
véi nhiét truyén Q, cong A va ndi ning U tir trang thdi I téi trang thdi 2 tuong
duong vdi sy khdc biét nhiét truyén cho hé va cdng thue hién bdi hé :

U2-UI=0Q0-A
Cong va nhiét truyén phu thudc vao qud trinh sit dung d€ thay ddi trang thai. Poi

véi trudng hdp dic biét cda qud trinh dp suat khong ddi. Cong thuc hién bdi chat
khi khi 4p sudt khong ddi s& bing:

A=px[V2-VI] (1.15)

Thé& vao phuong trinh (1.1) ta ¢6:

U2-Ul=Q-px[V2-V1] (116

Thir vien Treorne BDE S oham K¢ thugt TP EHM
4 I Hir vien [ Fegrhg S0 S0 pRamt Sy thinat 100
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T40 hop cdc diéu kién & trang thdi 2 va cdc diéu kién & trang thdi I v6i nhau ta
s€ cO:

(U2+pxV2)—(Ul+pxVI)=Q  (1.17)
(E + pxV) c6 thé thay thé bing enthalpy H:
H2-HI=0 (1.18)

Tu dinh nghia cla truyén nhiét, c¢6 th€ bi€u dién Q biing hé s6 nhiét dung C, véi
nhiét do T:

(H2-HI)p=C,x(T2—-T1Lp (1.19)
Mot cdch tuong tu, chia cho khéi lugng clia hé, enthalpy riéng dugc viét:

(h2—h¥p =c,x (T2-T1)p (1.20)

Nhiét dung riéng c, dugc goi l1a nhiés riéng & dp sudt khdng ddi lién quan dén
hing s& khi vii tru ctia phuong trinh trang thdi. Phudng trinh cudi cing dugc st
dung d€ x4c dinh cdc gi4 tri enthalpy riéng @i véi nhiét do da cho. Enthalpy dudgc
st dung d€ ddnh gid cong dudc thyc hién trén dong chdy bdi may nén va cong hitu
ich tir tudc bin phdt dién....

1.2.3. DPinh luit Hess
Pinh ludt: Trong qud trinh ding 4p hoic ding tich, nhiét phin tng chi phu thudc
vao trang thdi ddu va trang th4i cudi ma khong phu thudc vao trang thi trung gian.

Oy =AU
Op =4H

N&u biét gia tri AU c6 thé suy ra AH va ngudc lai.

Tu dinh nghia: H=U+PV
AH = AU + A(PV) (1.21)

Thir vign Trwene DEH S ohom K thudgi TP EM
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- Trong hé ngung tu (chi gdm pha rdn va 18ng), A (PV)ratnhd, vay c6 thé bd qua:
do vay:

AH = AU (1.22)
-V§Gi cdc qua trinh xay ra ¢6 mat ctia cac khi 1y tudng:

AH = AU + R.T.Mn (1.23)

1.2.3.1. Hé qua cua Pinh luat Hess
a, Nhiét ctia phan ng nghich biing nhung ngudc ddu véi nhiét phdn ¢ng thuan:

AH ng = -AH th (1.24)

b, Nhiét phan @&ng Hang tdng nhiét sinh ra cdc san pham trir di tdng nhiét sinh ra
cla cdc chat tham gia phin ¢ng:

AHpirs Y AHS = > AHS (1.25)

c, Nhiét phdn ¢ng biing tong nhiét chay clia cdc chat v& dau trir di tong nhiét chdy
cla cdc chat v€&€ cudi phuong trinh phaning:

AH_, =) AH = AHS (1.26)

Trong céc s tay héa ly thudng cho gid tri cia Q, hoic O, duéi ky hi¢u AU hoic
AH & céc diéu kién tuong wng. Vi du & diéu kién tiéu chudn : 25°C va 1 arm ta c6:
AU’505 hodic AH",g5. NEuU biét gid tri cda AU ta c6 thé suy ra AH va ngudc lai.
XuAt ph4t tir ding nghia:

H=U+ PV
Tir d6: AH = AU + A(PV) (1.27)
Véi cdc qué trinh x4y ra trong cdc hé ngung tu (hé chi gdm pha rin va 18ng), gid
tri A (P V) ritnhd, c6 thé bd qua, va khi dé:

AH = AU (1.28)
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V6i cdc qua trinh x4y ra ¢c6 mét cla cac khi ly tudng, ta c6:
A(P V)= A(n.RT) = R.T.An (1.29)
AH = AU + R.T.An (1.30)

Phuong trinh (1.30) 4p dung cho qud trinh ding nhiét, trong d6 An 13 bi€n thién s&
mol khi cia qua trinh.

Xét An cua phan Gng :

C (r) + CO, (k) = 2CO (k)
M=2-0-1=1

Vidu l.1
Tinh AH’ 505 va AU”595 cii phén iing téng hop benzen léng tiv axetylen khi

3CGH (k) — CeHe (1)
Biét AH 595 (sinh ) 5%, 94 11,72 Keal.mol’
AH 505 (chdy) -3¥6.62 -781,0

Gidi
a, Tinh theo nhiét sinh:

AH 95 = 11,72 — 3. 54,194 = - 150,862 Kcal
Tinh theo nhiét chdy:

AH,05 = 3.(-310,62) — (-781,0) = 150,86 Kcal

Theo cong thiic 1.20
AU0298 = AH0298 — R.298. An
=- 150862 — 1,987.298
= - 149086 Cal.

1.2.4. Nhiét dung

Nhiét dung 12 nhiét lugng can thiét dé nang nhiét d6 cta vat1én mot do.

- Nhiét dung riéng 12 nhiét dung quy vé mot don vi khdi lugng, dude do bing cal.
¢’ hay J.K.

- Nhiét dung phan t (nhiét dung mol) l1a nhiét dung quy vé 1 mol chat, dudc do
bing cal.mol”. K’ hay J.mol” K.

Thir vign Trwene DEH S ohom K thudgi TP EM
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- Nhiét dung trung binh trong khodng nhiét do tir 7; dén T, dugc xdc dinh theo
cong thic:

c-_ _Q (1.31)

Trong d6: Q — nhiét lugng cin cung cip cho vat d€ niang nhiét do cia vat tir T,
dé&n T, ma khong xay ra sy bi€n d6i chi't hay bi€n ddi pha.

Vidu 1.2

Trong ngdy néng bitc, quan sdt nhiét dé ciia mot phdan duong ray tdng tir 50°C dén
110°C. Phdn duong xay dugc lam bang sdt ¢6 khoi lugng la 233.10° mol. Néu nhiét
dung riéng ciia sdt [ 0 45 J ¢ K, lugng nhiét hdp thu béi phdn dwong ray do sé
bang bao nhiéu? A}

AT = 110-50 = 60°C (60K) -

Khéi lugng : 233 x 10° mol x (55,8g/rfb|’)"‘=‘ 13,0.10° g (13,000 kg)
Nhiét truyén = Nhiét dung x gam ciia chd’z’;‘éb‘zz}:['

Nhiét truyén = 0,453 g1 K™ x 13,0 x 10° g x 60(("~ :

Nhiét truyén = 351.10° J

1.2.5. Pinh luat thi hai cua nhiét dong hoc

Chiing ta c6 thé tudng tugng cdc qud trinh nhiét dong hoc 12 qud trinh bdo toan
ning lugng, nhung qud trinh nay ching bao gi xay ra trong ty nhién.

AQ

AS = Entropy = A_I_—Q

Hinh 1.1 Qua trinh trao d6i nhiét ctia hai vat thé€ c6 nhiét dd khdc nhau

8 Thie vién Tregng BH Sie pham Ky thudt TP.HM
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Né&u nhu mang vat néng cho ti€p xdc véi mot vat lanh, quan sdt thdy vat néng
ngudi dan va vat lanh néng 1&én cho dé&n khi sy cin bing nhiét do dat dugc. Su
truyén nhiét tir vit néng tdi vat lanh hon (H.1.1). Tuy nhién, né€u nhu ¢c6 mot hé,
trong d6 nhiét dugc truyén tir vat ngudi tdi vat néng, di¢u nay khong vi pham dinh
luat thit nhat clia nhiét dong hoc. VAt ngudi sé ngay cang ngudi hon va vat néng sé&
cang néng hon nhung ning lugng dugc bdo toan. Ro rang ring khong thé bit gip
mdt hé nhu vay trong tu nhién. D€ gidi thich diéu nay, cdc nha nhiét dong hoc dé
nghi dua ra dinh luat thit hai cda nhiét dong hoc. Pinh luit thi hai phat bi€u tai d6
tdn tai mot bi€n trang thdi c6 ich dudc goi 1a entropy S. Su bi€n d6i entropy AS
tuong duong vdi sy bi€n ddi truyén nhiét AQ chia cho nhiét do T:

as=A8m (1.32)
T
don vi ctia S 12 cal.mol "K' hay J.mol”’ K’

D6i v6i mot qud trinh vo ciing who:

&?TN (DTN
dS=22M hay AS L f Tem 1.33
T hay AS S (1.33)

Trong trudng hdp qué trinh bat thuan nghich:

A3>j@ (1.34)

1.2.5.1. Entropy la tiéu chudn xét chiéu trong hé cé lap
Trong cdc hé co 1ap, qua trinh xdy ra 1a doan nhiét hay 6Q = 0, vay tif nguyén 1y
II:

-N€u dS > 0 (Sting): qua trinh ty x4y ra
as=20

- Néu Smax : qué trinh dat can bing.
d’S < 0

Thir visn Tirome BE Cr nhom Ko fhusé TE EM
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1.2.5.2. Tinh chat va ¥ nghia thong ké ctia Entropy
e Entropy la thu6c do hdn don clia hé
Trong hé c6 1ap qud trinh ty x4y ra theo chiéu ting sy hdn don cla hé, tic 1a
chiéu ting entropy ( AS > 0).
e Y nghia thdng ké ciia entropy
- Theo Bolzmann :
S=kinQ (1.35)

k - hiing s6 Bolzmann, k = 1,38 10 JK'; 2- s6 trang thdi vi mo Gng v4i mot trang
thdi vi mo.

Vidul.3

C6 mot hé gom mot binh duoc ngdn doi va thong nhau, trong binh chita bon phén
ti khi dwoc ddnh sé>l, 2, 3 va 4. Do sw phdn phéi dong déu cdc phan tit khi trong
binh nén méi ngdn sé ¢6_hai phdn tit khi, tuy nhién cé sdu cdch phdn bé cdc phdn tit
nay vao hai ngdn (goi la vigdn A va ngdn B ) nhu sau:

A /1,2/3 4/1,3/ 2, 4/1,4/2, 3
B /3,4/4102/2, 4/1, 3/ 2,3/1, 4

Vay moi trang thdi vi mo (1, 2, 3, 4) itng vdi'sdu trang thdi vi mo khdc nhau khi
chiing dwoc phdn bé dong déu vao hai ngdn. Doy khi ting sé phdn tit s6 trang
thdi vi mé tdng lén rdt nhanh va entropy ciing tdng theo, nghia la Q dong bién vdi
do hén don.

e Sy bi€n thién entropy clia mot s6 qué trinh thuan nghich
- Qu4 trinh ding 4p hoic ding tich

Tu nguyén ly II:

LT |

T2
ds = R AS = j Cd_T
T 20T
0Q,, = CdT
Né&u hé ding 4p

T2
AS= j cpd—T (1.36)

T1 T
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N&u hé ding tich:
e, AT (1.37)
as= [c, 9- .
s

- Qua trinh dazlng nhiét ( = const) :

Q 1. Q
s = [F-ploe=T

Céc qud trinh chuyén pha nhu qué trinh néng chdy, qud trinh héa hdi 1a cic qud

trinh thuan nghich, ding nhiét, ding 4p nén:

AS. = A;'T (1.38)

D6i véi khi 1y tudng:
trong trudng hgp khi ly téng ta co:

V.
=nRT In-2%
Qr v,
V
= S= . nRIN—2 = nRInﬂ
T V, P,

1.2.5.3. Entropy tuyét doi

Entropy clia chit nguyén chit dudi dang tinh thé haan chinh, 8 khong dd tuyét

ddi bing khong: S, =0.
Tién dé€ nay goi 1a nguyén 1y III clia nhiét dong hoc.

- Xuat phat tir tién dé trén ta cé thé tinh dugc entropy tuyét ddi cla cic chat

nguyén chit & nhiét 46 khdc nhau.

DE tinh entropy S clia mdt chit & nhiét d6 T ndo d6, ta hinh dung chat d6 dugc

dun néng tir khong dd tuyét d6i dén nhiét @6 T & dp sudt khong doi.
Trong diéu kién thuan nghich ding 4p ta c6:

todr
AS=S; S =S = [nC; —
T=0 T

N&u trong qué trinh dun néng cé su chuyén pha (vi du néng chdy, soi) :

R—25 yR— 2% 5| 2% 5] %5 yH_ 55 ,H
'K T T T, T, T
AS=S; -5, =S, =AS +AS, +AS; + AS, + AS;

g S g Emgar e L A SR s SEy e
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Gia tri entropy dudc xac dinh 6 P = 1 atm = const va nhiét 4 T nao d6 dugc goi
1a gid tri entropy chuin, ky hiéu la S? thudng T =298 K va dudc ky hiéu la S2,

1.2.5.4. Sy bi&n thién entropy trong phan ing héa hoc
Khi phdn tng thyc hién & 4p sudt P va nhiét 46 T déu khong d6i thi sy bién thién
entropy AScua phan ng dugc tinh bing:

AS=YSe -3 S, (1.39)

N€&u & diéu kién chuén va 25°C thi:

Asggs = z 8398 (sp) - Z Sggs (tg) (1.40)

Vi entropy S clia chidt khi%4én hon nhiéu so véi chit rin va 18ng, nén néu s6 mol
khi & v€ 2 clia phdn ng 160 hon s6 mol khi & v€ 1 thi AS>0 va ngudc lai. Con
trong trudng hop sd mol khi & haiy€ bing nhau hoic phdn tng khong c¢6 chat khi
thi AS c6 gid tri nhd.

Vidu 1.4
Cho phdn ving:

S0, (k) +50,(K) = 0,(K)

1 .
ASS% = ASS%(SO3) - {5298(502) +§Sggs (02)} =9481IK™ <0

AS <0vi An = 1-(1+0,5) = -0,5 nghia la sé mol khi & vé 2 it hon vé' 1
1.3. THE NHIET PONG
Trong héa hoc thudng khdng c6 hé ¢ 1dp, ma thudng gip hé ding nhiét — ding

4p hoidc ding tich — ddng nhiét. P& c¢6 thé dung tiéu chuin entropy dé xét qué trinh
ta gdp hé€ nghién cttu v6i moi trudng thanh hé co lap:

AS(co lap ) = AS + AS(mt)

Tiéu chuén cta su dién bi€n 1a: AS+ AS(mt) >0
va hé & trang thdi cAn bing: AS+AS(mt) =0

Thir vign Tiwreme BDEH S ohom Ko thudt TR EM
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Pé€ cho thuin tién, ngudi ta dung ham trang thdi thay cho tong s6 AS+ AS(mt).
Ham trang thdi d6 goi la th& nhiét dong.

1.3.1. Thé& déing ap, G
Xét mot hé xady ra sy bi€n d6i § P va T déu khong d6i, trong qué trinh ndy moi
truGng nhan cia hé mdt nhiét lugng AH,,, do hé tda ra, nghia la:

AH,, = -AH,, = -AH

Theo nguyén 1y Il ta c6:

K&t hop hai bi€u thic trén ta sé c6:

AS—$>O:> AH —-TAS<O0

DAy 1a tiéu chudn ty dién bi€n cliahé:
va hé & trang thdi can bing khi:

AH —TAS%0
vi T = const nén T.AS = A (TS) tit d6:
AH -T.AS = A(H-TS)

H va S 1a nhitng ham trang thdi, T 12 thong sO trang thdi, nén (H — TS) cling 1a ham
trang thai.

bit:
G=H-TS (1.41)

G dudc goi 1a th€ nhiét dong ding 4p hodc th€ ding dp (hoic ning lugng Gibbs
hodc entropy tu do).
- Khi T va P khong ddi qué trinh x4y ra theo chiéu c6:

AG = AH-T.AS < 0

- Pat & trang thdi cAn bing khi 4G =0

T »a ;A GO % o gl i I | e 2 ibhaad T ETA
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1.3.1.1. Y nghia vat Iy ciia 4G
D&i v6i qud trinh ddng nhiét, ding 4p thi dP va dT =0, nén :

dGT,P = é“/V,max
AGT,P =W’max

Thé ding dp bi€u thi cong hitu ich clia qud trinh thuin nghich ding nhiét va ding
ap.

1.3.1.2. Th& dang 4p chuén tao thanh AG?

- La sy bién thién thé ddng 4p cliia phdn ¥ng tao thainh mdt mol chit dé tr cdc don
chat vdi diéu kién 13 cdc chit tham gia phdn Gng va sdn phdm phan &ng phai 12 cic
chit nguyén chat § Toarm va giit P va T khong ddi, ky hiéu 1a AGY,.

- Th€ ding 4p chuin tachinh cia cdc don chat bing khong.

- AG 1a ham trang thai né 4G (phan ¢ng thuin) = - AG (phan @ng nghich).

- Th& ding 4p chudn ctia phaning :

AGSQS = ZAG;)QS (sp) =~ Z AGgga (tg) (1.42)
1.3.1.3. Su phu thudc th& AG vao nhiét do
Né&u hé bién d8i thuan nghich va cdng duy nhit:duroc thuc hién 1a cong gidn nd
(nghia 1a hé khong thuc hi€én cong hitu ich) :

dG = VdP — SdT (1.43)

~
)
khi P = const: AAG e
- (Mj ~AS
aT )
J
Thay vao cong thic (1.33) ta c6:
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AG = AH +T(—6(A6)j
oT  Jp

= T(a(ﬁj — AG =—AH
oT s

chia hai v€& cho 7* :

L
oT ), AH

vé€ trdi clia phuong trinh nay bing :
0 (AG)
—| =] =
oT\ T J)p
i(ﬁj _AH
oT\ T ), T?
Thong thudng ta bit gid tri : AGY, va AH? = f(T) = AG? = f(T)

1.3.1.4. Anh hudng cta 4p suat dén 4G

Khi 7 = const:
(@) _v
oP J;
]
1

P2
dG = deP (1.44)
P1

P2
= Gy, — Gy, = [VdP
P1

D3&i vdi chat rdn va 18ng ¢6 thé V = const khi dp suit bi€n ddi (trir mién 4p suat
I6n) nén:

Gsz = G‘Tp1 +V(F,-PR)
D61 véi chat khi, n€u né dudc coi 1a khi 1y tudng thi khi xét modt mol khi ta c6:

V=—
P
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Thay vao (1.34) , 14y tich phan ta c6:

P
Gy, =Gy, +RTIN-Z

néu 4p suat ban ddu P; = latm, nghia 1a tng véi diéu kién chudn Gr,; = G’ ta cé:

G, =GY+RTInP

Vidul.5

Sit dung cdc gid tri enthalpy tiéu chudn tao thanh (AHfO) va entropy mol tiéu chudn
(4S°) dua ra trong béng dudi day, tinh cdc gid tri nhiét dong hoc dé dot chdy hoan

toan etanol theo phdn ting dot chdy:

CoHsOH(K) + 30,(k) — 2CO,(K) + 3H,0(K)

Hop chﬁ’t‘ AH? (kd/mol)
C,HsOH(g) | -234
CO,(g) -394
H,O(g) _ -242

02(9) 0

Gidi

a) Su thay ddi enthalpy tiéu chudn, (AH®)

AH =% VpAHfO(sdn phdm) - X v AHP(chdt phén ung)

AH® = ((2x (-394)+(3 x (-242)) - ((1x (-234)+(3x 0)) kJ /mol

AH® = (-1,514) - (-234) kJ/mol
AH® = -1,280 kJ/mol —1,28 x hodc kJ /mol
b) Suw thay d6i entropy tiéu chudn (AS°)

AS° = 3 v ,S%(sdn phdm) - X v ,S°(chdt phin iing)

16

AS® (J/mol K)
283
214

189
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AS? = ((2x 214)+(3 x 189)) - ((1x 283)+(3x 205)) J/mol K
AS® = (995) - (898) J/mol K

AS° = 97 J/mol K hogc 0.097 kd/mol K

C) Sit dung cdc gia tri tir a, va b, & trén dé tinh AG® & 298K
AG® = AH® — T.4S°

AG® = (-1,280 kJ/mol) - (298K)(0,097 kJ/mol K)

AG® = (-1,280 kJ/mol) - (28,9 kJ/mol)

AG® = -1,309 kJ/mo! hodc -1.31 x 10° kd/mol

d) Phdn itng xdy ra dove thoi tai 298K & diéu kién tiéu chudn?
(AG° <0 ) phdn itng xdy ra

1.3.2. Thé hod, u

Ta mdi xét su phu thudc cia G vasZ va P, chua xét sy phu thudc cua G vao su
bi€n d8i thanh phan cda hé, nhu khi phiwing lugng chat tham gia gidm, con lugng
chat tao thanh ting hoic sy chuyén chi't ti pha ndy sang pha khéc.

Xét hé gom i chdt 1, 2, 3 .., i v6i s6 mol t0idng Gng 1 n;, ny, ns.., n;. ThE nhiét
dong G khong nhitng khong phu thudc vao 7, P maa con phu thudc vao n,, ny, n;...,
n;:

G =G (P,T,I’lj,l’lz,l’l_g....l’l,')

= dG = (@j dT + (a—j dP + (ﬁj dn, + [ﬁJ dn, +
T Jon oP )1\ on, S on, P2

+[§] dn3+...+(§] dn,
on T.P.nj=3 on, T.P.nj=i

~ > N A g ~ . Y 2 N LG
chi s N chi rang n;. n,, n;, ..n; 1a khong ddi, chi s6 n; =i chi rdang chi c¢6 n; la bién

déi.
Ei =H = [ﬁj
ani T,P,nj=i

dat:
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ta co:
dG <VdP — ST + ) s,dn,

vay:

Z/Ui dn, = oW’
Nghia la Zyi dn. 1a mot dang cong hitu ich dugc goi 1a cong hoa, trong d6 g4 1a dai
lugng cudng do. g4 la do ting kha nidng sinh cong hitu ich cia hé khi thém mot

lugng vo cling nhé i vao hé trong diéu kién P, T va s6 mol clia cdc chit khéc 1a
khong ddi, 44 dugc tinh cho mdt mol chat.

1.3.2.1. Mot so tinh chit quan trong cua thé héa
- N&u hé chi gdm mot chat thi th€ héa chinh 1a thé ddng 4p cda mot mol chat va

c6 thé viét:
(@j :(5_%‘} _v
P ). \op);

Uy = u2 + REmP (1.45)

ddi véi 1 mol khi:

trong d6 0 - th&€ héa chudn clia 1 mol khtly tudng & nhiét d6 T nghia 13 4p suat
latm.

- N&u hé 12 mdt hdn hdp khi 1y tudng cé dp suittdng cong 1a P thi 4p suit riéng
phan cda khi i trong hén hgp 1a :

Hoa th€ clia khi i trong hdn hgp:

Hir = ,Ui(% +RTIn(N;P)

- Tiéu chuin tu dién bi€n va gidi han clia qud trinh héa hoc va chuyénpha 6 P, T
khong ddi 1a:
z,ui dn <0

Da&i véi phan ting héa hoc trong diéu kién ddng nhiét ding dp:
D 4 (tg) > > 44;(sp) : Phdn ting ty dién bi€n (ti¥ trdi sang phéi).
Né&u: Y u(tg) =D s (sp) , phdn wing & trang thdi cin bing.

Thir vign Tiwreme BDEH S ohom Ko thudt TR EM
18 I Hir vien [ Fegrhg S0 S0 pRamt Sy thinat 100

http:/www. thuviensplkt.ediu. va




1.4. CAN BANG HOA HOC

Trong cic hé ding nhiét ding 4p, n€u qud trinh ty x3y ra sé kém theo sy gidm
clia th& ddng 4p va khi hé dat trang thdi cAn bing thi G dat gia tri cuc ti€u.

Khi phidn tng héa hoc x4y ra s& 1am thay ddi thinh phan hdn hgp phin tng va
khi phan ng dat cAn biing thanh phin nay s& dat d&€n mot gid tri khong ddi, dudgc
dic trung bSi hiing s6 cin bing (HSCB), K,

Vi du phdn iing:
N2 + 3H2 = 2NH3

G 25°C, HSCB theo 4p sudt:

2

P
b= = 6,31.10° atm”
P.P:

. C;
Theo ndong do: K. = Lsz 3,77.10'2.12mol'2

Nz ~Hs

Phan tng héa hoc x4y ra theo chiéu néo ciing 1am cho ty 1& chat thay ddi d€ dat
dugc gid tri hing s6 cin bing.
1.4.1. Quan hé giita th& dang ap va hiing so ¢an bing

Ap dung tinh chi't ctia héa thé, ¢6 thé tim dugc mat quan hé giita thé ddng dp va
hiing s6 cAn bing clia phdn Gng.
1, Phuong trinh ddng nhiét Van’t —Hoff.

Xét phan tng trong hé khi 1y tudng trong diéu kién ding nhiét va diang 4p:

aA+ bB = dD

Thé ding 4p AG; va héa th€ clia cdc chit tham gia phdn ¥ng va san phdm phan
tng c6 mdi quan hé:

AGr=dup - apy - bug (1.46)
va dung tinh chat thif nhat cda hda thé:

Hi :;UiO(T)"' RTInP

Thir vign Tiwreme BDEH S ohom Ko thudt TR EM
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Thay cdc thanh phin vao (1.36) va riit gon ta thu dugc biéu thiic vé mdi quan hé
gitra AGr va Kc:

AG, =AGS +RTInz, (1.47)
d
pa _
" PR

Ping thic (1.47) dudc goi 1a phuong trinh Van’t — Hoff
AG? =dul —au® —bul goi la bién thién thé ding 4p chudn, bing AG clia phin tng
khi 7p = 1.

Khi phdn tng dat cAn biang thi AG;=0
do vay:
AG? = —RT In(7,)., (1.4 8)
AG?
RT

= ln(”P)cb ==

V& phdi clia phuong trinh chi phithudc vao nhiét d6 nén (r,), cling chi phu thudc

vao nhiét do va dudc dinh nghia 13 hing s6 can bing.

Pd
Ke =(7p)a :(Pa_;bj
A, B Jeb

hing s6 K, ciing chi phy thudc vao nhiét do.
Khi AG? tinh bdng cal thi :

AG? =-4575IgK , (1.4 9)

Tu phuong trinh (1.47) va phuong trinh (1.4 8) ta co:

AG; =-RTInK, +RT Inz,
AG, = RT |n’é—'° (1.50)

p
Trong phuong trinh (1.50) AG va AG’ dugc tinh biing J v6i R = 8,314 J.K'

Céc phuong trinh (1.49) va (1.50) 1a c4c phuong trinh ding nhiét ciia Van’t — Hoff.

St dung phuong trinh (1.50) d€ xét chiéu phan ng:

Phdn vng ddng nhiét ddng dp:

- Néu 7, < K, Phdn tng thuan x4y ra

T, - TR SR G, SRR % r o | SO | LT LR A TOY YN
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- Néu 7, > K, phédn tng nghich x4y ra
-Néu 7z, = K,, phdn ting dat cAn bing.

1.4.2.

Trong d6: An = d—a—b.R=0,082 atm.l.K' .mol""

1.4.3. Can biing héa hoc trong hé di thé

Céc loai hiing so cAn biing

Hing s6 can biing ndng do6 mol (ndng dd mol/l), C;:

Hing s6 can biing phan mol, x, =

d
K, =| —®
X XaXb
A*B /b

Hiing s6 can bing §6.mol:

d
K, =| -
n nanb
AT'B S

Cédc mdi quan hé cla cdc hing s6 cén bing:

Ko =K (RT)™ =K,.P" = Kn(

(1.51)

; n, 12 s6 mol cdc chat.

(1.52)

(1.53)

(1.54)

Trong thyc t& thudng gip cdc phan Gng x3y ra trong cdc hé di thé, cic ciu ti c6
thé€ nim & cdc pha khic nhau. N&u xem cdc pha déu 13 1y tudng thi déu c6 thé bi€u
dién héa th€ trong pha khi dudi dang:
- P6i v6i pha khi:

U :,ui0+RT|nF’i

- P6i v6i pha 16ng va pha rin:

= +RTInX

Hiing s6 cin biing c6 dang:

KP,X = (ﬂ-P,x)cb

21
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1.4.4. Ap suit phan li
Céc phdn tng di thé rin — khi (r — k) ma pha khi chi gdm c6 mot pha khi, pha
rdn khong tao thanh dung dich rin.
Vi du phan tng:
CaCO; (r) = CaO (r) + CO, (k)

Ke = (PCOZ)cb

Hiing s8 cin biing chi c6 mot khi do phan li tao thanh. O mdi mot nhiét do xdc
dinh, 4p suat phan li c6 mdt gid tri x4c dinh. Moi sy phan li déu thu nhiét (AH > 0),
do d6 khi nhiét do ting 4p sudt phan li ting.

1.4.5. Cic yé&u té anh huéng dén cian biang héa hoc
e Céic yé&u t6 nhict do, dién tich b& mit phan chia trong phdn tng di thé, su
thay d8i 16n clia @p suit 4nh hudng dén Kp va K..
e Cic yé&u td khong M thay ddi hing s6 cAn bing nhung 1am thay d6i thanh
phan hdn hgp cAn bang (lam thay dbi cdc hiing s6 can bing, K,, K,,), dic biét
khi & 4p suit cao.

1.4.5.1. Anh hudng ctia nhiét do détvhiing s6 can biing
TU phuong trinh ding nhiét Van’t — Hoff"

AG® = —-RT InK,,
va phuong trinh Gibbs — Helmholtz:

0 [AG°) _ AH°
or\ T ), T?

k&t hdp hai phuong trinh trén ta c6:

AH?
(angPJ _ (Cal)2 (1.55)
or ), 4576T

Phuong trinh (1.45) dugc goi 1a phuong trinh ding 4p Van’t — Hoff, md td 4nh
hudng ctia nhiét do dén hiing s can bing Kp.
Trong thuc t€ 4nh hudng clia 4p sudt d€n AH va Kp khong dang k€ nén c6 thé thay
AH°biing AH va dung vi phin toan phin:

dinK, AH
dT  RT?
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- Truong hgp phdn tng thu nhiét, AH > 0 thi dinKp / dT > 0. Khi nhiét d0 ting, gid
tri K, ting 1am phan ¢ng chuyén dich theo chiéu thuin. Nghia la chuyé€n dich theo
chiéu thu nhiét d€ 1am gidm hiéu qua cla viéc ting nhiét do.

- Trudng hdp AH < 0, thi dinKp/dT < 0, khi nhiét do ting, K, gidm, phdn Ung
chuyén dich theo chiéu nghich, nghia 13 vin theo chiéu 1am gidm hiéu qua cia yé&u
t0 tdc dong bén ngoai.

1.4.5.2. Anh hudng ctia 4p suat dén can biing héa hoc

Theo mdi quan hé ciia hiing sd cin bing:

Ko =K, Py’

vi dp sudit khong dnh hudng dé€n K, nén:
- Né&u A, > 0 : khi fing P thi K, gidm, cin bing chuyén dich tir phdi sang trdi clia
phuong trinh phan tng.
- N€u A, <0 : khi ting ap suat chung cta hé 1én thi K, ting, tic 12 cAn bing bi
chuyén dich tir trdi qua phai.
-N&u A, =0, 4p suat khong lamehuyén dich cin bing.

1.4.5.3. Anh hudng ctia ndng do dén'ean biing héa hoc
Xét phan dng:
C(gr)+ COy(k) 2CO (k)

[cof
“e " [co,]

- N&u ting néng d6 CO, (chAt tham gia phan ng) thi cAn biing s& chuyén dich
sang phai tao ra thém CO (sdn phdm phan ng) d€ gift K. = const.

- Ly luan tuong tu cho cdc trudng hop gidm ndng do chit tham gia phin @ng va
ting hoic gidm ndng dd san pham phan ng.

1.4.5.4. Nguyén ly Le Chantelier

Khi mot hé dang & trang thdi cAn biing, n€u ta mudn d6i mot trong cic thdng s&
trang thdi cia hé (nhiét do, 4p sudt hodc ndng dd) thi cin bing s& bi chuyén dich
theo chiéu chdng lai sy bi€n d6i do.

Vidu 1.6
Gid tri AG® @6i vdi phdn ving Haber, 3Hy(k) + Ny(k) — 2NH;y(k), ¢ 25 °C bing -
32,3 kJ mol’.

23 Thue vign Treong BH Su pha

hitp:ymmww. thuvienspkt.edi. va




a) Xdc dinh hdng s& can bang, Keq doivdi phdn iing & 25°C.

b) Gid tri AH’ biing — 92,2 kJ mol ' va gid tri AS” la =201J mol K. Gid sit gid
tri AH’ va AS° khéng thay déi véi nhiét do, xdc dinh AG® d6i vdi phdn ing &
475°C.

c) Xdc dinh gid tri K,, doi véi phdn vng & 475°C.

d) Tainhiét dp nao lugng NH; sinh ra nhiéu hon, & 25 °C hay 475 °C?

a) AG’ = -R.T. In(Keq )

-32,300 J mol™ = -(8,31 J mol™ K™) x (25+273K) x In(Keg)
13,0 = In(Keg)

Keq = 442 x 10°

b) AG® = AH® — T.4S"

AG® =-92,200 J mol™ - (273°+ A75)K x (-201 J mol™* K™)
AG° = 58,1 x 10° J mol™

c) AG° = -R.T.IN(Keq )

58,1 x 10° J mol™ = -(8,31 J mol™* K™) x (47§4273K) x In(Keq)
-9,35 = In(Keg)

Keq = 8,70 x 107

d) Keq & 25°C: 442 x 10°

Keq & 475°C: 8,70 x 10

Nhu vdy, san phdm NH; sinh ra & nhiét dé thdp nhiéu hon.

1.5. AP DUNG PINH LUAT NHIET PONG HQC THU NHAT TRONG MOI
TRUONG
DPé& 4p dung dinh luat nhiét dong hoc thit nhat trong mdi trudng, chiing ta cAn phai

xac dinh dugc cac van dé sau:

e Xdc dinh ré hé thong nghién ciiu

- Pham vi va gi6i han cia hé thong (pham vi nhé: dong co 6 t0, nha mdy nhiét
dién, nha mdy dién hat nhan..Pham vi 16n: mang tinh ch4t vang, khu vuc va toan
cau).
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e Ranh gidi ctia h¢ thong nghién ciiu
- Hé thong md: ning lugng hay vat chit c6 thé lot qua.
- Hé thong d6ng: ning lugng hoic vat chdt khong thé thé lot qua.
Hé thdng d6ng chi 1a cdch néi tuong d6i vi khong thé ngin cich tuyét ddi ning
lugng hay vat chit lot qua ranh gidi cia hé thong. Tir dinh luit bdo toan ning lugng
ddi v6i mot hé thong bat ky c6 thé viét:

N:iing lugng vao = Ning lugng ra — Su thay ddi néi ning  (1.56)
trong d6 ndi ndng la ning lugng du trit trong hé.

Trong hé thdng mdi trudng ching ta dang nghién cttu sy bi€n d6i nodi ning 1a su
bi&€n ddi nhiét dd. Su bi€n ddi ndi ning clia modt chat ndo d6 c6 trong khdi 13 m sé
lam bi€n ddi nhiét dd ciia chat d6 1a AT, dugc bi€u dién theo biéu thic:

Bién d6i noi niang = mC. AT

e Heé s6 ty nhiét C khong doi trong khodng nhiét d6 xem xét, mit di trong
thyc t&€ C thay ddi nhung khéng ddng ké.

e Vit chit khong bi€n ddi thé (pha): nudc héa hdi, chat rin bi€n thanh chat
16ng....

- Ning lugng can thiét d€ chat bi€n d6i tir the xin sang thé 16ng dudc goi 1a nhiét
héa 18ng; ning lugng can thi€t dé tir thé 18ng bi&n thanh thé hdi goi l1a nhiét hda
hoi. Hinh 1.2 miéu td khdi niém vé nhiét lugng bién thé d6i v6i nudce:

Bi&n thé ciia vat chi't dugc viét dudi dang:

Bién thanh noi niang ( dung cho bién thé) = mH,

trong d6: m = khdi lugng
H, = nhiét lugng bi€n thé - nhiét &n.
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NO1 ndng
(kJ/kg) Hoi /

|

Nhiét 4n boc hoi
2258 kJ/kg
/l—Léng
boéng / Nhiét 4n déng bing
bamge 1 333 kJ/ke
| |
0°C 100°C Nhiét do

Hinh I'2. Nhiét lugng bi€n thé clia nudc

1.6. AP DUNG PINH LUAT NHIET PONG HOC THU HAI

TRONG MOI TRUONG

Trong thyc t&€ cdc ddng co cla cdc phuong tién giao thong, cdc nha mdy nhiét
dién.., ning lugng st du dé€ sinh cong hodc sdn xuat dién chi chi€ém mot phan va
ludn ludn thdi ra mdi trudng phan nhiét du.

Dinh ludt nhiét dong hoc tha hai c6 thé phat bi€u mot cach khic 1a: khong thé ¢6
mdt chi€c may ndo c6 hiéu suat 100% hay 1a khong ton tai dong cd vinh cttu, bao
gid cling c6 mdt phan nhiét thai ra hay c6 su “ ton that” ning lugng.

So dd nguyén ly hoat dong clia mot dong cd nhiét 1y thuyét hoat dong giita hai
ngudn nhiét (Hinh 1.3), mot ngudn cé nhiét dd T, cao va mot c6 nhiét dd T, thap
hon. Mdt lugng nhiét Q, dudc chuyén tir ngudn nhiét dd cao téi dong co nhiét.
DPong cd sinh cong A va thdi ra lugng nhiét Q, vao ngudn nhiét c6 nhiét do thap:
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Ngudn nhiét cao
T,

On

DoOng

cd nhiét > Cong, A

: 0,, nhiét thii

Ngudn c6 nhiét do
thap, T,

Hinh 1.3. M6 hinfibiu dién dong co nhiét

Hiéu sult clia dong co dugc xdc dinh bang 4y s6 gilta cong sinh ra bdi dong co véi
lugng nhiét chuyén t6i dong co tir ngudn nhiét do.cao:

_ A 1.5%
n o (1.5%)

Thong qua qua trinh nghién cttu dong c6 mang tén Carnot. Sadi Carnot da tinh
dugc hiéu suat t6i da ctia mot dong cd nhiét nhu sau:

U — 1- L
Th

T.va T, dudc do bing nhiét do tuyét doi,K .
C6 thé thdy ring Nhiét do ngudn cAp cang cao (T}) thi hiéu sudt dong co cang
16n.

Vidul.7

Nhiét & 18,7 x 10° Btu/ h truyén tix khi théi ciia mot mdy dot rdc. Tinh nhiét do 167
ra ciia dong khi cho biét:
Nhiét dung trung binh, c,, ciia khi = 0,26 Btu/(b. OF)
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Téc do dong khoi luong ciia chdt khi, m = 72,000 Ib/h
Nhiét d¢ 167 vao ciia khi, T; = 1200 °F
Bai gidi:

Pinh ludt thit nhdt ciia nhiét dong hoc phdt biéu rang ndng luong duoc bdo toan.
D61 véi hé dong chdy dnh hudng ciia ndng luong thé’ va dong hoc khéng ddng ké,
ndang luong truyén Q téi hodc tit méi truong dong chdy dugc biét bdi su thay doi
enthalpy, AH, ciia moi truong. Enthalpy ciia chdt I6ng va hdu hét khi thuc ludn luén
gid thiét phu thudc vao nhiét do riéng biét. Sy thay doi enthalpy la do nhiét do thay
doi doi vai vat chdt cé mot pha c6 thé tinh tix phuong trinh:

AH = mc,AT
hodic AH’ = m’c,AT

trong do:
AH = sy thay doi enthalpy
m = khéi luong cia moi irong dong chdy
¢, = nhiét dung trung binh iréw mdi don vi khéi lugng méi truong dong chdy di qua
vieng nhiét dj cia AT
AH’ = su thay doi enthalpy theo don Yisthoi gian
m’ = téc do dong khoi luong ciia méi tridng dong chdy
BPinh ludt bdo toan ndng lugng déi voi chdtkhi nhiét do 167 ra Ts:

Q' = AH’ = m’c, AT = ni'e,(T,-T))
trong dé Q’ la tdc dé truyén ndng lugng:
I, =[Q/(m’C,)] + T,
Nhiét dj 167 ra ciia chdt khi sé bing:
T, = [ -18,7 x 10° /{(72000)(0,26)}] + 1200 = 200 °F

Phuong trinh trén la dya trén cdc diéu kién dodn nhiét, nghia la toan b nhiét
duogc truyén tir dong khi. Cdc bo phdn duoc gid thiét la cdch nhiét hoan toan sao cho
khéng bi truyén ra moi truong xung quanh. Py la mot dieu khong thé cé trong thic
té.

Khi cén bing khoi luong, su cdn bdng enthalpy cé thé tién hanh bén trong bdt ky
bién gidi xdc dinh. Vi du, cdn bdng enthalpy c6 thé dp dung qua toan b mot bo
phdn hodic cd qud trinh. Enthalpy ciia dong khi dua vao cdn bdng vdi enthalpy ciia
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dong khi sdan phdm cong vdi lugng nhiét bi mdt ti qud trinh. Enthalpy phdi dugc tinh
trén co so cung mot nhiét do.

1.6.1. Qu4 trinh din nhiét va doi luu
Truyén nhiét tir vat cé nhiét d6 cao sang vit c6 nhiét do thap c6 mdot sd cich
truyén nhiét sau
e Truyén nhiét bing din nhiét
- Thudng x4y ra trong vt rin. Luong nhiét truyén trong vt rin ty 1& thuan véi hé
s6 din nhiét ca vat thé (kim loai c6 hé s6 din nhiét 16n nhat, vat liéu xay dung
c6 hé so6 din nhiét bé).
e Truyén nhiét bing d6i luu
- X4y ra giita cdc chat 16ng, chit khi hay giita chdt 16ng — chat khi — ch4t rin.
e Truyén nhiét bing biic xa
- Nhiét truyén giffa’hai vat c6 mot khodng cach nao do.
Ddn nhiét, va déi linidudec mo ta bdi qua trinh truyén nhiét qua mot bic tudng 1y
tudng nhu sau:

q=2 T —To) (1.58)
R
trong do:
g = lugng nhiét truyén
Tp, T, = nhiét d6 ctia khong khiwa nhiét dd cia mat tudng hodc ngugc
trg lai

R = nhiét trd cia bé mit tudng
a = dién tich cia mit tudng
Truyén nhiét bing biic xa: bitc xa mang nhiét lugng ¢ dic diém 1a buéc song cla

né dai hon so véi cdc loai bitc xa khdc nhu séng radio, tia X,... Moi vat thé c6 nhiét
do cao hon 'K déu c6 thé phdt ra bdc xa nhiét. Pé xdc dinh mot vat thé phat ra bao
nhi€u ndng lugng bic xa va budc séng bitc xa doé la bao nhi€u, ngudi ta thudng so
sanh v4i vat den tuyét d6i hay vat den ly tudng. VAt den tuyét doi 1a vat thé c6 kha
niing bifc xa t6t nhat cling nhu khad ning hip thu bifc xa t6t nhat. Khi c6 mdt ning
lugng bic xa truyén dén vat den tuyét ddi, bitc xa dé sé& bi hap thu hét, khong c6
hiét tugng phdn xa bifc xa va xuyén qua. C4c vat trong tu nhién déu hap thu va bic
xa nhiét nhung kém hon vat den 1y tudng G cing mot nhiét d6 nhu nhau dugce goi la
vat xdm. Tdng ning lugng bitc xa phat ra cia mot vat den tuyét ddi cé dién tich bé
mitla A va nhiét d6 tuyét doi la T dugc xac dinh theo dinh luat Stefan — Bolzman :

E = caT* (1.59)
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trong do:
E= t()qng bitc xa cta vat den tuyét doi phéat ra (W)
o = hiing s6 Stefan — Bolzman = 5,67 19°° W/m’ °K’
T = nhiét do tuyét doi cia vat thé (°K)
a = dién tich bé mit vat thé (m’)

Ty 1& giita lugng bitc xa clia vat thé thong thudng va vat den tuyét ddi dudce goi
1a ty sud't bitc xa (&). Ty suit biic xa khong phu thudc vao mau sic clia vat thé.

Do dai buSc séng bifc xa nhiét ing v6i cudng dd bifc xa 16n nhat dude x4c dinh
theo quy ludt phan b6 clia Wien:

2898
A m) = 1.60
max (4M) TOK) (1.60)
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; Chuong 2 . ;
BAO TOAN KHOI LUONG — CAN BANG VAT CHAT
TRONG HE THONG MOI TRUONG

2.1. BAO TOAN KHOI LUGNG TRONG HE THONG MOI TRUGNG
2.1.1. Co ch€ cua chit rin

Bdo toan khoi lugng 1a khdi niém cd bdn clia vat Iy cing v6i bdo todn ning
lugng va bao toan dong lugng. Trong mot pham vi nghién ctu, dinh luit bao toan
khdi lugng phdt bi€u ring ludng khdi lugng giit nguyén khong ddi — khdi lugng
ho#ic khdng dudc sinh ra hodc khong bi mat di.

Khdi lugng (m) ctia bat ky mot vat thé nao cé thé dude xdc dinh bing cach nhan
thé tich ( v) vat thé v6i mat dod (p) clia né:

m=Vxp (2.1)

Hinh2.1. Cd ché€ ciia ¢chat rin

Khi ta di chuyén mot vat thé rin (H.2.1), vat thé @itk nguyén hinh dang, mat do
va thé tich. Do vay khdi lugng cia vat th€ khong thay doi gifta a va b.

2.1.2. Tinh hoc ciia chit 16ng

& — — -

Hinh 2.2. Cd ché cta chat16ng

Xem xét mot lugng chat 1dng tinh (chi't 1dng cda chat khi), n€u thay ddi tif trang
thdi “a” t6i trang thdi khdc “b” cé thé thiy ring khong gidng nhu chit rin, chait
16ng c6 thé thay d6i hinh ddng (H. 2.2). Tuy nhién lugng clia chat 12 khong ddi.
Ludng cda chit 1éng dudc xdc dinh biing tich s& clia mat do va thé tich. Vi khoi
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lugng khong ddi nén mat do va th€ tich ciing khong d6i. RS rang ring, hinh ding
thay ddi nhung kh&i lugng dugc gilt nguyén.

2.1.3. Pong hoc chat 16ng

-

Hinh 2.3. M6 hinh dong hoc chdt 16ng

Su thay d8i ctia chidt 16ng khi di chuyén tir a t6i b (H. 2.3), khong c6 su tich liiy
hoic thi€u hut khoi luéng. Gid s lugng clia chat 16ng di tir a trong mot thdi gian z.
N&u chat 16ng qua dién tich.A & tdc @6 v, thé tich chit16ng (V) s&1a :

V = Ax vxt (2.2)

(dién tich x quiang dudng / thdi gian x thdigian = dién tich x quing dudng = thé
tich. Nhu vay khoi lugng & di€m “a” 12 m a bang:mAt d6 r nhan véi thé tich tai a:

ma = (r x Axvxt)a (2.3)
Né&u nhu so sdnh dong chdy qua di€m khéc trong viing nghién citu, diém “b” ddi
v6i cung lugng thdi gian ¢, khoi lugng tai b 1a mb s€ bing :
mb = (r x Axv*t)b (2.4)
Tu dinh luat bdo toan khdi lugng, hai khdi lugng ma va mb 1a bing nhau :
(rx Axv)a=(rx Axv)b (2.5)

vay : rx AxV = hiing s6
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Dinh luit bdo toan khdi lugng cho phép dé dang xdc dinh toc do clia dong chay
trong 6ng néu nhu mat d6 12 mot hiing s6. N&€u c6 thé xéc dinh (hoic dit) toc do &
mdt vai dién tich da bi€t, phuong trinh s& cho biét tdc do doi véi mot dién tich bat
k3.

2.1.4. M6t s6 vi du 4p dung bao toan khdi lugng
Vidu2.1

Mt dong khi bén ngoai dugc dua vao thiét bi kiém sodt 6 nhiém khong khi véi toc
do 10,000 Ib/h trong sy c¢6 mdt ciia 20,000 Ib/h khéng khi. Vi yéu cdu doi hdi ndng
Iuong ciia thiét bi, nguoi ta thém 1,250 Ib/h tdc nhdn diéu kién & thé hoi dé tro giiip
xit Iy dong khi. Xdc dinh téc dé chdt khi tao ra theo don vi pound trong méi gio. Gid
sit diéu kién trang thdi 6n dinh:

Gidi:
DPinh ludt bdo toan «hoi luong cé thé dp dung cho bt ky qud trinh ciia hé. Dang
téng qudt cua dinh ludt I

Khoi lugng tich luy = khoi liring vao — khoi luong ra + khoi lugng sinh ra (2.6)
Ap dung dinh ludt bdo toan khdi lugng tho thiét bi kiém sodt :

Téc dp khoi luong vao — Toc dp khoi lugngra + Toc dp khoi luong sinh ra = Toc
do khoi lugng tich liy. (2.7)

Viét lai phuong trinh theo cdc diéu kién ciia bai todn:
Téc dp khoi luong vao = Toc dp khoi luong ra (2.8)
hodic: mi, =m oy, (2.9)

Chii ¥ rdng khoi luong khdng sinh ra va diéu kién vitng bén (khdng cé tich liiy) duoc
dp dung.
Theo dé bai:

m;, = 10,000 + 20,000 + 1,250 = 31, 250 Ip/h

Xdc dinh my,, téc dé dong khi sdn phdm
Vim i, =m
m o = 31,250 Ib/h
Pinh luit bdo toan ddi véi khoi lugng c6 thé viét cho bat ky hdp chit ma lugng
clia hgp chat khong thay ddi bdi cdc phin tng héa hoc va cho bat ky mot nguyén
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t6 héa hoc dii né c6 tham gia trong phan tng héa hoc hay khong. Dinh luit c¢6 thé
vi€t cho mot phin cida thi€t bi trong nhiéu phan khic hoic trong toan bd qué trinh.
Pinh luit c¢6 thé st dung tinh todn lugng chua bi€t mot cich truc ti€p, d€ ki€m tra
dd tin cay cla s& liéu hoic dién dat mdt hodc nhiéu mdi lién hé doc 1ap bao gdbm
lugng chura biét trong cdc tinh hudng clia thyc té.

Vidu 2.2

Xdc dinh phan tram dong chdy ciia mot con séng cé thé sit dung lam mdt cho mot
qud trinh sdn xudt nao dé sao cho nhiét dj ciia dong soéng khong tang lén qud 10°F.
sau khi hoi luu, 50% nudc lam ngudi bi bay hoi va nudc chdy lai vao séng cé nhiét
dé 1a 60 °F néng hon nhiét do ciia nudce song.

Giai:

Qud trinh sit dunglong chdy nudc séng dé lam ngudi tuong ting voi cdc diéu kién
dua ra dugc minh hodstrong Hinh 2.4 va 2.5 dudi ddy. Thé tich dong chdy sau khi
lam ngudi bi mdt la q,,s Ve thé tich dong chdy vao la g, . Ta sé co:

q10st = 0:5 q:’n

Nhiét dj ciia dong song T,,, sau khi‘dong lam ngudi quay trd lai sé bang nhiét do
ban dau T, coéng véi nhiét dé ciia dong chdy sau khi lam ngudi cho qud trinh sdn
xXudt:

Toui =T, + 60°F

Nhiét dé yéu cau ( T,y,) nudc séng can phdi dat:
Tyin =T, + 10°F

Sit dung dinh ludt bdo toan khéi lugng biéu dién qud trinh dong chdy ra theo qud
trinh dong chdy vao :

Gour = 0:5qm
Qbyp = Qup - qm
qmix = CIup - 0,5qm
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Giost

Gout
Tout

Qup Qbyp Qmix
Tup Tup T mix

Hinh 2.4. Mo hinh theo cdc di€u kién clia bai todn lam ngudi

0.5 gin
> S Jin
qin T,, + 60
T,
- >
QMP QMp - in QMp - 0:5 din
T, T, T, + 10

Hinh 2.5. M6 hinh sau khi can bing khdi lugng

Cdn chii ¥ rang enthalpy ciia bdt ky dong chdy nao ciing cé thé dugc viét theo
cong thiic:
qCo p(T— Ty

va cdn bdng ndng lugng xung quanh diém hoa trén phia dudi dong chdy la:

( CIup - Qm) Cpp( Tup - Tref) + 0:5 din CPP( Tup + 60 - Tref =
= (CIup_ 0,5 %n) Cpp( Tup + 10 - Tref)-

T, la mot gid tri tuy ¥. dt T,.p = 0 va gid sit mdt do va nhiét dung khong doi :
( qup - QM) Tup + 0:5 din ( Tup + 60) = ( CIup - 0:5 Qm) Tup +]0)

C6 thé gidi phuong trinh nay doi voi dong chdy thé tich tdi cdc qud trinh dé lam mdt

theo dong chdy ban ddu:
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Gup Tup = Gin Tup + 0,5 qin Ty, + 30 gy
=qup Tup + 10 qup— 0,5 qin Typ — 5 Gin
=35qi, =10 q,

qin = 0,286 q.,

Do vdy 28,6 % dong chdy ban ddu, q,, c6 gid tri dé lam mdt cdc qud trinh sdn xudt
cong nghiép.

2.1.5. Hiéu suat thu gom

Hiéu suit thu gom 13 do mitc dd hoat dong cla thiét bi ki€m sodt. N6 dic biét
quy cho mitc do loai bd chit & nhiém .

Theo bdo toan khdi lugng, phuong trinh trinh bay hiéu suit thu gom E bing sy
tdi vao va taira:

E = tai vao — tai ra )/ tai vao (2.10)

2.1.6. Hi¢u suat thu gép toan bo

Nhiéu hé thong clia qud trinh-doi hdi nhi€u bo phan cda thi€t bi hoan tAt nhiém
vu dudc giao, vi du lam sach cdc ¢hdt khi hodc chit 6 nhiém rin tir dong chdy.
Hiéu sudt cia mdi mdt may thu gom hoic thi€t bi cé thé tinh bing cich st dung
phuong trinh tinh hiéu suat (2.70). Hiéu suit tong cdng cla nhiéu bd phin thu gom
ciing c6 thé tinh tir dong chdy vio téi bd piin thi nhat va dong chdy ra qua mot
loat cdc bo thu gom.

Vidu2.3

Mot cyclone dugc sit dung dé thu gép cdc hat bui véi hiéii sudt 60%. Mot mdy loc
dugc sit dung nhu la thiét bi kiém sodt thit cdp. Néu hiéu sudt tong cong la 99%, xdc
dinh hiéu sudt hoat déng téi thiéu ciia mdy loc khi thdi.

Gidi

Tinh khéi lugng cdc hat ra khéi cyclone bang cdch sit dung 100 Ib ciia cdc hat di
vao thiét bi.
Sit dung phuong trinh hiéu sudt:

E=(Wy,-W,)/(W,)

trong dé: E = hiéu sudt phdn doan
W = su tdi vao
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Scp xép lai phuong trinh trén va thay cdc dit liéu da cho ta dugc:
Wout = (]'E)(Wm) = (]' 0,6) (]00) = 491b

Tinh kho'i luong hat roi mdy loc biing cdch sit dung hiéu sudt tong cong 99,0%
W, =(1-E)(W,)=(I-0,99) (100) = 1,0 Ib.

Tinh hiéu sudt mdy loc bang cdch sit dung W, tic cyclone nhu la W;, cho mdy loc.
Sit dung ciing phuong trinh trén va chuyén thanh phdn tram hiéu sudt:

E=(W;,,~W, (W) = (40-1,0)/(40) = 0,975 = 97,5%
Trong kiém sodt chdt 6 nhiém, su truyén qua, P dugc dinh nghia:

P = 100 — E ( phdn trdm co bdn)
P = 1- E( co sd phdn doan)

Chii ¥ rdng c6 su tang gap 40 ldan trong P khi E di tir 95,0 dén 99,0 %. Do6i véi day
gom n bo thu gom. Sy truyén qua toan bé sé bang:

P=P,P, .. BuP, (2.11)

2.2. CHUYEN POI VAT CHAT TRONG HE THONG MOI TRUONG
2.2.1. Can biing vat chat
Theo dinh luat b3o toan vat chat thi khi c6 mot phdn ing héa hoc x4y ra, chat
nay mat di thi phai sinh ra chit khac, vat chit khong bao gid mat di ma chi chuyén
héa tir dang nay sang dang khac. Tl dinh ludt nay chiing ta c6 thé thi€t 1ap dudc
cdc phuong trinh tinh sy bi€n ddi chdt 6 nhiém tir noi nay di chuyén sang noi khéc.
Mot chi't nao dé di vao trong khu vic nghién citu s& bi€n ddi thanh ba dang
(H.2.6):
e Gilt nguyén tinh chit va di ra khoi khu vuc
e Tich tu lai trong khu vuc
e Bitiéu hidy, bi hip thu va bi€n ddi thanh chi't khic...
Phuong trinh cin bing vat chat dugc viét nhu sau:

Lugng chit di vao = Lugng chat di ra + Lugng chat tich tu
+ Lugng chat tiéu huy (2.12)
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Hinh 2.6. M6 hinh cin bing vat ch4t trong moi trudng

P& don gidn héa qud trinh tinh todn trong thuc t&€ mot sd gid thi€t dugc dua ra nhu
sau:
e Khong c6 suhi&n d6i vat chit, nghia 13 vat chat ludn giit nguyén trang théi
ban dau.

- khong bi tich tu
- khong bi bién thanh chat khic
- nodng d6 chat nghi€n citu 6n dinh

e Vit chat dugc bdo toan trongkhu vuc nghién citu
- khong xady ra cdc phan fug hda hoc

2.2.2. Hé thong bao toan vat chat on dith

Hé thong bio toan vat chat n dinh 1 trudng hgp don gidn nhat, d6 13 trudng hop
ma tirng chi't cling nhu téng cdc chi't dudc bdo tain. Phuong trinh vat chit trong
trudng hdp nay cé thé viét:

LUGNG CHAT PI VAO = LUONG CHAT PIRA (2.13)

Hé thong bio toan vat chat dn dinh dugc thé hién trén Hinh 2.7. Hé thong nghién
ctu dudc gidi han 13 mot hd nuSe, dong sudi nude chdy vao véi luu lugng chdy 1a
Os (luu lugng nudc / thdi gian) va ndng d6 chat 6 nhiém la C, (lugng chit 6 nhiém
chia cho luu lugng nuéc). Dong nudc thii chdy vao hod tir kénh din thdi c6 luu
lugng chdy 13 Qw va ndng d6 chit 6 nhiém 12 Cw. Dong nudc chdy ra khdi ho 1a
dong nuéc hdn hdp véi luu lugng dude bio toan va 6n dinh. Phuong trinh cin bing
vat chat dugc viét:

CsQs + CwQw =CmQm (2.14)
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Hé s6 suy giam =0
Hé so tichtu =0

e®o
< °® ..

Sudi Os . ., Om
> - > H3n hop
Cs E E Cm
Ow
Cw
Ngudn thai
Q = luu lugng dong chay
C = ngudn thdi
Hinh 2.7. Hé thong bio toan &n dinh
Vidu2.4

C6 hai dong sudi bi 6 nhiétn. Mot sudi chdy cé luu lugng nude 1o 10m’/ s nhdp vao
dong sudi thit hai ¢é luu lugng 4.5 m’/s. Nong dé chdt 6 nhiém clorua tix ddu dong
ciia sudi thit nhdt dén ché gdp nheiw. /o 20 mg/l. Nong do chdt 6 nhiém clorua 6 sudi
thit hai la 40 mg/l. Xdc dinh néng do & nhiém C,, sau diém hai sudi gdp nhau.

Gidi

Theo diéu kién ciia bai todn, mé hinh hai dong sudi chdy cé thé duoc minh hoa
trong Hinh 2.8 dudi dady:

C,=20,0 mg/l

C,, =40,0mg/l
0, =350 m’/s
Hinh 2.8. M hinh hé thdng bio toan khdi lugng 6n dinh
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Ap dung cong thiic (2.14) ta co:

c -G +CGQu _ Cs+Qs+G\Q,
) Qn Qs +Qy

Thay cdc gid tri vao cong thiic:

_ (20x10+40x5)mg/l xm*/s

C, 5
(10+5m’/s

= 26,7mg/|

0,=0,+0, =10+ 5=15m/s

2.2.3. Hé thong 6n dinh 6 nhiém khong bao toan

Trong thuc t€, cdc’chAt 6 nhiém chiu sy tdc dong clia cdc phdn tng héa hoc, phdn
ting sinh hoc clia vi sifih vAt va khi x{ Iy 6 nhiém khong thé giit dudc sy bdo toan
vit chdt. Phuong trinh cif-bing vat chat trong trudng hgp hé thdng 6n dinh khong
bédo toan:

LUQGNG CHAT PI VAO = LUGNG PI RA + LUONG BI TIEU HUY ( 2.15)

Phan tiéu huy cda chat 6 nhiém khono bdo toan dugc tinh d€n v6i cdc phdn tng
tiéu hdy ddu tién, nghia 12 phan chit 6 nkiém mat di sé ty 1& véi lugng chat 6
nhiém.

dC

— =-KC 2.16
o (2.16)

Trong do:

K =hé sd tiéu huy véi th nguyén 13 1/ don vi thdi gian, diu (-) biu
thi ch4t 6 nhiém mat di trong mot don vi thdi gian.

C =ndng d6 chit 6 nhiém

T = thoi gian

LAy tich phan :

CdC ©
— = | (-K)dt
- c{( )

Co

hay: In(C)-In(C,) = |nC£ = _Kt

0
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40 Thae vign Trieong DH Swe pham Ky thudt TP.HM

hittp 7 www. thuvienspkt.ediu. vi




Do d6 ndéng dd chat 6 nhiém trong khu vuc nghién cttu s& bié€n thién theo thdi
gian bdi cong thic:

C=Ce™ (2.17)

trong 6 C, = ndng do chat & nhiém ban diu tai thdi di€m =0

Cong thitc (2.17) thé hién hé s6 suy gidm ndng d6 chit 6 nhiém. N&u cho ring
chat 6 nhiém phan bd ddng déu trong thé tich nghién ctu thi tdng chit 6 nhiém sé&
12 C.V va tdng lugng suy gidm clia chd't 6 nhiém 1 d (C.V)/dt = VdC/dt.

Phuong trinh cAn bang At chdt doi v6i chdt 6 nhiém khong bdo toan sé dudc viét :
LUQGNG BI TIRU HUY =-K.C.V  (2.18)

Thay cong thitc (2.18) vao cdng thitc (2.45) ta dugc cong thitc don gidn vé can
bing vat chit doi v6i trudng hop chat 6 nhim khong khi khong bdo toan trong hé
on dinh vdi diéu kién thira nhan 13 ndng dd chdt 6 nhiém phan bd déu trong thé
tich V:

LUGNG O NHIEM VAO = LUGNG O NHIEM RA + K.C.V  (2.19)

Vidu?2.5

Cho mdt ho nudc bi 6 nhiém cé thé tich nudc la 10106 m’. C6 mot dong sudi chdy
vao hé véi luu lugng la 5 m’/s va nong do chdt 6 nhiém ciia sudi la 10 mg/l va mot
miéng xd nuéc vao hd véi luu lugng la 0,5 m’/s, mang theo ciing mot chdt é nhiém
nhu chdt 6 nhiém trong dong sudi. Nong do chdt 6 nhiém ciia nudc thdi la 100 mg/l
va hé s6'tiéu hity ciia ho la 0,2/ngay.

Thita nhdn rdng chdt 6 nhiém dugc hoa tron déu trong cd thé tich ho, khong xét
dén hién tuong nudc boc hoi ciing nhuw nudc thdm qua thanh hé (thdm vao hodc tham
ra). Xdc dinh nong do chdt 6 nhiém trong hé théng ho o6n dinh?
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Gidi:
Cdc diéu kién theo dé bai dugc minh hoa trong Hinh 2.9

Ow = 0,5 m’/s

Hé chita Cw =100 mg/l

L&i vao V=10106 m’
Cc?

|

0, =0,5m’/s )
C, =10 mg/l C,?

Hinh 2:9. M6 hinh hé thong 6 nhiém khong bio toan

Luu luong vao = Q0OsxCs + Qwx Cw
= (5m/s x10 mg/l + 0,5 m’/s x 100 mg/l)
5 103/m’ = 1,0 x10° mg/s.
Luu luong ra = JmCm=(0s +0Ow) xC
= (5 +0:5.)m’/s xC mg/l x 10°l/m’
= 5,5.10° Camg/s
Lugng bi tiéu hity = KCV = 0,2/rigiry x C mg/l x10x 10°x 10° I/m’
=23,1.10°C mg/s
Thay cdc gid tri thu dugc vao cong thiic (2.19)

1,0.10° = 5,5. 10°C + 23,1 .10°C = 28,6 .10°C
Riit ra C (nong dé chdt 6 nhiém trong ho) sé la:

1,0x10°
= 286x10° 0!
2.2.4. Phuong trinh tiung buéc

C6 thé md rong sy tinh todn ndng do cdc chat & nhiém & trang thdi 6n dinh trong
hé thong moi trudng khi chit 6 nhiém dudc bdo toan hay khong bdo toan ddi véi
trudng hdp &n dinh.

Trong thuc t& 1 cin xdc dinh ndng d chit 6 nhiém bi&n ddi theo thdi gian trong
diéu kién moi trudng khong &n dinh.

Phuong phdp dé gidi bai todn nay goi 1a phuong trinh ddp tng tirng budc.
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Trong Hinh 2.10 minh hoa hé thdng mdi trudng bi€n d6i 12 mot hinh hdp cé thé
tich V da dugc x4c dinh, luu lugng di vao cling nhu di ra khéi hop dé 1a Q. Gia thiét
12 chat 6 nhiém phan bd déng déu trong khdi hinh hop & bat ky thdi di€m ¢, nghia
12 chat 6 nhiém trong ludng khi ra bing néng dd chit 6 nhiém trong phong (C).
Téng lugng chit 6 nhiém trong hinh hop 1a C.V va hé s6 ting chit 6 nhiém trong
hinh hop sé& 1a V,C/dt. Téng luong 6 nhiém ting thém (ngudn bd xung) trong hop
1a S (don vi trong lugng trong don vi thoi gian). N€u chat 6 nhiém trong trang thai
khong dudc bdo toan v6i hé so tiéu huy 13 K, ta ¢c6 md hinh tinh todn nhu sau:

Luu lugng ton = Lugng di vao — Lugng di ra — Lugng bi tiéu huy

Nghia 1a : chj—ct::S—QC—KCV (2.20)

trong d6: V= thé tich hinth hop
C =ndng d6 chat G nhidm trong hop, g/m’
S = tong lugng chat & phiém thdi ra trong hop, g/h
QO = luu lugng khi di vaohop, m/h
K =hé so tiéu huy, 1/h

Vao R Ra
Hop
> ) —
Thé tich V
Luu lugng QO
Lugng 6 nhiém vao Nong dd 6 nhiém trong hop dira: C

Hé s6 phdn tng clia chdt 6 nhiém K

Hinh 2.10. M hinh hinh hop @€ phan tich

Pé dé dang gidi phuong trinh (2.20) trudc tién ta xdc dinh ndng dd chi't 6 nhiém

L R et A A A v s e A . . dc s
t61 han 6n dinh, tic 1a ndng d§ C G thdi gian vo cuc, khi ma E:O,tu’c la :

C . - > 2.21
© Q4+ KV (2.21)
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Thay (2.21) vao (2.20) ta c6:

dC _ _Q+KVf.__S (2.22)
dt Y; Q+KV
. s
néu dit - 2.23
u dg y O+ KV (2.23)
va c6 d_dc (2.24)
dt ot

Do dé phuong trinh (2.22) s€ 1a:

d_ (e, Q
m_-(K+VJy (2.25)

Phuong trinh vi phén (2.25 ) twvong tu nhu phuong trinh vi phan (2.16).

y = yoe—(k+Q/V)t (2.26)

trong d6 y,=gid tri y tng v6it =0
Néu dit Cy 1a gid tri ndng dd chat 6 nhifm trong hop & thdi di€m ¢ = O thi tir

phuong trinh (2.23) ta c6:

S
=C, - 2.27
Yo 0 Q+KV ( )

Giai hé ba phuong trinh (2.22) , (2.26) , (2.27) ta c6:

(oot

Co~3 ey = Co
Q+KV Q+KV

- K+9t
hay Coy S C, - S e[ V] (2.28)
Q+ KV Q+ KV

Cong thic (2.28) c6 thé viét don gidn biing cdch thay tri s6 C, & cdng thitc (2.21):
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Cpy =Cpy +[Co—Coy I Gld) (2.29)

Véi cdc tri s& gidi han Cy va C,) Gng vé6i thdi gian t =0 va ¢t = o , ta c6 thé bi€u
dién cong thiic (2.29) bing bi€u dd & Hinh 2.11.

Néng do C
Ciy =50 +KV)

C( o — e —— L

€)= Cray +(Cop—C oy ™V

Co
Ther gian,t — »
Hinh 2.11. Phuong tring dd p 1tng tirng buc ddi véi mo hinh hdn hgp khi

Vidu?2.6

Cho mdt phong hiit thudc cé thé tich V'<.500 m’’. Luu lugng khong khi vao phong la
1000 m’/h. Khéng khi théi vao phong la kiéng khi sach va dugc bdt ddau théi vao
phong tix 5 gio chiéu. Hé s6' tiéu hity (suy gidm)-ctia khi formandehyde la K = 0,4/h.
Khéi thudc ld bdt ddu thdi ra ciing tix lic 5 gio“¢hicu va on dinh véi tri s6 la 140
mg/h. Xdc dinh néng dé khéi thudc ld liic 6 gio chiéii'lés bao nhiéu?

Gidi:
Trong truong hop nay Q = 1000 m’/h, V = 500 m’, S = 140 mg/h va K = 0,4/h.
Nong dé khéi thudc la & thoi diém én dinh ( t.,) duoc xdc dinh theo cong thitc (1.9).

140mg/h
C(00) = 3 3
100m®/h+ 0,4/ hx500m

=0117mg/ m®

Xdc dinh néng dé khéi é thoi diém bdt ky sau 5 gio' chiéu theo cong thitc (2.29) vdi
Co=0.
Cp =[Co—Co, [xe N = 0,117 +(0— 0,117) . ¢ (040 + 10005001
=0,117(1-¢&**
Liic 6 gio chiéu, titc la t = 6 =5 = 1h, nong d khéi trong phong sé la:

Cin=0117(1-e>*") = 0,106 mg/m’.

T, - TR SR G, SRR % r o | SO | LT LR A TOY YN
45 Thar vign Trirong BH Sw phan hudt TP.HM

hittp A www. thuvienspkt.edii. v




Chuong 3
DUNG DICH

3.1. KHAI NIEM VA PINH NGHIA VE DUNG DICH
3.1.1. Hé phin tan

Hé phan tdn 12 hé gdm mot hay nhiéu chi't & dang hat ¢6 kich thu6c rat nhd phan
tdn déu trong mot chat khic.

Chat & dang rit nhd goi 1a pha phan tén.

ChA't chita pha phan tdn goi 1a moi trudng phan tan.

Pha phan tdn c6 thé § trang thai khi, 18ng, rin.

Mbi trudng phan tdn phu thudc vao kich thudc phan ti phan tdn. C4c hé phan tin
dudc phan biét nhu sau:
e Heé huyén phii (hat phan tdn 12 hat rin phin tdn trong moi trudng 16ng).
e H¢ nhii tuong (hat phin tdn 1a hat Idng phin tdn trong moi trudng 16ng)
ching déu ¢6 kichithurde hat d = 107 <107 mm.

e He¢ phan tdn keo hay¢on goi la dung dich keo c6 dudng kinh hat phan tdn
nim trong khodng 10 mwm < d < 107 mm.

e Dung dich 12 hé phin tdn ma c4dc phin tif phan tdn 1a cdc phan ti hay ion ¢
dudng kinh <10 mm.

Dung dich la hé phdn tdn trong dé phé.phdn tdn goém cdc hat phdn tdn la phén tit
hay ion phdn bd déu trong cdc phdn tit méi.truong. Do vdy dung dich la hé dong
nhdt, dong thé gém hai hay nhiéu chdt phdn b6 déu trong nhau cé thanh phan thay
doi trong gidi han nhdt dinh.

Dung dich 1a trang thdi trung gian giita hgp chat hda@ hoc va hdn hgp.
Trong dung dich chit phan tdn goi 1a chat tan, con moi trudng phin tdn goi la

dung moi.
Dung moi 13 trang thdi tip hdp & dang nguyén chit nhu trang thdi tip hop clia
dung dich.

Pho bién trong thyc t& 12 dung dich 18ng.

3.1.2. Su tao thanh dung dich

Dung dich tao thanh do tuwong tic giita cdc phan tif chit tan va dung mdi. Nhitng
lyc tham gia vao qud trinh nay 1a lyc vatly va héa hoc.

T4c dung tuong hd vat 1y giita chit tan va dung moi ton tai & khodng cdch 16n
hon kich thugc phan tt (sonvat héa 1y) bang Ivc hiit giita cdc phan t.

Téc dung héa hoc giita phan tif chit tan vd dung moi & khodng cdch gan hon kich
thuGc phan tf (sonvat hda hoc) thuc hién bdi cdc tuong tic hda hoc tham gia tao
thanh phan t gitta chit tan va dung moi nhd lién k&t cho nhan va lién két hidro.
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Tuy thudc vao ban chit lyc tuong tic giita phan tif dung moi va chat tan ma sin
phdm clia dung dich Ia sonvat ¢ d6 bén khdc nhau. N&u dung mdi 13 nudc thi hop
chd't 13 hydrat.

Su tao thanh dung dich 1a qué trinh ty dién bi€n. Pong luc clia qué trinh 12 sy
giam enthalpy tu do:

AG hoda tan = 4G dung dich - 2AG chat tan va dung moi < 0
Qui4 trinh ngirng lai khi hé dat t6i trang thai cAn bing tifc 12 dung dich bdo hoa:
AG =0

Néang lugng dédc trung cho qud trinh hoa tan la nhiét tao thanh dung dich AH (do
bing J/mol) 1a nhié&t lirgng tda ra hay thu vao khi hoa tan mot mol chit tan vao
lugng dung moi nhat dish, va dudc goi 1a nhiét hoa tan.

Qu4 trinh hoa tan goniqud trinh phd huy lién k€&t giita cdc phan tif chat tan doi
héi tiéu tdn ning lugng gomhai qué trinh vatly (AH; ) va qud trinh hda hoc (4H,) :

AH/,,= AH] +AH2

AH,, > 0 khi AH; > AH,: trudng hgp ndy X4y ra d6i v4i da s6 cdc chat rin, chat 16ng
khi hoa tan trong dung méi 1ong.

AH,, <O0khi |4H, | < |4H, | : trudng hop Xiy ra d6i véi chat khi hoa tan trong
dung mdi 16ng . Vi cdc phan tir khi & xa nhau nén 4, = 0.

Khi tao thanh dung dich, entropy clia hé thay d6i Idn. Tinh hdn don cla hé ting
1én nén entropy ting, thé tich cia hé ting thi entropy ting, thé tich clia hé gidm
trong qud trinh tao dung dich thi entropy giam.

Hoa tan chat khi vao trong dung moi 1dng thi hé gidm thé tich o rét, AS > 0:

AG = AH - TAS

N&u qué trinh hoa tan thu nhiét 4H,, > 0 thi TAS phdi 16n hon AH, nhiét dd cang
ting thi qué trinh hoa tan cang thuin lgi. Pa s6 qué trinh hoa tan chit rin, chat
16ng trong dung moi 16ng thudc trudng hgp nay.

Néu khi tao thanh dung dich, AH,, < 0 tifc 12 qué trinh hoa tan tda nhiét, hé c6
thé c6 hai kha ning ty dién bi€n sau:

a, AH, < 0, truong hgp cho céac khi hoa tan.
Khi d6 mudn 4G, <0 thi |74S| < |T4H]|.

Hé sé& ty dién bi€n & nhiét d6 thap. That vay khi ting nhiét dd cdc khi hoa tan s&

thodt khdi dung dich. O nhiét do thap cdc khi hoa tan thuan 1di .
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b, TAS,, > 0 ; trudng hgp nay AG ludn ludn cé gid tri Am (4G < 0) qué trinh ludén
ludn ty x3y ra. Vi du NaOH, H,SO, dic hoa tan trong nudc theo bat cit ty 1€ nao.

3.2.NONG PO DUNG DICH

Dung dich c6 thanh phin khong x4c dinh nghiém ngit nén cin phai dinh gid ham
lugng cia chit hoa tan trong dung dich. Pai ludng xdc dinh ham lugng chat tan
chita trong dung dich goi 12 ndng d6 dung dich.

3.2.1. Phuong phap bi€u dién néng dé dung dich

Hai phuong phdp bi€u dién ndng dd thanh phan ciia chit 1dng va cha' khi:
1, Kh&i lugng / thé tich. Khoi lugng cda chit tan trong mot don vi thé tich cla dung
dich.
2, Khdi lugng / khéi lugng hoidc trong lugng / trong lugng. Khoi lugng ctia chit tan
trong khoi lugng di‘cho cia dung dich (mg/kg, ppm).
Néu ty trong clia dungdich 12 p thi:

p = (khoi lugng ctia dung dich) / (thé tich cta dung dich)  (kg/l)

Khoi lugng clia chat
va ndng dod cla chit theo mg/l = Cpj= ~-4r-mmmmmmmmmmmem oo (mg/kg)  (3.1)
Thé tich clia dung dich

Khotlugng cda chat
va ndng do cla chdt theo ppm = Cpp = ~-m-mmmmmmmmolimmmmmmmememee (mg/kg) (3.2)
Khoi lugng ciia dung dich

Do vay c6 thé viét : p= S (3.3)
Chz

néu P =:”‘(g/| , thi Cyu = Cypo

nghia 12 ndng d6 clia chat theo ppm mg/kg = ndng dd cla chit theo mgl/l.

Vidu3.1

Biéu dién néng do 3% theo khoi luong ciia dung dich CaSO, trong nudc theo mg/l
va ppm .

Hdu hét cdc dp dung trong moi truong nudc va nudc thdi, p= 1kg/l thuong dugc

biéu dién mg/l; trong bun thdi hodc sa ldng la ppm.

Thir vign Tiwreme BDEH S ohom Ko thudt TR EM
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Gidi:
3 30000

3% theo khoi lugng = = = 30000 ppm
100 1000000

Vi dung dich la nudc. Tir phuong trinh (3.1) ta ¢6: C = 30 000 mg/I.

Vidu 3.2
Néu nhu mét lit dung dich chita 190 mg NH,;* va 950 mg NOj, biéu dién cdc chdt
nay theo nito (N).

Gidi:
190 mg NH,* /I = 190 mg NH,/l 1814&'\ — 148mgNH,’ — N/

4

14mgN

950 mg NOj /<950 mg NO3;/ [ x — = 214mgNO; — N/I
62mgNO,

3.2.2. Cac loai ndng @6 dung dich
e Nong dé phan tram khéi lirgng: biéu thi bing s6 gam chit hoa tan trong 100
gam dung dich.
Néu goi m; 12 khdi lugng dung mdi, 72542 khdi lugng chat tan, ndong dd phan trim
ky hiéu la C% dugc tinh theo cdng thic:

Coh=_ T

100% (3.4

m,

e Nobng dj phdn tit Cy: bi€u thi bing sd mol chat tan chira trong mot lit dung
dich. Vi du HCI1 0,1 M ¢6 nghia 1a ctt mdt lit dung dich c6 chida 0,1 mol axit
HCl.
Goi m 1a khoi lugng chat tan, M 1a khdi lugng mol phan i cia né (phan ti gam),
V1a thé tich dung dich, ndng d6 mol/lit s& dudgc tinh theo cdng thifc:

m .
C, =——,mol /lit 3.5
TEVIY (3.5)

e Nong dé mol phdn : biéu thi bing s6 mol chit tan trong tong sd mol ctia dung
moi va chat tan.
Vi du, goi n; 12 s6 mol clia dung moi; n, 1a s& mol chat tan, ndng dd mol phan
tuong ung la:

g S g Emgar e L A SR s SEy e
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n2
n, +n, n, +n,

N, +N,=1 (3.6

e Nobng dé molan: bi€u thi biing s& mol chat tan trong 1000 gam dung mdi, C,,.
Goi m; 12 s6 gam dung mdi , m, 12 s6 gam chat tan.
M 12 kh&i lugng mol chat tan. Nong do molan sé 1a:

c —MA00 an  (37)
M.m,

e Noéng dé duong lugng gam / lit: bi€u thi bing s6 duong lugng gam chit tan
chita trong 1 lit dung dich, ky hiéu 12 Cy. Goi m 1a khdi lugng clia chat tan, N
12 duong lugng clia chit tan, V1 thé tich dung dich:

Cy=—0b (3.8

Theo dinh luat duong lugng cacehit tdic dung v6i nhau theo cliing mot sd duong
lugng gam.

Khi cho V; thé tich dung dich 1 ¢6 ndng dé.J2 Cy; tdc dung vira di véi V, thé tich
dung dich 2 ¢6 ndng dd 1a Cy,. Tich s6 V,Cy;/1a s6 duong lugng gam clia chat 1.
V,>Cy; 12 88 duong lugng gam ctia chat 2. theo dinfijuit duong lugng:

ViCni = V2Cy: (39)
hodc
Vi = Crz (3.10)
V2 C:NZI.

Hai dung dich ctia hai chit phan &ng vdi nhau theo nhitng thé tich ty 1& nghich véi
ndng d6 duong lugng gam clia ching. P6 12 hé qud clia dinh luat duong lugng.

Vi du3.3
Can bao nhiéu mililit dung dich NaCl 0,3N tdc dung hét vdi 150 ml dung dich
AgNO; 0,16N?

T, - TR SR G, SRR % r o | SO | LT LR A TOY YN
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Gidi:
VAgNos.CN, o 150x016

VNaCI = =

Ch e 03

80ml

3.2.3. Nong d6 khoi lugng theo CaCOs

Pon vi khd phd bi€n d€ bi€u dién do cing (Ca va Mg) va do kiém (HCO;, CO5™
va OH) trong mdi trudng nuéc 12 hé carbonat. Pon vi ¢6 th€ xem 13 chuin héa
ndng do theo CaCO;. Nong do clia cdc chat mg/l theo CaCO; dudc xdc dinh theo
phuong trinh:

50x 10° mgCaCQO,
€0caco,

S6 duong lugng ciia chdt trong mot lit x
Vi du, doi véi do cing;

CaCO; » Ca%+ CO5*
1 mol 1mol 1 mol
2eq Zeq

D& v6i Ca’ trong phan dng két tia hoi¢ hda tan:

100g /el

Khdi lugng dugng lugng clia CaCO; =
2eq/ mal

=50g/eq

Vidu 3.4
Cho néng dé ciia Ca** la 92 mg/l trong dung dich. BiZwdién ndng dé duwong luong
gam/1 theo CaCOj;

Gidi

Khéi lugng duong lugng ciia Ca* trong mg/ meq = khdi lugng phan k) / (dién
tich) = 40/2 = 20 mg/ megq.

Theo néng dé duong lugng (N) trong eq/l = ( néng dé trong mg/ 1 ) / ( duong lugng
trong mg/ meq) :

. 92mg/I
20mg.meq
Tuy nhién khé'i lugng duong lugng ciia Ca theo CaCO;3 = 50 g/ eq = 50 mg/meq.

= 4,6meq/|

Nong dé ciia Ca trong mg/ | theo CaCO; = 50 m9 ><4,6m|eq =230 mg/l.
meq

. [E SRR . SSGERE %, - 3 e | s aL S TR TTA
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3.2.3.1. Céc vi du vé ty lugng
Khi metan ddt chdy vdi oxy dé€ tao thainh CO, va nuSc. Ta c¢é phan tng:

CH; + O, - CO, + H,O (3]1)

Phén #ng dudc bi€u dién mot cich ty lugng nhu sau:

CH, + 20, - CO, + H)0O

1 mol 2 mol 1 mol Imol

1 x 16g/mol + 2 x32g/mol — 1 x44g/mol +1 x 36 g/mol
16g + 64¢g — 44¢ + 36 ¢

Can bing khdi lugng: 80 g = 80 g.

Trong cdc vi du ve %, ludng, v€ trdi clia phuong trinh tinh bing gam (hodc kg)
phai can biang v6i v€ phiiglia phuong trinh. Pay 1a khdi niém co bin nhit clia cin
bing khéi lugng.

Vidu 3.5

Trong xit Iy nudc uéng, dung dich nhom sunfat dugc sit dung nhu la chdt keo tu dé
tao ra bong hydroxit nhom (bun). Tinh liténg bun tao ra néu nhu 100 kg nhém sunfat
duoc sit dung hang ngay .

Gidi:

Viét phuong trinh phdn vng:

Alz(SO4)3 14H,0 + 3CQ(HCO3)2 - 2Al(0H)3 + 3Ca50, + 14 H,0 + 6CO,;
1 mol 3 mol 2 mol 3 mol
14 mol 6 mol

Can bdng khoi luong (trong lugng phan tik):

AL(SO,) 3. 14H,0 = 27 x 2+ (32 +16 x 4 ) x 3+ 14( 18) = 594 g
3Ca(HCO;), = 3[40+ 2 x (1 +12+3x6)] = 486 g
2AI(OH); = 2[27 +3 x (16 +1) ] = 156 g
3CaS0,=3(40 + 32 +4 x 16) =408 g
14H,0 = 14(2 x 1 + 16) = 252¢
6CO, =6(I12+2x 16)=264 ¢
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Ta sé co:

594 g +486 g =156 g + 408 g + 252 g + 264 g

1080 g = 1080 g
Ticc la 594 gam phen nhom sinh ra 156 g bun hidroxit nhém, do vay 100 kg phén
nhom st dung hang ngay sé tao ra 26 kg bun hidroxit nhom..

3.2.4. Phan loai dung dich
Theo 1y thuyét nhiét dong, dung dich dugc chia thanh ba loai: dung dich 1y tudng,
dung dich v6 cuing loang va dung dich thuc.

a,Dung dich Iy tudng 1a dung dich ma cdc cau tf cia né c6 tinh chdt ly héa hoc vo
cung gidng nhau. Luc tuong tac giita cdc phan tf cing tén va giita cdc phan tif khic
tén 1a nhu nhau:

fA-A=fA-B=fB-B

Qua trinh tao thanh dung dich 1y tudng 1a qua trinh ty xay ra nén AG<0.
Do vay:
AH — AG
= >
T

AS 0

Céc ciu tif ca dung dich 1y tudng tuan thee phuong trinh sau diy & moi ndng do:

=i (T)+RTInx (3.12)

b, Dung dich v cing lodng: 12 dung dich ma thanh phan¢iia chat tan 1a v cling bé
so vdi thanh phan clia dung moi.

Trong khodng néng dd dugc xem 1a vd cling lodng, tinh chit cia dung dich lodng
tudn theo cac dinh luit ly tudng.

¢, Dung dich thuc 1a dung dich khong 1y tuéng. Luc tudng tic gilta cdc phan ti
cung tén va khac tén khong nhu nhau nén khi tao thanh dung dich thudng kém theo
cac hieutng AH 0 ; AV #0.

3.3. DUNG DICH PIEN LI
ChA't dién 1i 12 chat hoa tan trong nudc, cdc phan t cda né phan li thanh ion.
Nguyén nhin cd bdn clia sy phan li thanh céc ion 13 do sy tuong tic giita chat dién
li va cdc phan tif dung moi dé tao thanh cdc ion bi hydrat hda:
NaCl + mH,O = Na*.nH,0 + CI' ( m-n)H,0
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Céc gia tri m, n thudng khdng x4c dinh dudc va phu thudc vao ndng dd va nhiét
dod nén thudng dudc viét:
NaCl + aqg = Na".aq +CI .aq

aq — lugng nude khong xac dinh.

o Chdtdién li manh
La chat khi tan trong nudc, tit cd cdc phan tf clia né phan li thanh ion, (cdc axit
manh, cdc bazd manh va hau hét cic mudi clia né 1a cdc chat dién li manh).
P& chi dién li manh, trong phuong trinh dién li dugc ghi dau (=).

e Chit dién li yéu
La chat khi tan trong nuSc chi mot phan cdc phan ti¥ ciia né phan li thanh ion.
C4c axit y&u bazadySu va mot s6 mudi clia né 1a chi't dién li yéu.
Trong dung dich chit dién li y&u, cdc phan tif khong phan li nim cin bing dong véi
cdc ion clia chiing, d€ bifu,thi cAn bing ta dung diu: <, vi du:

HCH:COO +ig < H".aq+ CHsCOO .aq
ho#ic vi€t mot cach don gidn:
HCH;COO + H,O < CH3COO -|'H3()+

3.3.1. Tinh chat bat thudng cua dung dich ¢ha't dién li so v6i dung dich
chat khong dién li
e Dung dich chit dién li din dién t&t.
e Dung dich chat dién li c6 do gidm 4p suat hdi AP’, d6 ting nhiét do soi At
dd gidm nhiét 6 dong dic A’y va 4p sudt thim thau P’ déu 16n hon so vdi
dung dich chat khong dién li cing ndng do:

APT_AU_ P

2T lis1 (313
AP At P

Tinh chat bat thudng nay do sy phan li thanh cédc ion clia cdc phan t chat tan [Am
cho cdc phan tir trong dung dich ting 1én. C6 thé tinh i bing cdch sau:

i = s0 phan ti trong dung dich / s6 phan ti hoa tan
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3.3.2. D6 diénli
Po dién li @ dugc dinh nghia 12 ty s6 giita s6 phan t¥ bi phin i v6i tdng sd phan
t hoa tan.
Va o ludn thda man :
O<a<l (3.14)
ChAt dién li manh o =1, chitdiénli yéu a< 1.

3.3.2.1. Trang thai cia chat dién li manh trong dung dich

Trén thuc t€ ngudi ta ludn ludn do dude dd dién li o < 1, va chi thu dugc a = 1
khi do trong dung dich rit loAng vi trong dung dich lodng khodng cdch giita c4c ion
16n nén sy tudng tic tinh dién giita cdc ion 12 khong ddng k&. Trong dung dich dic,
luc hiit ddy giita cdc ion 16n nhiéu so vdi dung dich lodng. Mdi ion dugc bao quanh
bing nhitng ion trdi ddu tao thanh “khi quyén ion”, né 4nh hudng dén tinh chit cia
dung dich. Dung dichidic cé6 a< 1 dudc goila do dién li biéu kién.

3.3.2.2. Moi lién hé gitao va i
Né&u goi N 1a s6 phan tif hoi tan, ar1a do dién li cia né, ¢ 1a s6 ion ma mdt phan
td phéan li ra, ta c6:
aN 13 s6 phan t& phan li ra ion.
aNg — s6 ion dudc tao thanh.
N - aN — sd phan tif khong phan li.

Do vay :
i= w:aqjtl—a -1 +1
N et (3.15)
q-1

3.3.3. Hiing s0 dién li K, cua axit

D6i vé6i axit y&u, sy dién li 12 qué trinh thuin nghich, gitta cdc phan ti khong
phin li v cdc ion cla ching ton tai cAn bing dong, nén c6 thé 4p dung cic dinh
luat clia can bing héa hoc va su chuyén dich cAn biing cho né.

Vi du, mdt axit yéu HA trong dung dich s& tdn tai mot cin bing nhu sau:

HA+H,O0 - A" +H,0

véi K, = [AJIHOT] = const & nhiét dd xac dinh.
[HA]

K, dugc goi la hing s6 phan li clia axit HA.
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3.3.4. Hiing so dién li cia bazo, K,
Né&u ky hiéu bazo yé&u 1a B thi trong dung dich c6 cin bing nhu sau:

B+HOH <« BH" +OH

K, = %= const G nhiét d6 xac dinh (3.16)

K, dudc goi 1a hing s6 dién li cia bazo B.

3.3.5. Cong thiic lién hé giita K, va K, cia mot cip axit — bazo lién hgp
Xét ciip axit — bazd lién hgp NH/NH;, trong dung dich ¢6 cdc cAn bing sau:

NH4+ +H,0 = NH; + H30+

véi:
« - MO 17)
[NBL, ]
va:
NH; + H,O NH4+ + OH
vii:

_ [NH;][OHF]
~ [NH,]

= K,.K, =[H,0+][OH ] =K, ,=10™ § 25°C (3.18)

Tur cdng thic (3.18) ta thay ring néu K, cang 16n thi K, clia bazd lién hdp véi axit
cang nhd va ngudc lai.

3.3.6. Cuong do axit

Cudng d6 axit, bazd 1a mot dai lugng thé hién sy d& dang vé khad ning cho va
nhan proton. Cudng do axit cao la axit d6 d& nhudng proton. Cudng do bazo cao la
bazd d6 dé nhan proton. Trong mdi trudng nudc, cudng do axit cia mdt chat nao doé
dugc so v&i chit chuin bazd 13 nudc, tic 1a mot axit HA nao dé cé cip axit — bazo
1a HA — A" dudc do véi hé bazd — axit 1a H,O — H;0". Tuong ty d6i véi bazo, cip
dugc do dé€ so sanh 1a bazo — axit B — BH"* v4i hé clia cip axit — bazo clia nu6c
OH - H,0.
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Cudng d6 axit khi d6 c6 thé dic trung qua hing sd cAn bing cla qud trinh trao
ddi proton khi phan ng véi nudc:

HA+H,0 < H;0"+A
Ta c6:
o)A ]

K, =
[HAI[H,0]

(3.19)

Do ndng dd cla nudc thay ddi khong ding ké va vi né chi€m vu thé tuyét doi vé
lugng, nén K, sé van la hiing s6 khi K, = K,’[H,0], d& don gidn néu ndng dod [H'] =
[H;0%], va trong viing ndng d6 lodng, hé s6 hoat do bing 1, ta c6 thé viét:

HA < H+A
vay K, s€ la:

_[H)[A]

3.20
" [HA] ( )
v6i dinh nghia pK,= -1g K, pH = -1g[H"]:
[A]
K,=pH-lg—= 3.21
PR =P g[HA] (3.21)

Ciing twong ty d6i véi mot bazo:
B+H < BH"

« - 1BH']
[BI[H]

[BH"]

K, =
P 9 g

- pH (3.22)
3.4. GIA TRI pH CUA NUGC
Nudc 12 mot cha't ludng tinh axit, bazd c6 thé tu cho va nhin proton:
HQO + HQO = H30+ + OH

Trong dung dich lodng, ndng dd mol phin ctia nudc biing 1 va goi tich s6 ion clia
nudc la Kw. Ta c6:

T, - TR SR G, SRR % r o | SO | LT LR A TOY YN
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Kw = [OH][H;0"] = [OH'][H"]

LgKw = lg[H'] + 1g[OH]
Vi pH = -Ig[H"] va pOH = -1g[OH] nén:

PKw =pOH +pH (3.23)

O 25°C Kw = 1,008 . 10* ng v6i nudce trung tinh [OH] = [H] hay:
pOH =pH ="7.

3.4.1. Hé cacbonat

Hé cacbonat clia phdn ng axit — bazd phd bi€n trong moi trudng, dic biét trong
moi trudng nude. C4c chat héa hoc vo cd ¢ ngudn goc tir khodng chat (CaCOs) va
khong khi (CO,) c6thé ciing hoa tan trong nuéc. Ching 4nh hudng dén gid tri pH,
do kiém va dung tich @ m clia nuc. Hé cacbonat dugc hinh thanh theo tirng budc
véi su bit dau 1a khi CO>trong khong khi hoa tan trong hdi nuéc.

Buéc 1 Khi CO, (k) trong khongkhi hoa tan vao hdi nue (H,0) d€ tao thanh
CO; (aq):
CO, ( k<> CO; (aq)

v6i hiing s6 Henry ( xem bdng 4.1, chuong 4)
Ky = 0,164 x 10* atm/mol & 25°C
St dung dinh luat Henry:

PCO2 (k) = Kth

Néu nhv nong do CO, trong khong khi 1a 330 ppm, vay thi PCO, (k) = 0,00033;
0,00033 atm = (0,164 x 10* atm) ( x, =phan mol).
Xy =2,01 x107
n, +n,
trong do : nw = 55,6 mol/l.

Vi

Zg

Nong do mol cia [ CO, (aq)] =ng ~ n, 7,

=55,6 x 2,01 x 107
[CO, (aq)] = 1.12 x 10” mol/I
Nong dd bao hoa theo mg/l.
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C, =nCO0,; x trong lugng phan tu.
= 1,12 x 10” mol/l x32 g/mol x10°
= 0,36 mg/l.

Budc 2 : CO, trong nudc phan tng véi H,O trong mdi trudng nudc, “nudc sdong
sach”, d€ tao thanh axit cacbonic yéu ( H,CO; ) theo phan tng:

CO; (aq) + H,O & H,CO;
Can biing K dudc biéu dién :

K = HCo,] =16x10"°
[CO,(aq)]
Nong d6 mol cla:
[HCOs] = K [COs(ag)]
=1,6 x 10°%.1,12 x10?
[H,CO;] = 1,79 x 10 mol/.

Rat khé d€ phan biét gitta CO, (aq)¥a H,COs trong dung dich va 14y ndng do cla
[COy(aq)] ~ 625[H,CO;5]. Ngudi ta dua vao axit cacbonic hiéu dung va dudgc dinh
nghia:

H,CO;* =H,CO; + COs (aq)
Nong do6 mol cla:
[H,COs*] = [ HyCOs] + [CO; (ag)]
=1,79 X10®* + 1,12 X107
[H,CO5*] ~ 1,12 X 107 mol /1. (3.24)

Buidc 3: Trong mdi trudng nudc, axit cacbonic hiéu dung (H,CO5*) 1a axit hai nic,
tfc 12 phan li theo hai giai doan. Giai doan thit nh4t phin li thanh ion bicacbonat
(HCO;3') va giai doan thit hai phéan li thanh ion cacbonat, (CO; ). Su phén 1i thanh
bicacbonat :

H,CO; <> H'+HCOy
Hiing s6 cin bing dugc bi€u dién qua cong thifc:

K, :W ~ 4.47x10 "mol /|
[H.CO; ]
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Giai doan thu hai, ion bicacbonat (HCO5') phén li thanh ion cacbonat
(CO5* ) va ion hidro (H"):

HCO; < H'+CO;”
Hing s6 cAn bing nic thit hai dugc bi€u dién biing cong thic:

«, _[HICO. ]
[HCO, |

e Toém lai trong hé cacbonat c¢é nhitng cin bing chinh nhu sau:

~ 4,8x10—11mol /|

COy(k) < CO, (dd)

CO,dd) + H,0 <« H,CO;
H,CO;" = CO,(dd) + H,CO;
H,CO; <« “HCOy + HY
HCO5 o COy . + H
H,0 < Hf +  OH

Buidc 4: P4 v6i (CaCO3) 1a mot ¢hi't rdn c6 phdn ng tan:

CaCO; < Ca’ + CO>

vdi tich s6 tan K,

K, =[Ca**]1[CO;” =5 =10 mol’

Vidu 3.6
Xdc dinh pH ciia nudc mua néu nhu nong dé ciia CO, trong khi quyén la 30ppm &

25°C va latm.

Gidi:
pH = -log [H']
Dé trung hoa dién tich, nong dé ion hidro cdn bdng vdi cdc ion dm ciia bicacbonat,

cacbonat va hydroxit :
[H'] = [ HCO5] + 2[COs” ] + [OH ]
pH ciia nude mua da biét la ¢é pH < 7 ; do vdy cdc gid tri ciia bazo [ CO3” ] va

[OH ] c6 thé bé qua. Nhu vdy:
[H'] ~ [HCO5]
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Biéu dién cdn bdng tir axit cacbonic hiéu dung (H,COs*):

« _[HIHCO, ]

L = 2~ 4,47x10 "mol /|
[H.CO; ]

do vay:

o _[HIH]

3.25

Tuy nhién, tiw phuong trinh (3.24):
[H,CO3*] = 1.12 x 10” mol/l.
do vay:
[H'P = K)[H,CO3*]
=4,47 X 107 X 1,12 X 07

[HY] =2,24 X ]0°
pH = -log [H"] = 5,65.

Vidu 3.7
Xdc dinh (a) pH va (b) do kiém ciia nude ngdm cé cicishanh phdn sau ddy & 15°C .

Thanh phdn ~ Nong do (mg/l)

Ca’* 190
Mg** 84
Na* 75
Fe** 0,1
Ccd** 0,2
HCO; 260
S0;* 64
CO;” 30

Ccr 440

NO;y 35
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Gidi:
(a) Xét su phdn li ctia HCOj':
[HCO5] = [CO;* ] + [ H']

+ 2-
Hiing sé can bing K, = w

[HCO, ]

O 15°C K, = 3,72X 10" mol/I
Trong luong phan tit cia HCOj3; = 61g/mol
do vay:
[HCO, 1= 29 _426x10°mol /I
1000x 61
Trong lugng phén tit ciia CO;” = 60 g/mol
do vay:
2- 30 —4
[COZ]=—— <50x10*mol /|
1000 x 60
T phuong trinh trén,

_, [HCO, T 4,26x107°

H'1=K =372x10™"
H=K, [CO,”] * “Gx10-
=3,17 x 10"
pH=-log [H"] = 9,5.
(b) D) kiém:
Nong do Nong dé X héa tri
Ion ( mg/l) Hoa tri (mg/l)
HCO; 260 1 260
cos 30 2 60

D6 kiem = 260 + 60 = 320 mg/l.

Vidu 3.8
Cho cdc sé'liéu phan tich nudc nhu sau. Xdc dinh cdc gid tri chua biét:
Ca®* = 40mg/l

Mg 2+ — ?
Na®™ =7
K" = 39,1 mg/l

HCO; = 96 mg/l
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S0, =355mg/l

Ccl = 3 meq/|

Do kiém: 3 meq/l

Do ciing khong cacbonat = 1 meq/|

Gidi:
(a) Sit dung do kiem dé xdc dinh [HCO5']
Pé kiém gdy ra chi do HCO5y
Trong luong phdn tit cia HCO3; = 61 g
[HCO, ]
61
dovdy [HCOj5 | = 183 mg/l
(b) sit dung dé ciing dé xdc dinh [Mg**]
D¢ ciing toan phdn = dj cing cacbonat + dé ciing khéng cacbonat
{Ca® +Mg™ ) = 3 meq/l + 1 meqg/l

Do kiem = 3 meg/l =

[Ca®] | [Mg*]

=4meq/|
KeDL  KLDL e

trong dé KLDL = khoi lugng duong fiiong.

40  [Mg*]
20 12,2
[Mg** ] = 24,4 mg/I.

= 4meq/|

(c ) Sit dung cdn bing anion va cation dé xdc dinh Na.

Nong do KLDL Nong do Nongdd  KLDL  Nong dd

Cation (mg/l) (mg/meq) (mg/meq) anion (mg/l) (mg/meq) (meg/l)
Ca** 40 20 2,0 HCO; 183 61 3
Mg 244 12,2 2,0 SO/ 96 48 2
K" 39,1 39,1 1,0 Ccr 35,5 35,5 1
Na* X 23 x/23 6
Tong 5+ x/23
Gid sit _anion=)_cation
6=5+ =

23
[Na™] = x =23 mg/l.
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3.5. PEM NANG

Nudc clia mot s6 dong song khi bi mura axit trd thinh nude c6 tinh axit. Tuy nhién
& céc con song khic nuéc khong bi 4nh hudng bdi mua axit, tic 12 pH clia nude van
dudc duy tri nhu ban dau. Sy khdc nhau nay 12 do c¢6 mit hoic khong c6 mit dung
tich dém. Nu6c song dugc xem 13 c6 dung tich dém néu nhu c¢é thé chong lai sy
thay d8i pH. Kha ning chong lai su thay ddi pH 1 do c6 mit cda cdc thinh phan
trong hé cacbonat. Cac bazo y&u nhu 12 HCOy, CO5”, va OH™ déu déng gép vao su
chdng lai thay d6i pH néu nhu axit manh dugc thém vao. Axit clia mua axit 13 axit
manh cda axit HNO; va axit H,SO,. Tuong tu, cdc axit yéu nhu axit H,CO; va
H;0%, chdng lai sy thay ddi cia pH néu nhu bazo manh (NaOH) dudc thém vio.
HAu hét hé thong nuéc ngot ¢6 pH trong khodng tir 6 — 9, nghia 13 chi c6 bazo yé&u
va axit y&u déng g6ép vao dung tich dém ctia hé théng nudc sdong. Hinh 3.1 dua ra
dudng cong chuin clia axit yéu cacbonic, H,COj; vdi bazo manh NaOH. C6 thé thiy
trong viing pH tir 6 9, pH thay d6i rat chim. Piéu ndy c6é nghia 13 axit cacbonic
c6 dic tinh dém tronying pH tir 6 — 9. So sdnh vdi dudng cong chuin cda axit
manh H,SO, khong c6 dung tich dém trong ving pH nay khi chudn dd véi bazo
manh NaOH.

Nudc ty phan li va ludn giif ¢dc sdn phdm ion 12 mdt hiing s6. Su hidrat clia
proton thanh [H;0"] tuong duong vgi [H'] :

H,O + H,0O < H30+ + OH

K, = [H;0"] [OH =10

Né&u nhu ndng dd clia bazd y&u [OH] ting 1én bdi thém vao bazo manh (NaOH)
thi nong d6 cta [H;0"] gidm xudng. Trong cdc phuong trinh clia hé cacbonat, khi
[OH] ting I&én, hudng clia phuong trinh s& chuyén vé bén phii:

COz(aq) + H,O — H2C03
H,CO; + H,O — H30+ + HCOs5
HCO; + H,0 — H;0" + COy”

Khi di chuyén vé phia phai, lugng HCO;  tao thanh nhiéu hon, trong khi d6 lugng
CO,” gidm xudng do vdy chi 1am gidm nhe pH. Tuy nhién, vi chi c¢6 lugng c¢6 han
CO,(aq), thAim chi dd dugc st dung hét dé€ tao thanh HCO;". Khi sy du trit HCO5
(hoic CO,) di tiéu ton hét, pH sé& gidm xudng mot cdch nhanh chéng.
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NaOH ——*

Hinh 3.1 Céc dudng cong chuin clia axit cacbonic va axit sunfuric

Pém niing 13 y&u td‘quan trong d€ duy tri chat lugng ngudn nudc ddi vdi su song
du6i nudce trong hé thong $ong ngoi.

Pém ning ciing rat quan ftong trong xi Iy nude va xi Iy nude thdi. Vi du nhiéu
qué trinh x 1y 1a qud trinh sinhvhoc (bun hoat tinh va tiéu hily bing vi sinh vat),
dung tich dém khong dd c6 thé gay s thay d6i pH nim phia ngoai viing t8i uu hoat
ddng cua vi sinh vat.

3.6. TICH SO TAN
Trong dung dich bdo hoa clia chit dién li it {an tOn tai cAn biing gilta phan chat
rin khong tan va ion cia né trong dung dich, vi du
AgCl(r) < Ag*+Cl™véiK = [Ae*][CI]

CaF, (r) o Ca’ +2F v6i K = [Ca™|[F)?

Trong trudng hop nay hiing s6 cin biing K dic trung cho tich tan ctia ching nén K
dugc goi 1a tich s& tan va dudc ky hiéu 1a T.

Tagcr = [AZTCI]; Teara = [Ca *][F (3.26)
3.6.1. Quan hé giira tich so tan va dé hoa tan
Né&u do hoa tan ctia AgCl trong nudc & nhiét dd nao d6 1a S mol/I thi ndng d6 Ag*
va CI" can biang v6i AgCl (r) cling 1a S mol/l . Tt d6:
Tagcr=S"hodc S= [T, (3.27)
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Mot phan tir CaF, tan trong nuéc tao ra mot ion Ca”* va hai ion F, nén néu do
hoa tan cua CaF, 1a S mol/l thi:

[Ca®*] =S va [F]=2S
3 T
Teor, = S(25)? =4S° = S:s\/;

3.6.2. Ap dung dung dd tan trong méi trudng nudc

Céc chat rin, chit 1dng va chi't khi ¢6 thé hoa tan trong nudc tao thanh dung dich.
Trong trudng hdp nay nudc dudc goi 1a dung mdi va cdc chit c6 thé 1a chdt rin,
hoidc chdt 18ng dugé goi 1a chat tan. Lam thé ndo d€ xdc dinh dudc do tan clia mot
cha't trong nugc? Mot $6,hadp chiat dé dang tan trong nu6c nhu mudi dn NaCl, nhung
c6 nhitng hdp chit hoan foan khong tan, vi du AgCl. Tuong tw, khi ammoni (NH3)
c6 do tan rit 16n trong nuGe trong khi oxy lai tan kém. Khi cdc chit di vao trong
mdi trudng nude, cdc chit d& tiw'ydi nuée d& dang trd thanh dung dich. G mot thdi
di€m sau dé sy hoa tan sé& trd nércin bing. Phuong trinh cAn bing clia cdc chat
hoa tan trong nuGc nhu sau:

AB, 5 aA%+ bB

Vi du: Al(OH); S AP +30H
hodc: NH; + H,O S NH," +OH
hiing s6 hoa tan : K, =[A]* [B]

va pK;=-log K;

Tich s6 tan ctia san phaim AI(OH)s, TaioH), = 107 mol*/1* .

P tan cia chat ran

Khi chat rin phan li thinh cdc chat ion, ngudi ta goi d6 12 qud trinh clia sy hoa
tan. Khi cdc chition cia dung dich bi€n ddi thanh chd't rin, goi 12 qua trinh két tda.
C4 hai qua trinh hoa tan va két tia dude 4p dung kha phd bién trong k§ thuit moi
trudng. Vi du, rita cdc hgp chation 6 nhiém trong dat trong thdi gian ngap lut. Lam
sach phospho trong nuc thii bing phudng phap két tiia vdi ion Fe’* theo phan ing:

Fe** + H,PO, < FePO, + 2H*
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Nhiéu tdc nhan héa hoc & dang rin nhu voi, phén nhom, than hoat tinh dudc hoa
tan duGi dang dung dich sau d6 dwa vao nudc thai. Vi du Al(OH); hoa tan trong
nudc va phan li nhu sau:

Al(OH); — Al ** + 30H
T,, = [Al]* [OH]’ = 107
trong d6: T, 12 tich s tan.

Tich s6 tan ddnh gid do tan va phu thudc vao cdc tham sd khic bao gom pH,
nhiét dd va dp sudt. Hop chat c6 tich s6 tan cang 16n cang dé tan. Bdng 3.2 dua ra
mot s& hdp chit thudng dudc sit dung trong k§ thudt moi trudng dé 1am sach cic
chdt 6 nhiém trong moi trudng nudc.

Bing 3.2 . Tich s6 tan ciia mot s6 hdp chat thudng dudc st dung trong k§
thudt moi trudng.

Tén clia Kgp_chat Tich s6 tan & 25°C
Ap dung Phén tng cin bing
Keo tu Hydroxit nhém Al(OH); < Al ** +30H 1x 10"
Cacbonat magié MgCO; < Mg + COs> 4 %1073
Téch do cing Cabonat canxi ( vOi) CaCoO ; & Ca® + CO5™ 5x 107
Téach sit Hydroxit sit Ee(OH); < Fe + 30H 6x 10738
Téch phosphat Phosphat canxi CafP0,), < 3Ca* +2P0,* 1x10%
Flo héa Florit can xi CalPi% Ca® +2F 3,9 x 10"
Téch kim loai Hydroxit dong Cu(OHYy <> Cu** + 20H 1,6 x 1077
Loai luvu huynh Sunfat canxi CaSO, <02 +8S0,* 2.4 %107

trong khi thai

Vidu 3.9

Xdc dinh nong do ion nhém (Al3+) trong nudc sach gdy bdi sy phdn li hoan toan
ciia Al(OH);. Cén biét ring ion A" dugc dinh nghia la chdt ion vi lugng trong nudc
va nam trong khodng tit ppt dén ppm.

Gidi:
Phuong trinh phdn li cia hidroxit nhom:
Al(OH); = Al + 30H
Tir Bang 3.2: Tsp= 1 x 107
[AI*][OHF = 1 x 107
Tix phdn iing ty lugng c6 thé thdy cit 3 ion OH thi ¢é 1 ion AF* . Nghia la nong do
ion [OH ] gép 3 ldn nong dé ion [Al°*], do vay:
[OH] = 3] AP’*]
[AFY] [OH PP = [APYJ(3[APY]) = 1 x 1077
27[AF" J* = 1x 107
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[AP*] = 44 x 107° mol/I

Khoi lugng phan tik ciia Al = 27 g/ mol

[AF*] = 44 x 107" mol/l x 27 g/mol x 10° mg/g
= 120 x 10° mg/l ( 120 ppt).

Vidu 3.10
Xdc dinh luong FeCl; cdn dé két tiia phospho trong nudc thdi vdi nong dé P bing
10 mg/l. Néu téc do chdy la 16,400 m’/ngay.

Gidi:

Phuong trinh phdn ving ciia FeCl; voi phosphat:

FeCl; .6H>O + H,PO, + 2HCO; — FePO, + 3CI + 2CO; + 8H,0
Khoi lugng phan ti ciia FeCl;.6H,0

55,9+ 3 x355+6 x18=270,4 g/ mol.

Khé'i lugng phan tii ctia FePOy:

559+ 31 +4 x16 = 1509 g/ mol.

Phuong trinh ty luong cho. thdy 1 mol FeCl; I6ng tao ra 1 mol FePO, két tia.
Tuong iing vdi ty 1 khoi lugng 270,4 : 150,9 hodic 1,8 : 1. Gid sit ty trong ciia dung
dich FeCls la 1,4 kg/l véi nong dé.Fe la 50%. Do vdy, 1 mol Fe can 1 mol P, vdy
khéi lugng Fe can thiét cho mdi don ¥ikhoi lugng ciia P la:

Khé'i luong mol ciia Fe %5,9
lkg x @ comrmmmm =] X - = 1,8 kg Fe/kg P.
khoi luong mol ciia P 31

Kho'i lugng FeCls I6ng trong méi lit la:
1,4 x0,5=0,7 kg/l
Kho'i luong ciia Fe trong mbi mot lit:

kg khoi luong mol ciia Fe 55,9
0,7 —-ome X <meemeemememeee e = 0,7 x-meme = 0,145 kg/l
Lit khoi lugng mol ciia FeCl; 270.4

Luong FeCl; can cho méi kg P la:
kg Fe Lit ciia FeCl;
) S —— X mmmmmm e = 12,4 lit cia FeCl;/ kg P
kg P 0,145 kg Fe
Luong FeCl; cdn thiét trong mt ngay:
36400 m’/ ngay x 10 mg P/ lit x 12,4 lit FeCl;/ kg P = 4513 lit / ngay.

T, - TR SR G, SRR % r o | SO | LT LR A TOY YN
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Chuong 4 ;
NANG LUQNG BE MAT VA SU HAP PHU,
DUNG DICH KEO

4.1. HIEN TUGNG BE MAT VA NANG LUQGNG BE MAT
4.1.1. Hién tugng bé miit

Trong thyc t& thudng gip nhitng hé di thé phan tin cao (gdm hai hay nhiéu pha)
nhu huyén phi, nhii tuong, hé keo...

Do c6 bé mit riéng 16n, trong hé di thé phan tdn cao thudng x4y ra qud trinh tu
thu hep dién tich bé mit nhu keo tu, hgp thanh nhitng hat hoic giot 16n. Mudn on
dinh @6 phan tdn cda hé keo hay nhii tuong cin dua vao chit bdo vé c¢6 kha ning
hap phu 1én bé mit phan chia pha l1am gidm stc cing bé mit. Sy ting dién tich bé
mit riéng cdc ti€u phan ( hay chia nhd hon céc ti€u phan ) dnh hudng 16n dén tinh
chat cia hé di thé phin t4n cao nhu tinh chi't co hoc, ciu triic, tinh chi't dién, quang
hoc, v.vv...

4.1.2. Niing lugng bé mit

Ning lugng bé mit 13 ning luofig cAn tiéu ton d€ tao ra mot don vi dién tich bé
mit trong diéu kién thuin nghich dangnhiét.

Gid stt ¢6 vatrin c6 dién tich bé mit 35, can ting dién tich bé mit1én S, ta c6:

~A=0(S-5)=0AS" . (4.1)

trong d6: S, = bé mit ti€p xidc pha rin — khi ban dai,§ = bé mit ti€p xiic pha rin
khi sau khi tiéu tdn cdng A
o = siic cing bé mit clia vat.

DA4u (-) tru6c cong A bi€u thi qué trinh tiéu tdn ning lugng chi d€ chia nhd bé miit
So.

Gia st cong A tiéu ton chi dung d€ thing luc tuong tic giita cdc phan tif trong vt
rin, nhu vdy cong A dugc dua vio 16p bé mit chuyén thanh thé ning du trit, vay:

_A=AG, = oAS
AGq g0i 12 th& ning bé mit hay ning lugng bé mit va :

AGq
= 4.2
o="3 (4.2)

o ¢6 don vi do 12 J.m™ hodc cal.m™ hodc N.m™
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Stic cing bé mit o 1 cong can thi€t d€ ting bé mit mot don vi hay 13 su bién
d6i cha niang lugng tw do tng véi mot don vi bé mit mdi tao thanh.

o phu thudc vao:

- Luc tuong t4c giita cdc phan tif trong vat rin (luc tuong tdc 16n, sic cing bé
mat 1én).

- Phu thudc vao pha ti€p xic v6i nd, vt rin c6é pha ti€p xic khi s& cé stic
cing bé mit 16n hon pha ti€p xiic 13 chat 16ng. Nhu vdy 13 pha ti€p xtc c6
lyc tuong tdc 16n thi stc cing bé mit s& nhd.

- Phu thudc vao nhiét do, khi nhiét do ting sifc cing bé mit gidm.

4.2. SU HAP PHU
4.2.1. Pinh nghia

Su hap phu Ia qud trinh tap trung chit I1én bé mit phan chia pha va goi la sy hap
phu bé mit.

Khi phan ti cdc chat’hdp phu di sdu vao trong 1ong chi't hap phu, qud trinh nay 1a
hap thu.

HAap phu dudc chia thanh hdp phu vat 1y va hap phu héa hoc:
Hdp phu vdt 1y: khi chat bi hip.phu va chat hdp phu twong tic v4i nhau bing luc
van der Waals thi nhiét hidp phu c& gid tri thAp va chat bi hAp phu dé bi gidi hip
phu.
Hdp phu héa hoc: luc tuong tdc gitta cacphin tif bi hdp phu va chit hip phu bing
luc hod hoc tao nén nhitng hdp chit bé mitmio dé. Nhiét hap phu héa hoc 16n va
vi vay rat kh6 khit ch4t bi hap phu.

4.2.2. Pha hap phu va pha bi hap phu
e Pha hap phu (chit hap phu) c6 thé 1a chat rin, heic 16ng c6 kha ning thu
hiit va giit trén bé mit n6é nhitng ion, nguyén ti, phan ti hoic hat keo.
e Pha bi hdp phu c6 thé 1a mdt cu ti hodc nhi€u ciu ti & pha khi hoic pha
16ng. N&u c6 nhiéu ciu tif lic ndy s& c6 sy hap phu canh tranh, nghia 13 c6
ciu tif dude hap phu trude cau tir khéc.

4.3. SU HAP PHU TREN BE MAT LONG KHI. CHAT HOAT PONG BE
MAT
Khi nghién cttu sy hip phu x3y ra trén bé mit 16ng khi, cé hai trudng hdp cia

cha't 18ng 1a chit 16ng nguyén chat va chat 16ng 12 dung dich. Chat 1dng nguyén
chat c6 thanh phin bé mit va trong 1ong thé tich 1a nhu nhau. Con chit 18ng 1a
dung dich ¢6 ba trudng hgp xay ra nhu sau:

1. Su hoa tan chit tan khong lam thay d6i stc cing bé mit cia dung moi.

2. Su hoa tan chdt tan 1am ting sic cing bé mit clia dung moi.

has yiae Trarowrr BE Ca nhons B thabs T8 BN
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3. N&u chit tan khong tap trung trén 16p bé mit ma chd y&u & trong 1ong dung
mdi va lam ting stfc cing bé mit clia dung moi dudc goi 1a chat khong hoat
dong bé mit.

Néu chit tan c6 kh3 ning tap trung trén bé mit va 1am gidm stc cing bé mit
dung moi thi goi la chit hoat dong bé mit. Vi du ddi vdi dung moi 1a nuSc, chat
hoat dong bé mit 12 chit gdm cdc hydrocacbon khong phan cuc ndi véi cdc nhém
chic phan cuc — COOH, -NH,, -NO,, OH' ... Chat hoat tinh bé mit 1a nhitng axit,
bazd hitu co, nhitng din xuit cia halogen hay hdp chit nitro ciia chit thom.

4.3.1. Phuong trinh hap phu Gibbs

Sy bi€n thién néng do chat tan & 16p bé mit dung dich goi 12 sy hap phu & bé mit
phan chia pha 1dng — khi.
Phuong trinh hdp phi ding nhiét ciia Gibbs:

ao o do (4.3)
RT dC

trong do:

a = d6 hip phu 16p bé& mit phan chia pha, mol/cm’®

R = hiing s0 khi ly tudng

C = ndng d6 chat tan

do = bién thién stic cing bé mit

dC = bi&n thién néng do chit tan

Khi g—g <0, stic cing bé mit nghich bi€n véi C, ¢c6@> 0 va hdp phu duong.

Khi g—g > 0, stfc cing bé mit dong bién véi C, ¢6 a < 0 v -hap phu Am.

Khi g—g =0 thi @ = 0, khong c6 sy hdp phu . Nhu vay c6 thé dung dai lugng (le_g dé
ddnh gi4 kha ning 1am ting, gidm stc cing bé mit. Nhitng chi't tan 1am gidm stc
cing bé mit nhu xa phong, mudi natri cla axit béo, hay nhitng phin tif c6 gdc
hydrocacbon cé s6 cacbon phd bié€n tir 12 d€n 17 va nhém phan cyc —OH, - COH,
-NH, ...Nim 1908, Simkobski di tim ra mdi quan hé stc cing bé mit cda dung
dich phu thudc vao ndng dd chat hoat tinh bé mit theo bi€u thifc:

o. = o0,— Aln(1+ BC)
trong d6 A, B = hiing s6 phu thudc vao bin chit cla chat tan va dung mdi.
C =ndng do6 chit tan.

Theo biéu thifc trén stic cing bé mit gidm khi ting ndng do C.
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4.4. SU HAP PHU TREN BE MAT RAN - KHI

Céc qud trinh hap phu (dic biét x4y ra trén bé mit phan chia pha rin — khi) dugc
st dung trong viéc 1am sach cdc khi va hdi, tdch cdc hdn hop c6 gid tri, xtc tdc di
thé, phan tich cdc hdn hgp bing phuong phdp sic ky...

4.4.1. Phuong trinh dang nhiét Langmuir
Bé mitrin hdp phu dudc gia thi€t 1 ddng nhat va c6 nhitng dic di€m sau:

e Bé mit chat hdp phu rin c6 nhitng vét nit, cdc gbc, cdc canh, nhitng dinh
nhon, cdc tap chat.. thudng tao nén nhitng trung tim hap phu. Tai nhitng
trung tAm h4p phu tdn tai luc hap phu, chiing 12 nhitng lyc héa tri chua bao
hoa tao ra trén bé mit chdt hdp phu rin mdt trudng hap phu.

e Do cidc phan t bi hip phu vao bé mit rin khong tuong tic nhau nén cic
trung tAm d36i hAp phu va chua bi hdp phu khong dnh hudng 14n nhau.

Gid stt c¢6 khi i ndo d6 o6 4p sudt p bi hiAp phu trén bé mit rin S va tao véi bé
mit rin phitc chat hdp phu. Lugng chat khi bi hdp phu ty 1& véi bé mit chat rin
dudc hap phu. Khi dat cAn bang hdp phu, nghia 12 van t6c hdp phu bing vin tdc
khtt hap phu. Phuong trinh ding nhiét Langmuir cho sy hdp phu don phin ti c6
dang:

K.P
1+ KP

a=a, (4.4)

trong do:
a = dd hap phu
a,, = dd hap phu cuc dai
K = hing s6 can bing hdp phu
P = 4p suit ctia khi i.

D&i v6i hdn hop n chi't khi bi hip phu trén bé mit rin. Khi dat trang thdi cAn bing
hap phu thi d6 hdp phu cia mdi khi van ty 1& vdi 4p sudt riéng phan clia n6 trong
hon hgp. Phuong trinh Langmuir ddi vdi khi i trong hdn hgp n khi s& c6 dang :

Kip
1+Zn:KipI

i=1

3 =a,
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4.4.2. Sy hap phu da 16p. Thuyét BET
4.4.2.1. Phuong trinh hap phu BET

Nhu ching ta dd biét, bic tranh vé sy hdp phu la phitc tap, thuyé&t hap phu
Langmuir chi hodn toan thich ¢ng trong mot s6 trudng hgp. Thuyét hap phu BET
(do Brunauer S., Emmelt P.H, Teller E. d€ xuit) dugc xem 1a thuyé&t dau tién thanh
cong md td qud trinh ding nhiét hip phu, né dudc sit dung rong rii trong thuc t& dé
xdc dinh lugng chit dude hap phu (& diéu kién P va T xdc dinh) cling nhu bé mit
riéng ctia chat hip phu S,. Xuit phat di€ém ctia BET déu dua trén cd s§ cia thuyét
Langmuir. Thuyé&t hap phu BET dua vao cic quan di€ém sau:

e Hap phu vatly tao thanh nhi€u 16p phan ti.

e Lgp dau tién cla chat bi hdp phu hinh thanh do do két qua tudng tdc cla luc
van der Waals giita chdt hdp phu va chit bi hadp phu. Nhiét hip phu ciia 16p
nay 1a g;. cdc 16p ti€p theo dudc hinh thanh do su ngung tu cla cdc phan tk
hoi “lanh “, tdgng 'ng qud trinh nay c6 hi€u tng nhiét la ¢, .

e Céc phan tif chitbi hdp phu chi twong tdc v6i phan ti 16p trude va sau né ma
khong tuong tac vdiphan t& bén canh.

Phuong trinh BET c6 dang:

v= o P/ Dy (4.5)

(L- p/ pyJT+ep/ py — P/ Py)

V. cp
(o — PAL* (e —1)p/ po]

hay: V= (4.5a)

Trong d6: pg— 4p sudt hoi bao hoa clia khi, v — thé tich khi bi hAp phu & 4p suit p;

v, — thé tich khi bi hap phu trong 16p don phin tir ; ¢~ thira s6 ning lugng, c
~(dn—aL) / RT
~ e .

Néu dit x= P thi phuong trinh (4.5) c6 dang:

Po

v, CX
Y= (1-x)1+cx—x) (4.0)

4.4.2.2. Tinh chat ctia phuong trinh BET
Xdc dinh chinh x4c bé mit riéng S clia chit hap phu bing cdc s6 liéu thuc
nghiém:

<o

b _ P, ol gy
Ppo=pP Vv, V., C
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x 1 +(c—1)x
v(l-x) cv cv

m m

hay: (4.7a)

Pay 1a dang cdc phuong trinh dudng thing néu xét su phu thudc:

X
v(1-X) - f(x)}

T s6 liéu thyc nghiém c6 thé xdc dinh dugc v,, , ¢ va tir @6 c6 thé tinh dudc bé
mit riéng clia chdt hAp phu cin nghién ctu theo phuong trinh:

2240050
== 4.8
m NA B (4.8)
Trong d6 B - y&€u @ hinh hoc phu thudc vao su sip x&p cda phan tif chit bi hap

phu, néi chung g = 1 néu.cdc phan tir sip x€p theo ki€u xit chit, sd phdi tri 12 6.

4.4.2.3. Cac loai chat hap phu va dic tinh c¢d ban cia ching

Mot trong nhitng dic diém quan trong ctia chat hap phu rin l1a d6 x6p. Do xdp
thé tich bi€u dién bing ty s6 gitia tong thé tich 16 hdng vé6i tdng thé tich cla hé
phan tdn (khdi chdt hap phu). Khdi niém do x6p dudgc st dung rong ridi d€ phan
loai va ddnh gid dic tinh clia chdt hdp phi; Dua vio d6 xdp c6 thé phan cdc chat
hap phu thanh céc loai sau:

e Céc chat khong x8p: loai ndy du két cAu chiat.yAn hinh thanh ciu tric ¢6 16
hdng. C4c 16 hdng d6 chinh 12 cdc khe ma cac hiat nguyén td (ciu thanh vat
cha't) sdp x€p lai sdt lai nhau tao ra, tuy thudc vao kich thude va hinh dang
cdc hat nguyén t6 ma c6 thé 16 x6p 16n hay vi x6p.

e Cic chat hdp phu xdp — 12 loai trong d6 ciu tric bao gdm céc hat véi 16 xdp
bén trong hay mang khong gian chita 156 hdng nhd.

Céc chat hdp phu khong x8p dudc tao ra bing cdch cho két tia cdc chat két tinh
khé tan cia mudi, oxit (nhuw BaSO,, Ti0,..), hay dem nghién cdc chit két tinh va
khong két tinh roi dem nén lai. Loai nay c6 bé mit riéng khong 16n, thudng thi S,
<100 m¥g .

Céc chat hap phu xdp vdi bé mit riéng Sy 16n c6 thé dugc di€u ché bing nhiéu
céch, trong d6 c6 hai phuong phdp quan trong nhat. Phuong phdp th nhat 1a tao
thanh k&t cAu rin tir cdc hat nhd c6 kich thudc keo v6i bé miit trong phat tri€n 16n.
Vi du tiéu bi€u cda loai chit hap phu tir cdu tric hat dé 1a silicagel, alumogel,
alumosilicat va dang hoat dong clia oxit mangan. Sillicagel ciing ¢é thanh phin héa
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hoc 1 SiO, nhung dugc di€u ché trong cdc di€u kién thich hdp nén la vat liéu hap
phu c6 do x6p cao.

Trong phuong phdp tht hai ngudi ta thu cdc chat hdp phu cé ciu tric x6p bing
céach cho cdc chat khi hay 1dng tdc dung 1én vat rin khong c6 10 x0p hay it xdp.
CAu tric x6p thudc loai ndy dudc tao ra khong phdi tif cdc hat ma tir mang ludi
vitng chic cta pha rdn. Than hoat tinh 12 mot vi du thudc loai nay. Thuy tinh x8p
c6 chtta nhi€u mao qudn 12 mot trong nhitng vat liéu cé ciu tric x6p dugc tao ra
bing phuong phdp tht hai. Chat hdp phu tinh thé c6 16 xdp tiéu bi€u nhit 1a cic
Zeolit ty nhién va tdng hop. Zeolit 12 mot loai alumosillicat tinh thé cé cong thic :
R,™ (hay R**) 0.A1,05.nSi0,.mH,0 . R,**, R*" 1a cdc cation héa tri 1 va 2 nhu K,
Na*, Ag* va Ca®*, Ba®*, Sr**. T& bao co s§ cdu thanh tinh thé Zeolit 1a t¢ dién SiO,
va (AlO,)™" (cdc héa tri Am & day dudc bu trir bdi cdc cation R,™ , R*"). Cédc tit dién
dé (thudng bao gdm 24 khdi) sip x&p c6 quy luit trong khdng gian tao thanh khdi
bat dién don vi bAci2 dudc goi 1a cdc sodalit va cédc tinh thé c6 mang khong gian
x0p. Tuy thudc vao cdeh 1dp ghép khdc nhau clia cdc sodalit ma thu dugc cdc loai
Zeolit khdc nhau. Trong ¢ic loai Zeolit A cdc sodalit ghép thanh mang khéi lap
phuong don gidn nhu ki€u tinh th€ mudi dn. Trong cic loai Zeolit X mang tinh thé
¢ céu tric theo kiéu kim cuone.

4.4.3. Hap phu chat tan trong dung.dich

HAp phu chit tan trong dung dich trén §¢ mit chd't hdp phu rdn 1a qué trinh phitc
tap. Chit tan bi hip phu c¢é thé 1a phin t“hay ion. Phuong trinh hip phu ding
nhiét Langmuir c6 thé 4p dung cho céc qud trinh nay nhung thay 4p sudt p bing
ndng do C.

- Hdp phu chon loc: bé mit chat hap phu rin chishAp phu cédc ion trong dung
dich c6 & thanh phin ciu tao cia bé mit rin, hoi¢ nhitng ion ddong hinh vé6i
no.

- Hdp phu trao déi: chi't hap phu rin sé trao d6i v6i dung dich ion ciing dién
tich. HAp phu trao d6i c6 tinh thuan nghich va van téc trao d6i nhd.

4.5. CAN BANG DUNG DICH - HOI
4.5.1. Ap suat hoi, dinh luat Raoult
Lap luan cda Raoult vé cin biing hdi trén dung dich 1y tudng 2 ciu ti:
- C4c phan tif clia cdc chat gidng nhau, chiu lyc tuong tic gidng nhau, do vay
kha nidng bay hai cta ching chi phu thudc vao nhiét do.
- Ap suit hoi bdo hoa ctia mdi chat ty 1& thuin v6i phan phan ti cia né trong
dung dich:

P = kR.XiI (4.9)

has yiae Trarowrr BE Ca nhons B thabs T8 BN
75 I HIE VIEH 1 FISOR S DT S P OHE 8§ DR I

http:/mwww.thuvienspkt.edii. vi




khi i nguyén chat thi X; =1
va:
kg = P,° (4.10)
day 12 biéu thifc cd ban clia dinh luit Raoult.
K- hing s6 Raoult bing 4p sudt hoi bio hoa clia ciu tl i nguyén chat
do vay:
P =P%x/ (4.11)
Tuong tu nhu dinh ludt Henry, dinh ludt Raoult chi 4p dung dugc cho dung moi
ctia dung dich vo cung lodng.

4.6. CAN B;‘NG GIUA DUNG DICH LONG VA RA,N
4.6.1. D giam ap suat hoi ciia dung dich

Da6i véi dung dich chit tan khong bay hdi, 4p suat hoi trén dung dich biing 4p suit
ctiia dung moi.

Né&u xem dung dich la dung dich 1y tudng thi 4p sudt ndy tuin theo dinh luit
Raoult:

P=RsPR’ =R’(1-X)

trong d6: x = tong s6 phan mol clia cdc chat tan khong bay hoi
P°= 4p suit hdi cia dung moi nguyén chat & cing nhiét do.

Tir d6
P=P°-P°x
PP
1P AP 4
R R

Pay 1a hé thic phdn d4nh ndi dung cta dinh ludt Raoult vé d6 gidm 4p suit hoi
cda dung dich chat tan khong bay hoi:

D¢ gidm twong doi dp sudt hoi ciia dung dich bdng téng phdn phdn ti ciia cdc chdt
tan khéong bay hoi .
Dung dich cang dic, 4p suit hoi cang gidm.

g S g Emgar e L A SR s SEy e
76 I Hir vien [ Fegrhg S0 S0 pRamt Sy thinat 100

http:/mwww.thuvienspkt.edii. vi




4.7. AP SUAT THAM THAU - PINH LUAT VAN’- HOFF
4.7.1. Dinh nghia

Su thAm thau la hién tugng khué&ch tin mot chiéu cda cdc phan ti dung mdi qua
mang bdn thAim (mang b4n thAim 12 mang chi cho cdc phan tf dung mdi di qua ma
khong cho cdc phan tif hoa tan lot qua). Hién tugng ban thim thé hién ra't ro khi hai
mang ban thAm chita dung dich c¢6 ndng d6 khdc nhau ctia chit tan hoic mot bén 1a
dung dich con bén kia l1a dung moi.

4.7.2. Ap suat thim thau

Hién tugng thaim thau lam cho muc cta dung dich & mot phia clia mang ban thAim
dang cao tao nén mot dp sudt lam cho hién tugng thim thiu ngirng lai. Ap sudt
dugc tao bdi cdt dung dich dic trung dinh lugng cho sy thim thau dugc goi la 4p
suit thim thau P. Ap suét thim thdu P dudc tinh theo cong thic:

PV = nRT :%RT (4.13)

2 Y . m A A
trong d6: V — thé tich dung dich; v = i sO mol chat tan;

R — hiing s0 khi ly tudng, gia tfi.ctia né phu thudc vao cdc don vi ctia P, V.
Cong thiic (4.13) cling 1a cong thitc cua Raoult. Cong thic nay chi ding trong
trudng hop dung dich lodng clia cdc chit khang dién li.

4.8. CAC Vi DU VE SU HOA TAN CUA KHi TRONG LONG, SU BAY HOI
TRONG MOI TRUONG
4.8.1. Su hoa tan cua khi trong long

Do hoa tan clia cdc chat khi trong 1dng phu thudc vao badn chit clia chat tan va
dung mdi, nghia 13 phu thudc vao ciu tric phin tl va tuong tic gitta cdc phan t
chat tan va dung moi.

Do hoa tan clia khi trong 16ng phu thudc vao cic yéu to:

e Do tan cha nd trong nudc

e Ap sudtriéng phin clia chdt khi & bé mat khong khi / nudc hodc bé mit chi't
ling dong / nuéc.

e Nhiét do cua nudc.

e Mitc mudi trong nuéc.

Né&u nu6c chira nhi€u chat khi riéng biét thi nudc c6 thé néi 12 bao hoa chat khi
d6. Vi du ndng d6 bao hoa cia O, trong nudc & 20°C 1a 9,3 mg / 1. N&u § 20°C
nudc chia 7,5 mg/l c6 nghia 1a tuong duong véi 80% bao hoa. Khi oxy hoa tan
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trong nudc cAn bing véi oxy trong khong khi, nude bao hoa véi oxy téi 100 % . Khi
oxy vudt qui 100% thi nudc qué bao hoa oxy. Qué bdo hoa c6 thé x3y ra trong cic
trudng hop sau day:

1, Nu6c chdy tran qua dap va x6i xuong bé sdu & phia ddy tao ra nudc trong bé sau
chita qua 100% khi bdo hoa. Piéu nay x3y ra 1a do lugng bot khong khi qud nhiéu
giit lai trong b€ nudc siu, cdc bot nudc chim xudng ddy hodc ndi lai 1én trén bé
mit, 4p xuit gidm rdt nhanh va hién tugng qué bio hoa xay ra.

2, Hoat dong tdng hdp quang héa x4y ra rit manh (dic biét trong mua he) bdi thuc
vat dudi nuc sinh ra nhiéu lugng oxy hon la qué trinh ddy oxy ra ngoai khong khi.

3, Khi dong thai nhiét thai ra cdc song hd vdi nhiét d6 (thudng 1a 10°C t6i 20°C)
cao hon nhiét do ciia nude, nhiét dd cliia nudce ting 1€én nhanh chéng gay ra qua bao
hoa oxy trong viing lanein cia dong thai.

Do tan clia cdc chat khirong nudc lién quan dén 4p suit riéng phin cia chat khi
trong khong khi trén bé mit midc bdi dinh luat Henry:

P, = Koz, (4.14)
trong do :

P, = 4p sudtriéng phan cda chdt khi , am?

K, = hiing s6 clia dinh luat Henry, amt ( xem bang 4.1)
X, = phan mol cAn bing ctia chdt khi hoa tan.

mol clia chdt khi ( n,)
dovay:  yy = e (4.15)

mol clia chat khi( n,) + mol cia nuéce ( n,)

Ap sud't rieng phin P, cia chi't khi trong khong khi 12 ndng do thé tich nhan véi
4p sudt khong khi. Khong khi chita ~ 21% oxy, 4p sudt riéng phin cda oxy ~ 0,21
atm. Mitc oxy trong nu6c 13 mot tham s6 quan trong d€ xem xét sy thich hop cho
cdc dong vat thuy sinh. Vi du : c4 hdi nudc ngot can mifc oxy trong nudc qui 6,0
mg/l. C4 nudc ngot (ngoai trlr ¢4 hdi) cAn mifc oxy trong nudc 16n hon 3 mg/l.
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Bdng 4.1: Hing s6 K, ciia mdt s chat khi

K x 10" arm

Nhiét do

(OC) Khﬁng khi N2 02 C02 CO H2 HQS CH4
0 432 529 255 0073 352 579 0,027 224
10 549 6,68 327 0,104 442 636 0037 2,97
20 6,64 8,04 401 0,142 536 683 0,048 3,76
30 7,71 924 475 0,18 620 729 0,061 449
40 8,70 104 535 0233 696 7,51 0075 5720

Vidu4.1

Xdc dinh nong do baéhoa ciia O, trong nude & 10 °Cva 20°C & 1 atm .

Gidi:
O, chiém 21% khéng khi ( v/v)o— Pg = 0,21xlamt = 0,21atm
T phuong trinh ( 4.14)
P
¢]
Z L2
g Kh
Do vay:
0,21
=% _642x10°
s = 327x10° §
Mot mol HyO béing 18 gam:
Tir phuong trinh (4.15)
ng
Ag =
n, +n,
n
6,42x107° = —2—
n, +55,6
Vi ng << 55,6, nén ta cé thé viét:
ng = 6,42 x 10° x 55,6 = 357 x 10° mol/I
= 3,57 x 10" mol /1.
Nong dé bao hoa ( mg/l)
79 Tiue vién Trieong DH Sie ph
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C, = n,M, trong do M = trong lugng phdn ti ciia oxy
= 3,57 x 10" mol /1 x 32 g/mol x 10° mg/g
= 11,4mg/l ¢ 10°C ( & 1 atm).

Khi nhiét d6 ting, ndng d6 bao hoa gidm xudng. Do viy trong mila 4m mifc oxy
trong nudc song c6 thé bi thi€u hut t6i nhu cau oxy clia chit thdi hoic rong tio.
Nong do bao hoa clia oxy ciing phu thudc vao ndng do clo trong nuéc. Vi du, &
20°C khi khong c6 clo, ndng dd bdo hda ciia oxy x4p xi bing 9,3 mg/l. G mifc
ndng dd clo biing 20 000 mg/l, ndng d6 bdo hoad C; clia oxy xap xi biing 7,4 mg/l.

Vidu 4.2
Xdc dinh nong do bdo hoa ciia (a) nito trong nudc & 20 °Cc, ¢ 1 arm, (b) CO, trong
nuée 620°C, & 1 arm.

Gidi:
Khong khi c6 797N, ( v/v) = P, = 0,79 x latm.
Tix Bing 4.1, $ 20 °C

K, = 804 x 10" atrm/mol

0,79 6
=—" — _=98x10"
X9~ g0ax10"
=5
9 n, +55,6

n, =5,46x10"*mol /|

Nong dé bao hoa,( trong lugng phén ti ciia N, = 28)

C. =546x10"x 2810
= 15,29mg/|

(b) CO; chiém 0,033% khong khi ( v/v) = P, = 0,00033 x I atm = 0,00033atm
Tix Bing 4.1 6 20°C :

K, = 0,142 x 10* atm/mol

g = 200033 _ 4 03351070
014210

T, - TR SR G, SRR % r o | SO | LT LR A TOY YN
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Ny

n =
n, +ny

g

n
0,233x10°=—39
n, + 55,6

n, =013x10*mol /|

Noéng dé bao hoa:

Cs =013x 10“ x 44x10°
=057mg/l ¢ 20°C va I amm

Tém lai, nong dé bao hoa & 20 °Cva latm la:
0, = 9,3 mg/l

N, = 15,3 mg/l

CO, = 0,57 mg/l

4.8.2. Sy bay hoi

Chat 18ng va chat rin c6 thé bse:hoi vao trong khong khi. Co ché& boc hoi tuong
tu nhu sy bay hoi clia dich dat. Hinh 4112 so d6 cd ch& cla bdc hoi / bay hoi.

T6c dd boc hoi (truyén khoi) clia cacchAt hitu cd bay hoi (VOCs) ty 1& véi su
khdc biét giita ndng d6 bao hoa hoic ndng @o cin bing trong thé nudc va ndng do
ton tai ciia VOC trong thé nudc. P6 la:

r=-k( C-C) (4.16)

trong do:

r= téc do boc hoi, g/ m’.h

k = hé s6 truyén khdi, m/h

C =ndng dd ctia VOC tdn tai trong thé nu6c

Cs = ndng d6 bdo hdoa ciia VOC trong khong khi , g/m’

Néu C < Cs, khong ¢6 su bdc hoi xdy ra. Néu C > Cs, su boc hai xdy ra. Néu
chat VOC dugc gid st boc hdi tir thé nude c¢é dién tich gidi han, nhu 1a bé chita
nuéc, cé dién tich bé mat 1a A, do sau A, thi:

Dong chdy ra dobdc hsi =  rA,, g/h
Af NI N dC
Mat VOC tur thé tich A, h 1a : EA’h

T »a ;A GO % o gl i I | e 2 ibhaad T ETA
81 Thie vign Trieong PH Sie pham K thudt TP.HM

hittp A www. thuvienspkt.edii. v




Gia st sy boc hoi khong phu thudc nhiét dd bé mit, toc do gid..., vay:

dC
—Ah=r
dt A A
dC r Kk
—=—=——(C-C
m H(€-Cs)
LAy tich phan, ta nhan dudc:
C-Cs _ exp(ﬁ] (4.17)
C,-Cq h
va nhu vay:
C = C4+ (Cy— Cs) exp (%j (4.18)

trong do:
Cy=ndng dd VOC trong khong khi & thdi di€ém =0
C =ndng d6 VOC trong khong khi’g thdi diém batky ¢

Pay 1a mo hinh don gidn clia sy boc Hei hdp chit hitu c¢d bay hoi (VOC). Gid st
c6 nhitng diéu kién ctia khong khi, t6c doboc hoi ting véi toc dd gié va nhiét do
khong khi. C4c hdp chat VOC bén trong moi titisng khong khi va dd bén cla chiing
dugc dic trung bing thdi gian bdn sdng, tic 1a thai gian can thi€t &€ ndng do clia
VOC gidm di mot nira so v6i ndng @6 ban dau. Bua€ /2 nhu 12 ndng do clia VOC
tuong duong bing mdt nita ndng dd ban dau, Cy, thay ¢ bing Cy/2 trong phuong
trinh (4.18) , ta c6:

C,/2-Cq :exp(ktl,zj
C, - Cs h

Vi C; trong khong khi rat nhd, do vay n€u Cy — 0 thi:

t,, = 0,692 (4.19)
Vidu4.3
Xdc dinh thoi gian cdn thiét dé boc hoi doi vdi benzen (CsHg) va DDT (C14HoCys)
16i 1/2 néng dé ban dau ciia chiing tit nha mdy xit Iy nudc thdi dugc giit trong bé cé
do sau 2 m. Hé s6 truyén khoi doi véi benzen béiing 0,144 m/h va déi véi DDT la
9,34 x 107 m/h.

T, - TR SR G, SRR % r o | SO | LT LR A TOY YN
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Gidi:
Theo phuong trinh ( 4.19) :

h
t,,, = 0,69—
1/2 K

kgy,= 0,144 m/h
kppr= 9,34x 107 m/h
do vdy, doi vdi benzen:

_ 0,69x2

_299x2 g5,
Y2 0144
va doi véi DDT:
0,69x 2
=————=147h
Y2 934x107°
Profile vudng goe¢
cda toc do gi6 Su van chuyén cda chat
Ngang bdi huéng va khuéch tdn

Phan 16p Bdc hoi khuyéch tédn
ngdn cach tu 16p ngdn cach

/ Bdc hoi thodt ra
Tir bé miit

Bé mit dat hoic
bé mit chit 16ng
hoic bé mit rin

Hinh 4.1 S6 @& qud trinh bdc hoi / bay hoi

THi I Timrom o B Cre ik o i st TE EFA
83 4 e vien 1rieeng D5 yic pha thudt TP.HM

hittp A www. thuvienspkt.edii. v




4.9. DUNG DICH KEO
4.9.1. Cau tao cia hat keo

Hat keo c6 c4u tao rit phifc tap, & giita 1a nhin keo, bao gdbm tip hop hang trim
hodc hang nghin phan tif. Bé mit riéng clia nhan keo rat 16n nén nhan keo c¢6 kha
ning hap phu manh va hip phu chon loc nhitng ion c6 trong thanh phan hat keo.
Tuy theo loai ion hap phu ta s&€ thu dudc keo 4m hay keo duong. Liic d6 nhan keo
va 16p ion ké st mang dién va hiit nhitng ion ngugc didu bao quanh (sinh ra 16p ddi
ion) tao thanh hat keo, Ngoai ra hat keo con hiit nhitng ion ngudc ddu & xa hon
(sinh ra 16p khué€ch t4n) tao ra misen keo — misen trung hoa dién. Vi du ta c6 phin
ting trao ddi gitta hai dung dich:

AgNO; + NaCl = AgCly + NaNO,
Tap hop cdc phan‘tir AgCl tao thanh nhian keo. Gid st trong dung dich du ion Ag"

chiing s€ tao hat keo dueng:

{m[AgCl] n Ag* + (n-x)NO; } ¥NOy

nhan keo 16p hap phu

hat keo

misen keo

4.9.2. Tinh bén cuia hat keo

C4c hat keo ( ky nu6c ) mang dién cung diu sé dﬁ'y nhau bing lyc hit tinh dién
va khi va cham chiing khong bi dinh két lai v6i nhau do d6 hé keo bén virng, con
ddi v6i keo wa nudc dd bén cia hat keo phu thudc vao 16p vd sonvat (hoic
hidrat).Y&u t6 chuyén dong nhiét ctia hé keo ciing lam ting thém tinh bén virng
clia hé keo. P bén clia hé keo phu thudc vao ban chi't phin tdn, do phan tin, dung
mdi, sy c6 mit clia chit 1am bén nhu chit hoat dong bé mit, nong do hat phan tdn
va nhiét do.

4.10. SU KEO TU CUA KEO VA PEPTI HOA
4.10.1. Su keo tu

Hién tugng cdc hat keo dinh két lai v6i nhau va tao thanh két tha goi 1a su keo tu,
do hat keo mang dién nén khi thém chat dién ly vao dung dich keo, n€u ndng do
chat dién li vudt qua ngudng nao dé gy sy ting ndng do ion trong dung dich, ddy
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ion nghich & vé khué&ch tin di vao 16p hap phu cia hat keo lam gidm dién tich hat
keo, gidm luc ddy, gy ra su keo tu. Ngoii ra con c6 thé gdy nén su keo tu bing
ciach cho vao dung dich keo nhitng loai keo nghich diu hoic d6t néng dung dich
keo, 1am gidm I6p hdp phu vao nhan keo. Vi du sy dong tu keo dat sét, cat & ctra
song khi gip bi€n gy nén cic bii bdi, hay cdc hat keo sét trong nudc sdong cé thé
két tlia bing phén nhom.

4.10.2. Su pepti hoa

Su pepti héa 1a qua trinh ngugc lai vdi su keo tu. C6 thé x3y ra su pepti héa khi
cdc sadn pham dong tu ti€p xiic v6i dung dich dién li dude dua vao; khi dé cdc hat
keo lai hdp phu chon loc cédc ion va ching tich dién lai. Luc k&t dinh yé&u di, luc
khué&ch tin ting, dan t6i sy phan bo lai cdc hat keo va dung dich keo dudc tdi tao.

Su pepti héa véi dung dich keo dong tu con ¢ thé thuc hién bing cdch thém vao
dung dich chat hoat'dong bé mit. Ching dudc hdp phu vio bé mit hat keo, tao ra
bé mit c6 16p sonvat ¥ sau d6 do chuyén dong nhiét, cdc phan ti¥ bi tich ra tao
thanh hé keo bén vitng. €hi't hoat tinh ¢ thé 12 lignhin — natri sulfonat, xa phong,
alizarin... Su pepti héa chi c6thé thyc hién dugc ddi véi nhitng két tia keo mdi hinh
thanh.

4.11. CAC TINH CHAT CUA DUNGDICH KEO
4.11.1. Tinh chat quang hoc

Chi€u chum tia sdng vao dung dich keo th4y xudt hién ving 4nh sing sing mdJ
duc c6 dang hinh nén. Hién tugng nay goi la hi€n tugng Tyndall. Hién tugng nay
dudc gidi thich bdi kich thuSc hat keo 16n hon rat rhicu kich thude phan tir nén khi
chi€u sing cdc hat keo s& khuéch tin di moi phuong; Itic nay hat keo trd thanh
di€m sdng thit cip.

4.11.2. Chuyén dong Brown

Khi diing kinh hién vi quan s4t dung dich keo ta thdy cic di€m sing chuyén dong
hdn loan. P6 1a chuyén dong Brown ciia hat keo. Chuyén dong Brown 1am cho hé
keo dudc phan bo déu.

4.11.3. Su sa ling cia hat keo

Trong dung dich keo do hat keo c¢6 kich thuc nh4t dinh, din d€n hat keo c6 mot
kh&i lugng nao d6 va chiu tic dong clia luc trong trudng giy cho hat keo sa ling.
Con khuéch tin va chuyén dong Brown c6 khuynh huéng 1am cho hat keo phan bd
déu trong thé tich hé. Khi c6 su cAn bing giita luc khuéch tin chuyén dong Brown
va su sa ldng thi trong hé keo c6 sw phan bd hat keo trong hé mot cach On dinh.
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4.11.4. Hién tugng dién di

Khi dat dung dich keo vao trong dién trudng dudi tdic dung ctia dién trudng hat
keo chuyén vé phia clia dién cuc trdi diu, con dung moi cé chita cdc ion & 16p
khuéch tdn chuyén vé phia dién cuc kia. Dudi tic dong cda dién trudng, pha nay
chuyén dong tuong d6i vdi pha kia, diéu nay c6 nghia hai pha tich dién ngudc dau
nhau. Hién tugng pha rin dich chuyén tuong ddi v6i pha 18ng goi 12 hién tugng
dién chuyén hay dién di.

4.12. Huyén phu va nhii tuong
4.12.1. Huyén phu

Huyén phi 12 hé phin tdn clia chit rin trong chat 18ng, kich thu6c hat rin trong
huyén phi 12 loai hat thé (d > 10” m).

Huyén phil c¢6 cédc tinh chdt nhu chuyén dong Brown y&u va hiu nhu khong
khué&ch tin, dé bi sating, N6 khong khuéch tdn 4nh sing nhu dung dich keo.

Hé huyén phii kém bén do tinh dong hoc clia né nhd, mudn cho bén hé huyén
phll ngudi ta thudng cho th&im chat cao phan t hay chit hoat dong bé mit.

4.12.2. Nhi tuong

Nhil twong 1a hé phan tdn ¢6 phan {(phan tdn 12 16ng va dung moi 1a 18ng.

Nhii twong 16ng — 18ng 13 hé c6 hai phaildng c6 ban chit khdc nhau. Nhil tuong c6
loai lodng va diic va dugc gidi han bdi phin rim pha bi phan tidn trong mdi trudng
phan tin. V4i nhil tuong dic gidi han pha bi phiin tdn dén 74%, nhii tuong lodng c6
thé tir 0,1 — 2% tuy thudc vao ban chit hai pha. V@i nhii tuong ddm dic can phdi ¢
céc chi't nhii héa bido vé. Vi du néu lic diu hda v&wnude thu dude nhii tuong dau
nude (D/N). N&u dung lugng 16n dau, lugng nude nhd: thu duge nhii tuong nghich
(N/D). Nhii tuong 13 hé di th€ khong bén nhiét dong, cac giot nhii tuong d& k&t hgp
véi nhau d€ tao thanh hai pha 18ng tich biét.

Muén ting thdi gian song cla nhii twong phdi dua vao chit nhii héa thich hop.
Cha't nhii héa c6 thé 1a chat hoat tinh bé mit nhu xa phong, hoic cdc chit nhil hda
rin nhu bdt mudi than hay bot dit sét, thach cao...

ChA't nhii héa la chat hoat dong bé mit dé hap phu 1én giot dau hodc nuSc chong
lai sy dinh lai v6i nhau clia nhitng giot 16ng va lam cho giot 16ng thanh cung d4u
dién tich.

4.12.3. Bot

Céc bot di€n hinh 13 nhitng hé phan tin rat thd va rat dim dic khi (thudng 1a
khong khi) trong chat 16ng. Cdc bong khi trong hé d6 c6 kich thudc cd milimet va
trong mot sd trudng hgp, c¢d centimet. Do c6 thira pha khi va ép 1én nhau nén céc
béng khi trong bot s& mat dang hinh cau va trd thanh nhitng t& bao hinh da dién c6
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vach 12 nhitng mang chit 16ng cila moi trudng phan tdn rit méng. C4dc mang cla
bot thudng c6 mau do sy nhi€u xa 4nh sdng.

Do bot bao gdm céc t€ bao da dién nhu vdy nén né cé ciu tao ki€u t& ong. Kich
thudc clia cdc bong khi va su sip x€p cdc béng d6 sit vao nhau trong bot lam cho
chiing khong c¢6 chuyén dong Brown nita. Ngoai ra do cdu tao dic biét, cic bot bén
vitng ¢6 mot dd citng hoic mdt d6 bén co hoc nao d6. Néi chung, theo ciu tao va
vé nhiéu tinh chit, c4c bot thong thudng rat gidng véi cdc nhil tuong dam dic cao.

Do bén vitng va thdi gian ton tai clia bot phu thudc vao tinh chi't cia khung mang
va do dé dugc quyét dinh bdi ban chat va lugng chit tao bot ¢ trong hé do sy hap
phu ma tip trung trén bé mit phin cdch pha.

Tinh bén vitng tip hop cla bot thay ddi trong gidi han rong phu thudc vio ban
chit va ndng do clia chi't tao bot. Theo thdi gian, cdc mang giita cdc bong khi trong
bot méng dan di do sy chdy cda chit 16ng. Béng khi s& vd ra, bot bi phd v& va cudi
cung con lai mot tuGng 18ng, 1a dung dich chit tao bot trong nu6c hoic trong chat
16ng khac.

Y nghia thuc t& ciia nhii tstong bot
Trong tv nhién ciing nhu t¥ong k¥ thuat, nhii twong, bot c¢é y nghia rat 16n:
e Lam nhil twvong trong dungdich thudc trit sau, trir cd.
e Tich cdc chat ban dugi dan@nhii tuong tir dung mdi, tir nudc...

F T ETAT
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Chuong 5
PONG HOC PHAN UNG

5.1. VAN TOC PHAN UNG
Vian t6c phdn ng héa hoc dugc do biing bién thién ndng do chit phdn ng hoic
ndng do san pham trong mot don vi thdi gian:

v=x— (5.1)

trong do:
v = van toc trung binh clia phan &ng hoic sdn phdm
AC = bié&n thién ndng d6 chit phdn tng
At = khodng thdi gian nghién ciu
Dau (+) tng véi tinhvén toc theo chdt cudi, ddu (-) ng véi tinh van toc theo chit
didu. Van tdc cda phan trigludn ludn duong. Mudn tinh van tdc tai thdi di€m nao
do, ta co:

vi du, c6 phan tng ddng thé:
A+B —— 5 C

Phén ting x4y ra trong dié¢u kién thé tich khong ddi (V = const). Goi ny, ng, ne 1a
s6 mol clia cdc chat A, B, C. Van tdc phdn ing s& dudc tinh theo cong thifc:

Van tdc phdn tng héa hoc phu thudc vao nhiéu yé&u td :
- Bdn chat cdc chit tham gia phdn tng
- Piéu kién thuc hién phin &ng (nhiét d9, 4p suat, ndng dd cdc chat
tham gia phdn ng, sy khudy tron, cdc cht xic t4c...).
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5.1.1. C4c 4nh huéng d&n van toc phan ng
5.1.1.1. Anh huéng cia ndng do

Phén fng héa hoc xdy ra & nhiét dd va 4p suat, moi trudng khong ddi thi van toc
phan tng 1a ham s6 clia ndng do :
Ta c6 phan tng:

nA+nB ——» Sinphim

Né&u nhu néng d6 cdc chi't tham gia phdn ng cang I16n, thi s& va cham cang 16n
va sO va cham c6 hiéu qud giita cidc phan tif tham gia phan tng cling 16n, din d&n
van toc phdn tng cang 16n. Vay van tdc phdn tng ty 1& v4i s6 va cham, c6 nghia la
ty 1& v6i ndong do cha't phan ng.

Van téc phdn ving howhoc ty 1é vdi tich s6 nong do cdc chdt phdn iing véi s6" mii la
hé s6 ciia cdc chdt trong pluiong trinh phdn iing.

ve %‘t: —kChC (5.2)

trong do:
Ca,Cp = ndng d6 cic chat phiniing & thdi di€m khio sit
n;,n, = hé so ty lugng clia cdc chit phin ng
k = hiing s6 tdc do phan ng.

Khi C, = Cy =1 mol/lit thiv =k goila van t6c riéng cila phn ng.

Van tdc riéng phan tng bi€u hién 4nh hudng clia ban chit héa hoc clia cdc chat
phan tng va phu thudc vao nhiét @6 v6i phdn tng di cho va § nhiét do khong d6i k
bing mot hiing so.

Nhiéu phdn tng xdy ra trong mdi trudng khong thé dat dugc cin bing mot cich
nhanh chéng, nhu 1a phdn tng khi tring nudc, sy truyén khi vao hodc truyén khi ra
tlr nudc, lam sach cdc hdp chat hitu co, phan ri cidc ddng vi phéng xa... Téc do phin
ting v dugc st dung d€ mo ta toc dd tao thanh hoic téc dd bi€n mat ciia hgp chat.

5.1.1.2. Anh huéng ciia nhiét do
Van t&c clia phadn tng dudc biéu di€n bing phuong trinh:

V= i‘i—f _KkCICT (5.3)
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Khi nhiét d thay ddi thi hiing s6 van tdc k thay ddi. Theo Van’t Hoff thi khi ting
nhiét do 1&n 10 °C, van toc clia phan ng ting Ién tir 2 d€n 4 14n .

Gia st & nhiét do 7, van tdc phdn tng 12 v;, khi ting nhiét d6 phin Gng 1én 7>,
theo Van’t Hoff ta c6 :

V2 — 7/0—2 _Tl)lo X \/1

(54)
trong do:
V, =van tdc phdn tng & nhiét do 7>,
y =hé s nhiét do chi ra sy ting van tdc khi nhiét do ting 1én
mudi do, ythudng cé gia tri tuwr 2- 4 .

5.1.1.3. Anh huéng cia chat xdc tdc
1, Chét xiic tdc

Cha't xtic tdc 1a chat [3ni thay ddi van toc phan ng. Chat xiic tdc k&t hdp vdi chat
phén ng tao thanh hgp chét trung gian, nhung sau phdn ¢ng né dugc khoi phuc lai
c vé trang thdi cling nhu vé lugng ban dau.

Cha't xdc tic dugc phan lam badeai: chi't xidc tic dong thé, xidc tdc di thé va chat
xuc tdc men.

2, Xiic tac dong thé

Cha't xic tdc va chdt phdn ng trong cling mot pha. Vi du tdc do oxi héa khi CO
thanh CO, khi ¢6 miit mot lugng nhd hoi nuéc whir 1a chat xdc tdc 1am cho phin
rng tdng nhanh.

Su oxi héa khi SO, véi xic tac 1a NO,:

SO, + NO, =S05; + NO
NO + Y2 O, = NO,
SOz+1/202=803

Xic tic ddng thé & pha 18ng 1a cdc xic tac axit hodc bazd trong cdc phdn tGng
este hda, xa phong héa...

Vi du, su thuy phan H,O, khi ¢6 xic tac Br :

H,O, + Br + H* — HBrO + H,0O
H,0, + HBrO - H,0+Br+H +0,

2H20 2= 2H20 + 02

Thir vign Tiwreme BDEH S ohom Ko thudt TR EM
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3, Xiic tdc di thé

Xic tdc di thé 1a chdt xic tac va chit phan tng khong cling mot pha. Xic tdc di
thé€ dudc sit dung trong cong nghiép san xuit axit sunfuric, tdng hdp amoniac, tong
hgp metanol. Véi xic tic di thé thi chit xidc tdc 1a pha rin con chat phin tng 12
pha khi hay pha 16ng.

Vi du su oxi hda cic olefin ¢6 st dung bdt Ni hodc bot Pt hay Pd lam xic tac:

R-CH = CH, + H, N R - CH, - CH;

4, Xiic tdc men

Men hay goi 1a enzim 1a chit xic tdc sinh hoc c¢6 tinh chon loc cao. Mdi mot
enzim chi xdc tdc cho mdt phan ng sinh hoc.

Vi du phdn tng &n men dudng thanh rugu etylic va phan &ng 1én men dudng
thanh axit lactic cAn c&nhitng men kh4c nhau.

Xiic tdic men thudng x4¥.ta trong cd thé sinh vat va hay dugc sit dung trong cong
nghé thuc phim.

5, Co ché tic dung cuia xiic tac
Theo thuyét hgp chdt trung gian. vi dwphdn ng:

A+B — AB

Pau tién chit A (hodc B) tdc dung vdi chat xic'tic X tao ra hgp chat trung gian
AX sau d6 AX tic dung véi B tao phitc chat hoat dong.va ti€p theo 1a sy phan hiy
ctia phiic chi't tao san phdm:

A + X = AX (hgp chdt trung gian)
AX + B = (AB)*X (phitc chdt hoat dong)
(AB)*X = AB + X

N€u E, 1 ning lugng hoat héa cia phin ttng khong c6 xiic tdc, E; va E, 1a ning
lugng hoat héa cia giai doan tao thanh hgp chit trung gian va phitc chat hoat dong:
khi d6 E; va E; < E, .

Nhu vay dudi tdc dung clia chd't xidc tdc, ning luong hoat héa E; va E, nhd hon so
véi trudng hgp phan wng khong cé xuc tic. Phan tng lic nay xdy ra nhanh hon.
Van t8¢ phén ¢ng ting manh.

Chat xtc tdc khong 1am chuyén dich cAn bing trong phdn ¢ng thuin nghich vi n6
lam ting van tdc phan (ng thuin va phdn ¢ng nghich & méc d6 nhu nhau. Do vay
cha't xidc tdc chi 1am phdn 'ng mau dat dén trang thdi cin bing.
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Cha't xic tdc c6 tinh chon loc, mdi chat xiic tic dic biét Iam ting manh van toc
cho mot hoic mot nhém phdn tng xdc dinh vd mdi phdn ng déu dugc xic tic
bing chat xiic tdc riéng biét.

5.2. PINH LUAT TAC DUNG KHOI LUGNG
5.2.1. N$i dung cia dinh luat tac dung khdi lugng

Ching ta di bi€t toc do6 phan @ng phu thudc vao ndng do cda chit phan tUng,
nhiét do, 4p suat, tinh chat cda moi trudng va cdc diéu kién khéc.

Né&u giit nhiét do ctia hé khong ddi, thi toc dd clia phan @ng dugc xdc dinh bdi
ndng dd cla cdc chit cau thanh hé, trude hét 1a cdc chat tham gia phdn tng. Trong
mot s6 trudng hdp dic biét, ndng @6 clia sdn pham ciling 4nh hudng d&n téc dd cia
qud trinh: n€u sdn phdm lam ting tdc dd phan Wng thi dudc goi 1a phin ng tu xic
tdc, con néu san phdm kim him phdn &ng thi goi 1a phan ng tu kim ham.

Téc do cia phdn-itng & mdi thoi diém ty 1é thudn vdi tich s6 nong do ciia cdc chdt
tham gia phdn ving voituit sé bdc xdc dinh.

Phéan @ng tdng quat:

WA + v,B + vsD — sidn phim

Dang todn hoc ctia dinh luat tic dang khoi lugng:

w - 9,
dt

—kCieurch (5.5

Trong d6 k 13 hiing s6 tdc dd phan tng, kK khong phu thudc vao ndng dd. Cdc phan
tng khic nhau c¢6 k khdc nhau va phuy thudc vao nhi¢t do.
Néu Cy=Cs=Cp=1
thi :
W=k (5.6)

Trong trudng hop nay k dudc goi 1a tdc do riéng clia phan dng.

5.2.2. Co ch& cua phan @ng, bac phan ng

Bac phan tng 1 tdng s6 mii cdc ndng do trong phuong trinh dong hoc:
n =n; + ny, ; nnhan dugc cac gid tri 0; 1; 2; 3 . Phan &ng bac 0 1a phan &ng c6 van
toc ludn luon khong doi:

v=kC’=k (5.7

Phédn tng héa hoc x4y ra rat phifc tap va trdi qua nhiéu giai doan. Giai doan nao
cham nhit quy€t dinh van toc clia phin ng.
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Phdn tng héa hoc 1a sy k& ti€p clia nhiéu giai doan, mdi giai doan 12 qud trinh co
ban. Tap hgp nhitng qué trinh co bdn xay ra trong phdn ng dugc goi la co ché clia
phdn ng va co ché clia phdn tng dugc x4c dinh bing thuc nghiém.

Do c6 nhiéu giai doan nén bic ctia phan tng c6 thé 1a s& nguyén hay phin sd va
c6 thé bac phan tng khong triing vdi hé s6 ty lugng clia phan ng:

Vi du phan @ng:
H,0,+2HI =1, +2H,0 (a)

Ph4n tng bao gdm hai giai doan ndi ti€p nhau:

H,0, + HI = HIO + H,0 (I)
HIO + HI = I, + H,0 (2)

Bing thuc nghiém cho thdy ring giai doan (I) x4y ra rat chAm so véi giai doan
(2) do vay tdc do cua phdniing do giai doan (I) quyét dinh:

V= kCHZOCHI
Bac clia phan tng 1a 2, con tdng hé s6 7 lugng ciia phan tng (a) 1a 3.

5.2.3. Phan ng héa hoc bac nhat
Phdn vng xdy ra theo so do:

A — san pham

Khi phdn tng xay nhiét @6 ¢ va thé tich V khong d6i, theo dinh luat tic dung khdi
lugng :

dc,
dt

W =

=kC, (5.8)

LAy tich phin ta nhan dudc:
InCy=kit+1

I 12 hiing s tich phan c6 thé xdc dinh tir diéu kién ddu khi r =0 va Cy = Cyy, do
vay:

I = —ll’lC()A
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Thay I vao phuong trinh trén ta c6:

Con _
In2r =kt (5.9)

A
trong do: Cy=Copp—x

hay:
ll’l(COA-X) =-k;t + ll’lCOA

Chuyén sang dang mii:

Cy=Cos.e™" (5.10)

Néu goi 712 thdi giankhi ndong d6 diu bi gidm xudng e 1n (nghia la C, = Con )
e

phuong trinh (5.9) ¢6 dang:

C 1
In—"°A_ _ hay r=— (5.11
C. /e K7 yt c (5.11)

Thay 7z vao phuong trinh (5.8) ta s€ c6:

W:dCA:& (5.12)
dt T

7 - thdi gian sdng trung binh ctia phan tif chit phdn @ng irong phdn ¢ng bac 1.
Néu dit Cyy / C4 = 2 thdi gian tudng ng véind 1a 1, :

In2  0.693

t,, =2 5.13
2= K (5.13)

t,, dudc goi 1a thoi gian ban huy, nghia 13 thdi gian ma nong do chat phdn tng
giam di mot nia.

5.2.4. Phan t@ng bac hai
Phdn iing bdc hai c6 dang chung:

2A - sinphim (a)
A +B — sinphidm (b)

7 (N DT Cor mbhams Ko ibasd TE ET
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Trong trudng hgp néu Cyy = Cyp = Cy thi phuong trinh td¢ do phéan @ng c6 dang:

dc,
dt

W= — A =k C2 (5.14)

LAy tich phan theo diéu kién tit C4 = Cys khi £ = 0 d&€n ¢ va tuong tng véi Cu

Cy
- [dc,/Ch =kt

COA

11 1
g | ——— 5.15
¢ t[CA COJ (5-15)

Chu ky bdn huy 7, cia phan ifag bac nhat dudc xdc dinh theo cong thitc khi thay
CA = C()A/Zi

1

(5.16)
kZCOA

b, =

Khac v6i phdn dng bac nhat, chu ky ban huy ctia’phdn dng bac hai ty 1€ nghich
v&i ndng @6 ban diu Cy, .

5.2.5. Phan ing bac ba
Cdc dang tdng qudt ciia phdn iing bdc ba nhu sau:

3A — sin phim
2A + B — sdn phim

A +B + C — sdn phim

Biéu thiic tdc d6 trong ba trudng hop cé thé viét:

dc :
- k,C2 (5.17)
- diA = k3C?C, (5.17a)
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dc,
dt

= K,C,CyCc (5.17 b)

Xét truong hgp don gian: Cpy = Cpp = Cyc
LAy tich phan ( 5.17) va luu y di€u kién dau C, = Cys khi =0 ta c6:

1 1
- =2k 5.18

Thdi gian ban huy t,, ¢6 thé tinh tit phuong trinh (5.18) bing cich thay C,= %,

ta co:

3
t, o =— 5.19
v kG >
5.2.6. Phan ¥ng song song
Nhitng phdn tng dudc goi la‘song song khi mot chit hay mot s6 cdc hgp chat ban
dau phan ¢ng theo hay nhiéu hudfig khdc nhau. Nhitng phdn ing song song thudng
gip c6 thé 1a bac nhat, bac hai hoac bac tron 14n cia hai loai néi trén.

- Bdc nhat
Xét trudng hgp 2 phdn tng bac nhat don phit ¥ ty x4y ra theo sd do:

Chat A phin tng theo hai huéng khdc nhau vé6i hiing sd t6c dd k; va k’; tuong
ting. Theo sd d6 phan tng ta c6 thé viét:

dc
= =kC, (5.20)
d;:tc -k, C, (5.20a)

dC, dC. -dC,
= =(k, +k'.)C 5.21
at + at at (k; +k'))Cp ( )
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véi Cy, Cp, Cc 12 ndng dd cédc chat
Chia (5.20a) cho (5.20), nhan dudgc:

dc. Kk,

dc, kK,
LAy tich phan tng v6i diu kién Cpp = Coc = 0khit =0 :

kll

CC :CBk—
1

(5.22)

L4y tich phan phuong trinh (5.21) tit Cy = Cy khi £ = 0:

Con

(@+kg=%mzi- (5.23)
hay: C, = Cyp e tar ! (5.24)
Theo diéu kién cin bing vat chat, ta co:

Con=Cy+ Cp+ Ce (5.25)

Tur cdc phuong trinh (5.23) d&n (5.25) ¢6 the im dude su phu thudc clia ndng dd
céc chat theo thoi gian:

k ‘
Cg=—1—Cpafl—e et
® m+w1°J ]
k' .
C.= 1 C. - e—(k1+k Dt
¢ h+wl°J ]

- Bdc hai
Xét trudng hgp hai phdn tng bac 2 ludng phan tif x4y ra theo sd do:

D ks
k> A=B —»D
A+B (a) hoidc (b)
k>, E A+C ——>E
k'
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a, Theo so dd trén ta c6 thé viét:

dC

—2=kC,Cy  (5.26)
dg—tE ~k,C,C, (5.26a)

dC, dC. dc, dC, !
- _ - =(k, +k'.)C.C 5.27
dt " adt dt dt (2+ 2)Ca B) ( )

Chia ( 5.26) cho ( 5.26a) va sau khi 14y tich phan ta dudc:

Ce _Ky (5.28)
CD k2
Sau khi 14y tich phan phutag trinh ( 5.27) :
K+ k= CoeCa (5.29)

t(COA . COB) CBCOA

kr + k’> = k (hiing s6 tdc dd chung clia phin, ('ng séng song bac hai). Trong trudng
hdp tdng quat néu phan tng x4y ra theo nhié¢uhiydng khic nhau thi :

k=3k

- Bdc tron lin
Xét trudng hgp hai phdn tng song song xdy ra theo s do:

At 5C

A+B— 5D (¢)

Trong d6 cing mdt chit A tham gia déng thdi vao hai phdn tng bac nhat va bac
hai
Theo s6 dd phan tng ta c6 thé viét:

—dd% =k,C,Cs (5.30)
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_% =kC,+k,C,Cq (5.30a)

Chia hai phuong trinh cho nhau, thu dudc:

k, 1
dc, = {1+ k—l.C—JdCB (5.31)

2 B
LAy tich phan (5.31):

C,=C,,—Cp +ﬁ|n Co

2 0B

(5.32)

Su suy gidm ctia ¢hdt B dugc xdc dinh theo cong thifc sau khi thay (5.32) vao
(5.31):

_4dG © kZCB(COA _C, +C, +%|n&] (5.33)

dt 2 0B

5.2.7. Phan \tng noi ti€p

Phan ¢ng ndi ti€p 12 phdn ng tao sin phim cudi khong phai truc ti€p tir chat
tham gia phdn tng ddu ma phdi qua ciciai doan tao ra mot s6 sdn phim trung
gian khong bén. Cac chit trung gian néi trén o6, trudng hdp cdc phan ti thudng, hay
c6 trudng hop 1a cdc nguyén tir, hay gdc tv do ¢ hoat tinh héa hoc hon cdc nguyén
tr ¢6 hoa tri dd bdo toan. Vi du phdn tng theo co ch& gdc ty do trong qud trinh oxi
héa hidro thanh nu6c, phdn tng ndi ti€p don gidn khac'nhyr thity phin este. Cac qua
trinh phin hiy ty nhién cdc chat phéng xa, sy trung hgp ¢ic chit cao phan tf ciing
12 c4c vi du dién hinh cia cdc phan @ng ndi ti€p nhiéu giai doan.

Phan tng ndi ti€p don gidn nhit bao gdbm hai giai doan bac nhi't dugc bi€u

dién theo sd do:

A sB—X 5C

Trong d6 hdp chat trung gian 12 B hinh thanh trong giai doan mot v6i hiing s6 toc
do k; va tiéu hao trong giai doan hai v4i hiing s8 tdc¢ do ;.

Gi4 thiét § thdi di€m dau ¢ = 0, ndng d6 clia chdt A 13 Cyu, cOn Cop = Cc = 0.
Theo diéu kién cin biing vat chit, § moi thdi di€m ludn cé hé thifc:

Coa=Csh+ Cp+ Cc (534)
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Theo sd d6 phan ng trén c6 thé viét:

LAy tich phan phuong trinh (5.35), thu dudc:

dc
- th =kC, (5.35)
+ dgtB =kC,-k,Cs (5.36)
dc ,
+ dtc =k, Cq (5.37)
C,=C,e (538

Thay vao cdc phueng trinh (5.36) va gidi phuong trinh vi phan tuyén tinh sé& x4c
dinh dugc nong d6 s theo cong thic:

COA(e—klt _ e—k'lt)

Nong dd ctia C dudc tinh theo phudng trinh:

Cc = COA(]'_

(5.39)
] 7klt 7k'1t

k',.e K e (5.40)

kll_kl k'14<1

5.2.8. Cédc vi du bai tap vé dong hoc phan ing

Vidu3.1

Gid sit phdn itng kiéu A + B — C + D duoc nghién citu dé xdc dinh bdc phdn ving
doi vdi cdc cdu tit khdc nhau. Téc dé chung ban ddu ciia phdn ving quan sdt dugc ddi
vdi néng dé da cho ciia cdc cdu tit (trong bing dudi day). Cho biét bic phdn itng doi
vdi cdu tit A va cdu tit B

Thyc nghiém [A] ban dau [B] ban diu T&c d6 ban dau
Ms?
1 3,28 x 10% M 8,77 x 10°M 2,85 x 10
2 4,92 x 102 M 8,77 x 10°M 4,28 x 1072
3 4,92 x 102 M 1,32 x 10°M 6,42 x 107
4 3,28 x 10% M 1,32 x 10°M 4,28 x 10
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Giadi
Téc dé =k x [A]" x [B]", So sdnh téc dé ban dau thi nghiém 1vdi téc dé ban diu
thi nghiém 2:

(Tocdp2)/(Tocds 1) = (Kx[A]™ x [Bo]") / (K x [A1]™ X [Ba]")
(4,28 x 102/ 2,85 x 10%) = (4,92 x 10°M)" / (3,28 x 10°M)"

1,50 = (1,50)" do vay, n = 1. Nhu vdy la phdn iing bdc mét theo cdu tit A

So sdnh téc dé ban ddu ciia thi nghiém 2 vdi téc do ban ddu ciia thi nghiém 3:
(Toc dg 3) | (Toc djs) = (k x [As]™ x [Ba]") / (k x [A2]™ x [B,]")
(6,42 x 102/ 4,28 x 10%) = (1,32 x 10°M)™ / (8,77 x 10°M)"
1,50 = (1,50)" do vay, m = 1. vdy la phdn iing bdc mét theo cdu tit B

Phan ving 3 va phita.iing 4 c6 thé sit dung dé xdc dinh bdc phdn ving ciia cdu tit A

Vidu5.2

Cho cdc nong do ciia [A] frong ki€u phdn vng don gidn A — B. Cho biét ddu la
phdn itng bdc 0, bdc nhdt hodc whin tng bdc hai. Vé dé thi dé gidi thich. Xdc dinh
gid tri doT véi hiing s6 toc do phdan itug bdc nhdt hodc phdn iing bdc hai.

Thoi gian | Nong do In[A] 1/[A]
(giay) [M]
0 2,50.10° | 9,165.407 | 4,00.10?
1 1,88.10° | 6,29.10%] 5,33.10%
2 1,52.10° | 4,21.10" |¥6,56.107
3 1,29.10° | 2,56.10* | 7,74.10%
4 1,12.10° | 1,17.101 | 8,89.10"
5 9,98.10" [ -1,88.10° | 1,00.10°
6 8,98.10" | -1,07.10 | 1,11.10°
7 8,18.10" | -2,01.10 | 1,22.10°
8 7,51.101 | -2,86.101 | 1,33.10°
9 6,95.10° | -3,65.101 | 1,44.10°
10 6,46.10" | -4,37.101 | 1,55.10°
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Gidi:

Thoi gian, gidy

D6 thi ciia 1/[A] la duong thdng, do vay, phdn iing la phdn itng bdc hai theo A.

Pé déc = tdang vé phia trudc
Pé doe = (1,55-0.400)/(10-0)
P¢ déc =0,115

Nhu vay, hing s6 téc do bac hai
=0,115M"s™
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Vidu 5.3
Cho cdc dang biéu do déi véi phdn iing kiéu A — B. Hay cho biét :

.I./\ /\ “ ‘If\“

A B Y —— C h J D A 4

L

Ll

Phdn itng nao cé téc dé chdam nhdt ? (C)

Phdn itng nao gidi phong lugng ndng lugng nhiét thdp nhdt? ( C)
Phdn itng nao cé téc dé phdn ving nghich thdp nhdt? ( B)

Phdn itng nao. cé téc do theo chiéu thudn nhanh nhédt? ( D)

apop

Vidu 5.4
Néu phan itng sau day giiia-hidro va brém:
Ho (k) Bro(k) — 2HBr(K)

Pugc dé nghi tién hanh bdi cdc budc plidn itng co bdn va téc do twong doi ciia
chiing la:

Budc 1: Bry — 2Br (chdm)

Buoc 2: 2Br + H, — 2HBr (nhanh)

Cho biét bdc ciia phdn itng theo H, va Br

Gidi:
Budc chdm xdc dinh téc do ciia toan bd phan ving. Nhu vdy, bdc 1 theo Brs, bdc 0
theo H,.

5.3. CAU HINH CUA BE PHAN UNG
Trong cong nghé moi trudng, diac biét trong x& 1y nudc thai va x& 1y nudc sinh
hoat, b€ phan tng thudng cé ba dang nhu sau:

1.B¢ phdn itng gidn doan (Batch reactor — BR), chit phin tng di vao b€ phan tng
trong mot diéu kién thich hgp va phdn tng xdy ra trong suét mot chu ky riéng biét.
Ludng chat trong bé phan ¢ng dugc thai ra. Thdi gian cang lau thi sy chuyén doi
cdc chi't cang xay ra hoan toan. Hinh 5.1 bi€u dién bé phan tng gidn doan.

hittp 7 www. thuvienspkt.ediu. vi
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=< Dong vao
 Ce—

DoOng ra

Hinh 5.1. B€ phén ting gidn doan

2. B phan ving khudy lién tuc (Continuously stirred tank reactor — CSTR) & d6 chat
phan tng lién tuc (c6 thé modt 1an trong mot ngay, mdt 1an trong mot gis) cho vao
bé phin &ng va sdn phdm (bao gdm ca chat khong phan tng) lién tuc thai ra tir bé
phan tng dugc tronidéu. Do dudc tron déu, hdn hop xem nhu déng nhit theo nong
do va khong c6 su chénh ]éch ndng dd do vay lam cin bing ndng do dong chdy ra.
Thdi gian giif 1ai trong bé ting 1én va do vay lam ting sy chuyén ddi cia chat thai.
Céc b€ phan tng kiéu nay thudng dugc sit dung trong xi 1y nudc thdi va qué trinh
suc khi, (Hinh 5.2).

Dong vao Dong ra
*

Hinh 5.2. BE phin @ng khudy lién tuc ( CSTR)

3.B¢ phan itng 6ng dong ( Plug flow reactor — PFR) 8 @6 dong vao mot dau cia bé
phin tng va sdn phadm dugc thdi ra & mot dau khic sau khi dugc giit lai trong mot
thdi gian t3i thi€u & trong hé. Khodng ciach di chuyén doc theo chiéu dai cla bé
phan tng 12 mot ham sd cda thdi gian, pham vi chuyén ddi cha't thai phu thudc vao
chiéu dai cia bé. Nghia 1a bé cang dai thi sy chuyén d6i cang 16n. B€ phan ting
kiéu nay thudng dugc sit dung trong xi 1y nudc thai bun hoat tinh ( Hinh 5.3) .
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Dong vaol plug Dong ra

\

Hinh 5.3. B phén ting 6ng dong
5.3.1. Phan tich hoat ddng cia ciac bé phan ng
Co sd& phan tich hoat ddng clia cic ki€u bé phdn tng 13 phuong trinh cin bing
khoi lugng:

Dong vao - Dong ra + Sinh ra = Tich liiy

S€ ¢6 céc trudng hop xdy ra sau day:

1. Tich Iu§ c6 thé ta duong hodc Am.
2. Su dua vao c6 thé qua bién gidi clia hé thdng hoic bdi phit sinh bén trong

bé phan tng vi cdc phin iing.
3. Su dira cé thé 12 dong chdy qua bién gidi clia hé hoic bing sy tiéu thu do
phdn @ng.
Can bing vat chi't d6i véi chat A cothé duge viét :

QC, —QC, +i WM&V ddciA (5.41)
Dong vao - Dongra + Sinh ga = Tichlay

trong do:

Q =tdc do dong, m’/s

C, =ndng d6 clia chit A, mg/l

Ca; = ndng dd dong vao, mg/l

Ca0 = ndng d6 dong ra, mg/l

V = thé tich ctia dich 16ng trong bé phan ng, m’
r4 = ti1é phdn Gng ctia chit A, mg/l

Chi ¥ ring qua trinh gidn doan va qué trinh 6ng dong dugc xem nhu 1a gidng
nhau d€ phan tich 10 gidn doan.
Qua trinh gidn doan = Q =0 do vy V = const.

Phuong trinh (5.41) trd thanh:

dc,

Thir vign Tiwreme BDEH S ohom Ko thudt TR EM
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Db6i v6i phén tng bac 0:
rpa = -ko

Trong d6 ko 1a hiing s6 toc do phan &ng bac khong ( mg/ls). Do vay:

_dc,
= at
t Chao
va: —ky[dt = [dC,
0 Ca
Cu—C, =kt
Db6i v6i phuong trinh bac nhat:
Ma = _kch
dc
_KC, = —=A
KCa o
t Chro
—kl.fdt R dc,
0 S Ca
_ klt — |n_'°“
Al

- D61 v6i bé phdn ting khudy lién tuc ( CSTR)
Trong trudng hgp trang thdi 6n dinh, sy tich lily = 0. Do vay:

dc,
dt

\% =0

Phuong trinh 5.41 tr$ thanh:

QC, —QC, +rV =0
Q
_rAV(CAi _CAO)

Dbdi v6i phuong trinh bac 0:
Mo = _ko
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V
Cu—Cy = koa
Pua dai lugng “ thoi gian luu thuy luc” HRT duge dinh nghia:

\%
e

do vay:
Cu—Cy =k
D6i v6i phuong trinh phdn ng bac nhAt:
n=—kCp  (542)

Cui—Ca _
C——k1¢

Ao

Phan tng bac mot c6 thé x4y ra saiwds khi ndng do dat duge Ca, (ndng d6 dong
ra).

- Cdc phdn iing bdc thay doi — xit Iy dong ra
Loai bd cdc vat chat hitu cd bdi cdc phan ng cta vi sinh vat dugc ti€n hanh trong
mot ki€u lién tuc. Tdc dd clia phan tng duge bi€u dién qua phuong trinh:

_ _—KA
) Ks:[A]
o KuC

Ks=C

Trong do :

k = toc d6 tiéu hliy ca chit nén dic thil, don vi khdi lugng chit 6 nhiém dudce 1am
sach trén don vi khdi lugng vi sinh vat c6 mit theo thdi gian, ( g/g ngay).

C (=S) = ndng dd chat nén ( BOD hoic COD), g/l.

K, = hiing s6, nghia 12 ndng dd bao hoa mot nita cia chat nén tai k = k,u./2,

kpax = t0c dO tiéu huy dic thi cuc dai.

Fhav s Trarot B T nlia B fhaisd T ER
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Khi ndng dd chat nén thip, phuong trinh bic nhat s& 1a:

o kuC
KS

Khi ndng dd chit nén cao, phuong trinh bac 0 sé 1a:

K=K,
Xét hai hé théng xit Iy nudc thdi:

- Bun hoat tinh — CSTR

- Loc nho giot — PFR
va hai dong thdi kiéu:
Nuiée thdi sinh hoats véi nong do BOD bdang 200 mg/l.
Nudc thdi cong nghi¢ pvdi BOD bdng 4000 mg/I.
Cdc diéu kién vdn hanh nhy sau:

kimar = 0,05 h
Ks =100 mg/l
©hs = 5h

Grp=0,1 h (sinh hoat)

Grp = 0,2 h (cong nghiép)

M s = 5000 mg/l (MLSS hodic nong dé vi sinte.yit)
My = 50 000 mg/l

Xdc dinh 167 ra tit bé phdn itng ciia nong do donz-thdi
ing bdc nhdt va kiéu dong hoc thuc.

(1) Bun hoat tinh — CSTR - dong thdi sinh hoat
(a) Xem xét kiéu phdn itng bdc nhdt, xdc dinh k:

kol k.C

‘= K+C K

K., MC
KS

kM =

trong dé:M = nong do khéi luong mg/l

sit dung cd hai kiéu phdn

KM = 0,05x5000x C _25C
100
dovay K, =25.
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Phuiong trinh bdc nhdt doi voi CSTR la phuong trinh :

C,-C

o =2

trong dé C, = nong do dong thdi chdy vao va C = néng do dong thdi ra

200-C
2,50 =
> C

Péivéi ¢ =5 h, nong do dong thdi rala C = 14,9 mg/l
(b) Xem xét dong hoc thuc

vi:
d—C =0
dt

QC, —QC+rV =0

Mk....C
C,—QC - —m&— -0
QG-Q K;+C

Mk, 5
Ks+C

Q _
V(C1 _C) -

~ 5000x0,05xC
100+ C

C,-C 250C

¢  100+C

200-C  250C
5  100+C

dovay :
C=17,1mg/l

Nhu vdy la mé hinh phdn iing bdc nhdt va dong hoc thuc la phit hop.
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(2) Bun hoat tinh — nudc thadi cong nghiép
(a) Xét mé hinh phdn ting bdc nhat:

C,-C
C
400-C

254 =

25x5=
C =296 mg/l
(b) Xét dong hoc thuc:

Cl-C 250C

¢  100+C

C = 2489 mg/l

(thay C = 296 mg/l = ¢ =198h )
Mo hinh bdc nhdt khong phu hdp vdi dong hoc thiic).

(3) Xét mé hinh bdc nhdt ( dong gidvi.doan hodc éng dong )
(a) Xét mé hinh phdn ting bdc nhat:

—kt= |n§ (5.43)

1
Gidng nhu trén,

Mk, C 50000x0,05xC

KM 25C
Kg 100
Thay vao phuong trinh 5.43
-25x01= InL
2000

Do vay: C = 16,4 mg/l.
(b) Xét dong hoc thuc:
Trong qud trinh gidn doan , Q = 0, do vdy V = const, phuong trinh can bdang vit chdt
(5.42) tro thanh:

dc

ot
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Do vay:
_dC _ Mk,,C 50000x0,05xC  2500C

dt K.+C  100+C  100+C

- 2500j|‘ dt = C'fo %C
0

CAl

CAO CAO
— 2500t =1ooj + jdc

CAi CAl

dc

2500t = 100! n% £ (Cy ~Cyo)

AO

Poivdi loc chdm, t = ¢ =0/1h

va  C, = 200mg/T

Gidi ra dugc C,, = 64mg/|

(doivdi C, =16,4mg/l,4 = 0174h).

(4) Loc chd@m — nudc thdi cong nghi¢p
(a) Mo hinh bdc mot, vai thoi gian giit thuy luc la 0,2 h

C'%
-25x0,2=In—-
4000
C,, =27mg/I
(b) Dong hoc thuc:
4000t =100In 4000 +(4000-C, )
C'%
Poéivéit=0,2h
C,, =3220mg/I .
(doT vai C, =2Tmg/l = t=112h)
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Bdng tong két két qua

BOD dong vao BOD dong ra
Hé xi ly Kiéu nudc thai (mg/l) Mo hinh (mg/l)
Bun
Hoat tinh sinh hoat 200 bac 1 14,9
dong hoc thuc 17,1
cong nghiép 4000 bac 1 29,6
dong hoc thuc 2488
Loc chim sinh hoat 200 bac 1 16,4
dong hoc thuc 64
cong nghiép 4000 bac 1 27

dong hoc thuc 3200

Theo cic két qua trén Bing, c6 mot s6 diém bat thudng nhu sau:

1. D6i v6i dong thai ra clia nude sinh hoat, mo hinh bac 1 1a di cho CSTR, vi
ndng d6 chi't phan tng cAfrbing v6i ndng do & 16i ra.

2. M6 hinh bac 1 khong ding @61 véi nudc thdi sinh hoat khi st dung TF, vi
kiéu phan tng c6 mot profile ndhg d6. Nong dd cao nhat § 16i vao va thap
nhA't & 161 ra.

3. D&i véi nude thdi cé ndng do cao, sy 2id s bic modt khong thda man.

5.4. PHAN UNG OXI HOA KHU
5.4.1. Dinh nghia

La phédn tng xdy ra trong dung dich c6 su trao ddi electron giita chit oxi héa va
chat khi.

Vi du khi thém mat sit vao dung dich nu6c cia cdc ion Cu* : mau xanh cia ion
Cu”* bi€n mit va xuit hién cdc ion Fe** dugc nhin ra bdi k&t tha mau luc nhat khi
thém xut.

Phén ng tdng cong dudc viét:

Fe (r) + Cu** — Fe** + Cu (r)
Trong phan ng nay sit bi oxi héa bdi ion Cu** hay sit chiu sy oxi héa; mot cach

tuong ty ion Cu®* bi khit bgi sit hay ion Cu®* chiu su kh.
S4t1a cha't khit va ion Cu®* 12 chat oxi hoa.
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Phén ng tdng cong thu dugc tir hai ni¥a phdn Gng:

Fe(r) > Fe* -2 (1)
Cu**+2e¢ — Cu(r) (2

Fe (r) + Cu** — Fe** + Cu (r)

Trong phdn tng (1) sdt mat electron, n6 1a chi't khit: ngudi ta goi cha't khit 1a chat
c6 kha ning cho electron. Trong phan dng (2), Cu®* nhan electron, né 1a chit oxi
héa. Ngudi ta goi chi't oxi héa 1a chit c6 kha niing nhin electron.

Né&u ky hiéu ox 1a chi't oxi héa, kh 13 chat khit va goi n 12 s8 electron trao ddi, ta
c6 thé viét:

oX + he < kh (5.44)

Pay 1a mdt nira phuong trinti electron.

Can chi y bat ky chat oxi hdahio cling déu lién hgp v6i mdt chat khi va ngugc
lai: ta ¢c6 mot cidp oxi héa — khit dugc ky hi€u 1a ox / kh (cidp oxi héa — khit), vi du
cdc cip oxi héa khir: Cu**/ Cu, Fe*"/ Fev,

Téng quat, néu dang oxi héa ox; clia cap ( ox / kh);, oxi héa dang khit kh, clia
cip (ox / kh), ta c6 thé viét:

0oX; + ne & kh1
kh, < ox, + me
hay viét tong cong:

n, 0x; + n;kh, < 0x, + n;0x,

can luu y ring sy chuyén tir dang oxi héa sang dang khit bdi phan tng:
0X + ne < kh, 12 sy nhin electron, tic 14 sy khit. Tuong tw nhu vy, su chuyén tir
dang khir sang dang oxi héa bdi phdn ttng kh — ox + ne, 12 sy mit electron, tifc 1a
su oxi ho4.

Can phan biét: chat oxi héa, sy oxi héa, chat khtt, sy khit.

Vidu 5.5
Can bang phdn ving oxi héa khit Na,Cr,0; vdi ethyl ancol (C.HsOH) néu sdn
phdm ciia phédn ing la Cr'* va COs,.
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Gidi:

1.Can bang nguyén tit chinh:
Na,Cr,0; — Cr’*
C,H;OH —2CO0;,

2. Can bdng cdc ion khéng phdi la chii yéu:
Na;Cr,0; — 2Cr’* + 2Na*
C,H;OH — 2CO,

3.Can bdng oxy vdi oxy trong nudc:
Na;Cr;0; —2Cr’* + 2Na* + 7H,0
3H,0 + C,HsOH — 2CO;,

4.Cdan bang hidro vdi ion hidro:
J4H" + Na,Cr,0;, —2Cr°* + 2Na* + 7H,0
3H20 + C2H50H 62C02 + I12H"

5.Can bdng dién tich vdi cdc electron:
6¢ + 14H" + Nax€r.0; —2Cr’* + 2Na* + 7H,0
3H,0 + C,H;OH»-»2CO, + I2H" + 12¢

6.Can bang sd electron trong méi mot ban phdn ng va céng lai véi nhau:
6e + I14H" + Na,Cr,0;, — 2Cr" +2Na* + 7H,0, nhan vdi 2
3H,0 + C;HsOH — 2CO; + 12H 4. 12¢" , nhan vdi 1

Phuong trinh tong cong:
2: 28H" + 2N612C7'207 + C2H50H ﬁ‘4C7'3+ + 4Na+ +2C02 +]]H20

7. Gidn wdc hai vé' ta co:
16H" + 2Na,Cr,0; + C,H;OH S 4CrT + 4Na" + 2CO, + 11H,0

5.4.2. Phuong trinh Nernst
Cho mot phdn @ng oxi héa — khr:

0X + ne < kh

cip oxi héa — khit ndy c6 mot th€ oxi héa — khit hay th€ dién cuc E. th€ ndy dugc
xdc ding bing cong thitc Nernst:

114 Thir vién Trweonge BH Sie phoam Kv thudt TE.HM

hittp 7 www. thuvienspkt.ediu. vi




(5.45)

N&u thay T = 298 K va dung logarit thip phan, ta c6 thé viét 2,30% — 0,059V

toc la:

E=E°+

0,359 s (5.46)

kh

a,, VA ay, 1a hoat d6 clia dang oxi hod va dang kh.

E’ dugc xem nhu gid tri cia th€ oxi héa — khir dang oxi héa va dang khit c¢6 hoat
do bing 1. c6 nghia 12 khi ching & trang thai tiéu chuén. Ta c¢6 E 1a th€ dién cuc
tiéu chudn. P&i v6imot cip oxi héa khir da cho, E” chi phu thudc vao nhiét do.

Cdc vidu dp dung cong thiic Nernst :
1, Xét phan tng:
Cu** +2e < Cu (1)

BB @m[c 8

Dang oxi héa Cu®* trong dung dich, hoat'dd ciia né dugc do bdi ndng dd mol. i
v6i chdtrdn Cu, hoat do biang 1.

2, Xét phan dng:

Fe’' +e¢ < Fe ™
[Fe™]
[Fe*]

E =E°+0,059Ig

3, Xét phan tng:
MnO, + 8H" + 5¢ — Mn*" + 4H,0

0,059, [Mno [HeT

—E%4
E=E 5 Mn?*
[Mn** |

Nu6c (hoat do bing 1) khong tham du vao. Ngugc lai d6i v6i dang oxi hoa,
khong dudc quén ion H* ( thuc t&€ H;0").
4, Xét phan tng:
15 0, (K) + 2H* + 2¢ < H,0
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E:E°+&259|g\/|3—02[H+]2

Oxy 12 khi, 4p suatriéng clia n6 tham gia vao bi€u thiic Nernst.

5.4.3. Sitc dién dong cua pin
Mot cip pin vdi chi't oxi héa OX; c6 thé oxi héa chat khit kh,

n; 0X, +NMye < kh,

n, |kh; < ox; +nje

vi dy ox; 12 MnO, + 8H' va kh, 1a Fe™.
Khi cdc chat déu & trong dung dich ta c6 thé viét:

£ &po 0099 [ox] b o, 0059 [ox,]
n, “[kh] n,  [kh,]
0_ o 1, [ox,] 1, [ox]
Enn = B, —E +0.089 =g ——Ig (5.47)

0, ~[kh,] g T[khy]

- Khi di bi€t cdc th€ dién cuc, ta c6 thé.x4c dinh dé dang ban chat cda cdc dién
cuc clia pin. Pién cyc ndo cé thé cao honla dién cuc duong cla pin.
- Trong pin Daniel: hai dién cuc 12 nhitng vatdin dién ding th€ nhung & hai the
khéac nhau.
Gia st c¢6 pin Daniel v6i [ Cu® ] =[ Zn*" | = IM. t2:¢6 Eq, = E’c, = 0,34V va E,,,
=E%, = -0,76V:
Ey=E =E¢-E%2=11V.

+ Tinh hdng sé cdn bdng ciia cdp oxi hod - khit
C6 cdc cdp oxi hod khit Fe’*/ Fe** va MnOy / Mn**. Béi véi mdi cdp ta cé thé
Viét:
[Fe™]
[Fe*]

Fe™ + ¢ < Fe?*, E=0,77+0,059Ig

MnO, + 8H' +5¢ < Mn** +4H,0

- +18
E—151+ 0,059|g[|v|no4 1[H]

5 [Mn**]
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Khi cdn bang:
3+ - +18
0,77+0061gL=C 1 _ 151, 008 IMNO,IIH ]
[Fe’'] 5 [Mn?]

Theo dinh nghia hang sé can bing K

B [Mn2+][Fe3+]5
~ [MNnO;][F&" TP[H T

(5.48)

Do vy cé thé viét: 1,51 — 0,77 = 0’—:6@, K hodc IgK = 61,7

Tinh AG’ = -RTInK = -352 kJ.mol’’

5.5. AP DUNG PHAN UNG OXI HOA KHU TRONG KY THUAT MO1
TRUONG

Phdn tng axit — bazg; mot s6 hdp chat 1a chat cho proton (H*) trong khi cdc chat
khéc 12 chdt nhan proton.

Vi du:
NH; + H,O > NH4+ + OH"
Amoni tu do ion amoni

Nghia 12 amoni tu do nhin proton v bi€n‘thinh ion amoni. Tuong tw, cdc phin
trng oxi héa khit lién quan dén chat cho elecirdn. (¢”) (hodc chit khit) va chit nhan
electron (oxi héa). Trong dung dich nudc khong cidelectron ty do, phan ng oxi héa
ludn k&t hdp vdi phdn tng khit. Khi cd hai phdn tng X4y ra trong mot phuong trinh,
dugc goi chung la phuong trinh oxi héa khit (redox cquation). Cadc phuong trinh
riéng biét dugc goi 1a phuong trinh mdt phan hai:

su khi: 0, + 4H" + 4 ¢ = 2H,0
su oxi hoa: 4Fe™ = 4Fe™ + 4¢
phén tng oxi héa: O, + 4Fe™ + 4H" = 4Fe’ + 2H,0

Hién tuong oxi héa khit c¢é y nghia quan trong trong ky thuat moi trudng cia x
1y nudc sinh hoat va x& ly nudc thai. Sy khi oxy bdi vat li€u hitu co trong nudc
sach dudc bi€t qua phuong trinh phdn ¢ng:

CH,O + O, - CO, + H,O
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Sé c6 sy thi€u hut oxy (su khi¥) trong moi trudng nudc va sy thi€u hut nay khong
thich hgp cho sy s6ng trong moi trudng nudc.

Trong chu trinh ctia nitd, NH," bi oxi héa thanh NOs trong nuéc theo phuong
trinh:

NH4+ + 20, — NOg_ + 2H" + H,O
(oxi héa) ( khi)

5.5.1. Mot s6 phan Wng oxi héa khit phé bién trong k¥ thuat méi trudng

e Su hoa tan va két tia clia Fe va Mn, dic biét trong X 1y nuéc ngam.

e Si dung clo va ozon nhu 1a tic nhin oxi héa trong xi& 1y nuéc va xi 1y nude
thai dé€ tiét trung.

e Trong x{ ly nudc thai, loai bd nitd biing qud trinh nitric héa hodc de nitric
héa hodc bang visinh vat hodc bing cdc tdc nhan héa hoc khéc.

e Visinh vat ky khi tiéu huy chat thdi / bun hoat tinh sinh ra khi metan.

e Trong cdc nha mdy xit'ly nudc thai do thi va nudc thai cong nghiép, sy oxi
héa cdc hgp chat hitu co didc thi 1a Iam gidm BOD va COD.

e An mon kim loai.

Mbi mot phdn tng dugc dic trung bing hé oxi héa khit dugc tinh tir phuong trinh
Nernst:
RT,  [0x]

E =E°+—I
" T r][Red]

trong d6: Ej, = th€ oxi héa khit can bing, Vol
E’ = th& khi¥ tiéu chudn 8 pH=0va & 25°C va § 1 amt
=1,23 Vva E’ = E, khi [ Ox | = [ Red]
R = hiing s6 khi , 8,314 J /mol °K
T= nhiét do tuyét doi ’K
n = s6 electron trao ddi
F = hing s6 Faraday, 96 487 C/ mol

Vung E, trong mdi trudng tw nhién 1a 0,6V (oxi héa tot) va — 0,8 V (khit manh).
NuSc bé mit cé E, trong khodng tir 0,2 d€n +0,5V .
Xét phan tng oxi héa khir cia nudce:

Phan ¢ng oxi héa :
2H20 = 02 +4H" + 4¢
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Phan ¢ng khu:
2H,0 +4 ¢ < H, + 20H (5.49)

Tuong tng vGi phuong trinh (5.49), ion hidro dugc gidi phong khi nuGe bi 6xi héa,
lam thay d6i ndng dd ion [H*] clia nudc, nghia 12 pH thay d6i.

Vung pH dic trung trong nuée ty nhién l1a tir 4 dén 9 dudc quy€t dinh bdi cdc cau
ti¥ ctia hé carbonat: CO,, HCO; va COs>. Trudng hop nudc ty nhién c¢é pH thip
hon 4 1a do sy oxi héa cdc khodng sunfit, nhung rat it gap. Trudng hgp pH > 9 ciing
tuong ty va sy ting pH trong nudc tu nhién la do khodng Na,CO; hoa tan. Phuong
trinh Nernst ddi vi nudc ty nhién nhu sau:

E_E 4 RTm([OZ][H*]“]

4F [H,0]?

~ 8,314 x 298 a
_]‘23+( 4x 96487 jln([OZ][H ] )

<1.23 + 0,0148 Ig ([O,][H'])

= 1,23% 0,0148 1g [O,] + 0,059 log [H"}

Khi quyén chita 21% lugng oxy, do vay dp suitsiéng phan ciia oxy bing 0,21 atm
(& 25°C), ta c6:

E,= 1,23+ 0,01481g [0,21] — 0,059 pH =122 - 0,059pH

Hinh 5.4 14 dd thi biéu dién thé E, theo pH d6i véi mot s6 mdi trudng nudc tu
nhién. C6 thé thiy ring nuéc mua c6 pH ~ 5,7, E, = 0,5 V. Khi nuéc mua chdy vao
cidc dong sudi, E, bi gidm chit it t6i E, ~ 0,4V tuong tng véi pH ~ 6,0. Céc gid
trén chi ¢ dudc néu nuéc mua khi di chuyén vao cdc dong sudi khong bi 4dnh
hudng bdi dat cé tinh axit hodc dnh hudng bdi thim thyc vat. N&€u bi 4nh hudng bdi
céc y€u td néi trén, nudc mua giif lai trong dat va dat trd thanh ngdp dng v6i pH ~
4,5va E,~0.

Thir vign Tiwreme BDEH S ohom Ko thudt TR EM
119 I Hir vien [ Fegrhg S0 S0 pRamt Sy thinat 100

http:/www. thuviensplkt.ediu. va




1,2
\\:\\ O,+H
L Oxi hoa
() Tx
N
. 2 ¢ H0 >«
o,o—\\l\qzo : 3
\\ : °
S :
\\4 .
~ : 2,
Oyt OH <5 & Khit
& l
\\
\\\l
1Z
«— . <A [
axit kiém
pH

Hinh 5.4. Sy phu thud¢ clia E, vao pH cia moi trudng nuée

Ranh gidi ciia cdc méi truong nuoez, | - nudc mua, 2- nudc song, 3- nudc dai duong
4- nudc ngdp iing, 5- trdm tich bién , 6 =.nudc bi dnh hudng bdi sy oxi héa khodng

sulphit.

Vidu 5.6
Khi phén tich mbu nude ngdm nguoi ta xdc dinh ham luong ciia Mn®

10°M. Hay xdc dinh:
a, Cuong dé oxi héa khit clia nguén nudc nay.

b, Néng dé oxy hoa tan ( tinh theo don vi mg/l ) trong nudc ngdm do.
Cho biét pH ciia nguén nudc nay bdng 6 va cé cdc can bing:

MnO, (r) + ?H* + ?¢ SMn®* + ? H,O
0;(aq) + ?H" + ?¢ 5 ?H,0

Gidi:

a. MnO,(r) + 4H+ + 2e¢ = Mn** + H,0

_ [

Theo ddu bai ta cé:

n® |
H +]'Te]?

= IgK

43-1g[Mn**]—4pH

43+8-4x6

2

2

120

= 1g[Mn*'] - 4Ig[H '] - 2lg]e]

Ig[Mn®*] + 4pH + 2p¢ = 43

hittp ..

lg K =43
IgK = 82
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pe= 13,5 pe duoc goi la cuong dd oxi hdoa khit ctia moi truong.

0;(aq) + 4 H + 4e = 2H,0
1

K =
[H+]*[0,(ag)].[e]*

= IgK = -4Ig[H"] — 4 Ig[e] - Ig [O>(aq)]

Theo ddu bai ta co: 4pH + 4pe-1g[0;(aq)] = 82
= 1g[0;(aq)] =4pH + 4pe-82 =4 x6 + 4 x13,5-82=-4
= [0:(aq)] = 3,2 mg/l.
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Chuong 6 .
HOA HQC CUA CAC THANH PHAN MOI TRUONG
VA SU DI CHUYEN CHAT O NHIEM TRONG HE THONG
MOI TRUONG

6.1. KHI QUYEN

LA 16p chin bdo vé bao gom cédc khi bao quanh trdi dit, giip duy tri cudc song
trén trdi di't va bdo vé né khdi moi trudng khong thuin 10i tir vii tru. Khi quyén hap
thu hau hét cdc tia vii tru va phan I6n cdc bic xa dién tir tir mit trdi. Khi quyén chi
truyén cdc tia c6 budc séng nim trong viing t& ngoai gin, kha ki€n, hong ngoai gan
(300 — 2500 nm) va séng radio (0,10 — 40 p), ngdn chin cdc bic xa t& ngoai pha
huy cdc mo c6 budc séng dudi 300 nm. Khi quyén déng vai trd then chdt trong viéce
duy tri can bing nhiét clia trdi di't thong qua su hdp thu cdc tia hdng ngoai phat ra
tif mit trdi va phat xagrd lai xuéng bé mit trai dat. Khi quyén 1a ngudn cung cip
oxy can thi€t cho sy songarén trai dat va khi CO, cin thi€t cho qu4 trinh quang hop
clia thuc vat. N6 ciing 12 ngdn cung cAp nitd, 1a chadt ma cdc vi khuin c6 dinh nito
va cdc nha mdy sdn xudt amoniac st dung dé€ sdn xuét nitd & dang lién két can
thi€t cho cudc song. Khi quyén cOfila mdi trudng quan trong d€ thuc hién chu trinh
nudc.

6.1.2. Thanh phan cia khi quyén

Khi quyén c6 chita cdc ciu tif chinh, cdc cav4 phu va cdc cdu tif chita & dang
vé&t. Thanh phan clia khong khi kho, khong bi 6 nhiém va & 16p sat bé mit dat cé
thé bi€u dién theo % tinh theo thé tich nhu sau:

Cdc cdu tit chinh: N 78,09
o} 20,94
Hoi nuée 0,1-5

Cdc cdu tit phu: Ar 9,34. 10
CO, 3,25.107

Cdc cdu tit dang vét: Ne 1,8.10°
He 5,24.10*
CH, 2.10*
Kr 1,14.10™
NO 2,5.107
CO, 1,2.10°
NO, 1.10°
H, 5.10°
Xe 8,7.10°
NH; 1.10°
SO, 2.10%
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Céc chi s6 clia khi quyén thay ddi rd rét theo do cao. Ty khoi clia khi quyén gidm
manh cling vdi sy ting clia dd cao. Ap suit s& giam tir 1 arm dén mie 0 so véi mic
nude bién dén 3.107 & d6 cao 100 km trén muc nude bién. Khdi lugng tdng cong
ctia khi quyén 12 khodng 5.10" tdn, gin bing mot phan triéu khdi lugng trdi dat.

6.1.3. C4u tric khi quyén
Khi quyén c6 thé chia thinh bdn ting nhu trong Bdng 6.1. N6 dudc md rong tdi

d6 cao 500 km véi nhiét do thay d6i tir — 92°C d&n 1200°C.

Béng 6.1. Cac ting khi quyén

TaAng b6 cao, km Nhiét do, °C Céc chat chinh
béi luu 0-11 15 > -56 N,,0,,C0O,,H,0
Binh luu 11-50 -56—> 2 O;

Trung luu 50-85 -2—5-92 0,", NO*
Nhiét luu 85-100 -92 —» 1200 0,", 0", NO"

Tdng doi luu: chita 70% khoi 1gng khi quyén. Gidi han trén cia ting d6i luu c6
thé thay ddi d&€n 1 km hoic 16n hontuy thudc vio cic y&u td nhu nhiét dd, ban chat
cla bé mit mit dat.. Khong khi 13 khorg ddng nhat xét vé phuong dién ty khoi va
nhiét do. Ty khdi gidm theo hAim mil civhg véi su ting dd cao. TAng ddi luu c6
thanh phan twong ddi ddng nhi't n€u nhu khotg c6 sy 6 nhiém khong khi trong tang
nay. C6 thé thiy ting ddi luu 14 tAng khd nhay ¢4m do tdc dong cla cdc hoat dong
ctiia con ngudi.

Nhiét d6 cda tang ddi lvu gidm déu din cling véi sitting d6 cao. Khong khi gan
k& bé mit dit bi dot néng bdi biic xa tir trdi dat. 16p lanh’(-56°C) & phan trén ciing
clia ting ddi luu dugc goi 1a 16p dirng, 16p nay ddnh ddu budc ngoit vé su thay doi
nhiét do.

Tang binh luu: day 1a ting ti€p theo ting d6i luu va c6 tic dung nhu 16p 14 chin
bdo vé cudc song trén trai dat khoi tdc dung c6 hai clia cdc tia tif ngoai tir mit troi
va ddng thdi cung cidp ngudn ning ludng cho viéc phin chia khi quyén thanh viing
binh ling binh luu va viing hdn loan ddi luu. Do ¢é sy khudy trdn it trong ting binh
luu nén thdi gian ton tai cia cdc phan ti loai c4c ti€u phan trong viing nay la tuong
doi dai. N&u nhu chi't 6 nhiém bing cdch nao diy di dudc vao ting binh Iuu, ching
s& c6 anh hudng ddc hai lau dai hon nhiéu so v6i 4nh hudng cla chiing § ting ddi
Iuu.

Tang trung luu: c6 toc dd ting nhiét dd Am, nghia 12 nhiét 46 gidm theo chiéu cao.
Diéu nay 13 do ndong dd thap cla cdc chit hap thu tia t& ngoai, dic biét 1a oxy va
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oxit nitd bi phan li thanh nguyén tif va chiu sy ion héa sau khi hp thu bitc xa miit
trdi § ving t& ngoai xa.

6.1.4. Qua trinh ti€n héa cia khi quyén

Hon mot nghin triéu nim trude day, ndi lta tdng hdp va thai ra CO,, hoi nudc,
NH; va cdc khi khdc & sdu trong tim clia chiing. Phian tf séng don gidn diu tién
dudc tao thanh trong hdn hop khi quyén khi¥, nhitng su chi€u xa manh liét khi
quyén bdi tia tif ngoai, cling v6i su chi€u xa tir cdc ngudn hat nhan phéng xa da
cung cAp ning lugng can thi€t d€ ti€n hanh cdc phin tng héa hoc. K&t qua cla cic
phdn ¢ng ndy I3 sy tao thanh cdc phan t& tuong d6i phic tap nhu axit amin. Cédc
phan tf s6ng nay nhan ning lugng tir qud trinh 1én men céc cht hitu cd sinh ra o
cdc qud trinh héa hoc va quang héa. Cudi cling ching c6 thé sian xuit ra chit hitu
cd (CH,0) thdong qua qué trinh quang hgp:

CO, + H, O + hv —» [CH,O] + O,

Nhu vay giai doan niy da Xdy ra su chuyén héa sinh héa tdng thé din t6i sy hinh
thanh khi quyén O,. Khi quyéni duge chuyén tir bAu khi quyén mang tinh khir
sang bau khi quyén mang tinh oxi héa.

Mot lugng oxy nhat dinh c6 thé da dugc dung d€ tao ra cic cd thé song nguyén
thiy. N6 dugc tao thanh & ting cao clia khi quyén dudi tdc dung cia tia ltra dién va
bitc xa mit trdi. Thyc vat 1a ngudn sdn xuitoxy dau tién cda trdi dit nguyén thiy.
Cung v6i sy ting ngudn cung cAp oxy thi cdc thuc vat bac cao hon xuat hién trén
trdi dA't va phdt trién kém theo cdc qud trinh k&6 dii nhiéu triéu nim 1am ting
ding k€ s lugng dong vat tiéu thu oxy d€ giit cintbing oxy trong khi quyén.
Thanh phan khi quyén hién nay gin gidng thanh phan‘khi quyén 500 triéu nim
trudc. Tuy nhién vin c6 nhung thay ddi nhé do mot s khi bi hap thu bsi dat trong,
céc loai dd va cdc co thé song hoidc thodt ra ngoai vii tru. Chu trinh cta viéc st
dung va tdi sinh cdc khi trong khi quyén 12 mot cin bing rat ding dugc chi y. Can
bing ndy bao gdm di't trong, khong khi, dong vat, thuc vat.

6.1.5. Héa hoc vé oxy va ozon
6.1.5.1. Oxy

Hoat tinh héa hoc clia oxy déng vai trd quan trong trong tang khi quyén thap. Céc
dang hop chit bén hiau hét cdc nguyén t6 1a oxit. C4c dai duong chita oxit clia
hidro, trong khi vé trdi dat chta chi y€u céc oxit dang rin cia silic, cacbon. Canxi,
magie, sit va nhom.

Oxy tham gia rong rdi vao cdc qud trinh trén bé mit trdi dat. N6 tham gia vio cdc
phén tng d6t, bi tiéu thu bdi cdc chat hitu c6 va mdt s6 qud trinh #n mon khéc.
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Vi du cdc phan tng héa hoc clia oxy trong khi quyén:
C+0,—>CO,
CH, + 20, > CO, + H,O
4FeO + O, — 2Fe,05

Thuc vat dua oxy quay trd lai vio khi quyén thong qua qué trinh quang hgp:
CO, + H,O + hv —» [CH,0] + O,

Trén tang khi quyén cao cdc dang ton tai ctia oxy 1a O,, O, O, O, va O; tifc 1a
phan tlr, nguyén tl, ion, cdc nguyén ti va phin t& dugc hoat héa. Biic xa t& ngoai
gdy ra sy phan li, sy ion héa...:

O,+hv—>0 + O
O3 +hv —> O, + O*
O+hv 50" +e
O, +hv—> 0, +e

6.1.5.2. Ozon

Ozon la chat quan trong trong tAng binh, Jitu, ¢6 tdc dung nhu 1a 14 chin bdo vé
cho sy s6ng trén trdi dit. Nong do ozon toi d& 12 khodng 10 ppm trong tang binh luu
& @6 cao 25 — 30 km. Ozon c6 khd niing hdp thuzmanh céc tia tf ngoai & vang 220
— 230 nm. Chi mdt phan nhé cdc tia tif ngoai ti mit trdi xudng dudc t6i ting khi
quyén thap va mit dat:

O3+hv—>0+0
O+02—)M(N2hOaC02)—>03+M

Co ché clia qud trinh phin huy ozon vin chua dugc hi€u k§. Ngudi ta cho ring
ozon bi phian huy bdi phdn &ng v6i oxy nguyén ti, cic gdc hidroxyl hoat ddong va
chd y&u 1a bdi NO:

0;+0—->0,+0,
O5; + HO* —» O, + HOO*
HOO* +O — HO* + O,

O3 + NO - NO, +0O,

NO, + O > NO + O,
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NO dugc sinh ra & tang binh luu, dudi 30 km, bdi phdn ng clia N,O véi cédc
nguyén ti oxy hoat dong.
Va § trén 30 km bdi phan &ng phian li N, - N

<30km N,O+ O* - 2NO

>30km N, +hv—>N+N

O, + N —> NO + O*

Bén canh NOx thi clo cling déng vai trd tich cuc trong viéc phan hidy O; & ting
binh luu:

ClI*+0;>Cl-0*+0,
Cl-0* +O0O—->CI* +0,
ClL—- O* +NO, > Cl- O-NO,

Céc ngudn sinh ra clo cht y&u tir khi CFC ( clofluometan- CCLF,) 1a chat lam
lanh. Chat nay tro & tAng ddi luu vaduoc khuéch tdn 1én ting binh lvu va & d6 dusi
tic dung cla blc xa t& ngoai ( ~200:nm) sinh ra Cl*. Ngoai ra nui 1&a cling la
ngudn sinh ra clo. Ndi Ita thdi ra khi clo,vA HCI vao tang binh luu. Cl, duéi tic
dung cda tia tif ngoai (300 — 400 nm) tao tiah CI*, con HCI phan &ng véi HO* dé
cho CI*:

Cl, + hv = CI* + CI*
HCI + HO* = CI* + H,0

6.2. THUY QUYEN

Thity quyén bao gdm toan bd cic dang ngudn nudc: dai duong, bién, song, hd
sudi, cdc tdng bing va nuéc ngdm. Khodng 97% ngudn cung cip nudc cla trai dat
12 cdc dai duong, mic du vay him Iugng mudi cao trong nudc dai duong khong cho
phép sit dung chiing cho nhu ciu clia con ngudi. Khodng 2% ngudn dy trit nudc
nim & biang déng § hai diu cuc. Chi con khodng 1% 1a ngudn nudc ngot (bao gdm
nudc bé mit va nude ngdm). Chinh lugng nude ndy dugce sit dung vao cdc muc dich
khdc nhau clia con ngudi. Thanh phin cdc nguyén td v cd ban dau clia nudc bé
mit chua bi 6 nhiém dugc minh hoa trong Hinh 6.1.

Nu6c bé mit ngdy cang trd nén bi 6 nhiém do thudc trlr siu va phan héa hoc cé
trong nudc thdi cong nghiép, va chit thi clia con ngudi va dong vat. Ngudn nudc
sinh hoat bi 6 nhiém 12 ngudn g&c giy ra nhiéu loai bénh cho loai ngudi.
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Hinh 6.1. Ham lugng mot s6 ion vO ¢d trong mdi trudng nudc

Chu trinh thuy vin (Rydrologic cycle) cung cAp ngudn nudc cho toan ciu (Hinh
6.2). Khodng 1/3 ning ludng clia 4nh sdng mit trdi dugc hap thu bdi bé mit trdi dat
dudc str dung cho chu trinh niié¢ — sy bay hoi nu6c tir bé mit cic dai dudng, su tao
thanh mdy, su ngung tu va chiifig cung cip cho ching ta ngudn nudc ding. Can
bing vat chit cia lugng mua hang ném chi ra ring khodng 70% la bi mat di bdi su
bay hoi truc ti€p va sy thoat hoi nudc i thire vat, trong khi d6 lugng 30% con lai di
vao cdc dong chdy. Ngudi ta da tinh dugc €dng, trong sd nay thi ludng nude dude st
dung béi con ngudi nhu sau: 8% cho thuy 191, 20% cho muc dich sinh hoat, 4% cho
cong nghiép va 12% cho viéc sdn xuidt dién. Nhw vay, thuy 1gi cho cdc muc dich
nong nghiép va cdc nha mdy thuy dién 1a nhitng noidiéu thu nuéc 16n nhat.

@
lll mua xudng mit dat

May trén
dai duong

May
trén dat
lién

«—

Mua trén bién
Bay hdi tir mit dat

Bdc hdi tir dai duong

Pai duong

Dong nudc ngdm

Hinh 6.2. Chu trinh thuy vin

O LT

127

hitp:www.thuvienspkt.edi.vn




6.2.1. Héa Iy cia nuéc bi€n

Khodng 3/4 bé mit trdi di't dugc bao phli béi nudc, nude c6 nhitng tinh chat vat ly
khong binh thudng so v6i H,S, H,Se va HyTe, vi du, nudc 1a chdt 1ong & nhiét do
phong, véi di€ém chiy 0°C, diém sb6i 100°C, moment ludng cuc cao, hiing s6 dién
mdi cao, ty khdi (1,0), nhiét dung riéng (lcal/g.OC), nhiét héa hoi 16n. Céc tinh chat
bat thudng nay clia nudc 1a do lién két hidro. Nghién citu nhiéu xa tia X doi vdi céc
tinh thé nudc dd da chi ra ciu tric sau cia nudc, Hinh 6.3:

Hinh 6.3. C4u trdc cda phan tif nu6c

Mdi mdt phin ti nudc dude bao quanh bdi 4 phan tif nu6c ditng gan nhau tao thanh
cAu trdc td dién.

Bién va dai duong 12 sdn phamciia qué trinh trung hoa axit — bazo khdng 16 trong
céc giai doan dau cda su tao thanhdi dat. cdc axit (HCI, H,SO4, CO,) thodt ra tir
bén trong 1ong dat thong qua hoat don& ¢lia nidi Ita dd phdn tng véi cdc bazo dugc
gidi phéng do tic dong cla thdi ti€t dén. cdc loai dd. Nudc bién chita 16n gip
khodng 2000 I1an so v6i cdc ngudn nuc bé mi.

6.2.2. Can bing ctiia nuéc bién

Can bing clia nudc bi€n cuc ky phitc tap va khé khin-cho viéc 4p dung cic khdi
niém nhiét dong hoc bdi vi gidi quy€t mot hé thong c6 cac tham sd khong xdc dinh
nhu nhiét d6 trung binh 5°C (0 °C - 30°C), 4p sud't 200 arm ( latm trén bé mat va
1000 atm & ddy). Ta da biét dugc ring cdc dai dudng chiu 0,5 triéu vong quay trong
thdi gian 500 triéu nim, xem thdi gian mot vong quay 13 1000 nim. Piéu &y c6
nghia 12 pha 18ng dudc khudy tron hodn toan. Nhitng tuong tic thudng xuyén vdi
khi quyén, sinh quyén va cdc trim tich dd bd xung nhitng dai lugng dic biét cho
cdc qua trinh cin bing. P6 1a cdc dai lugng pH va pE.
* pH

Do pH ctia nu6c bién (8,1+ 0,2) trén toan cau 1a mdt van dé rat thd vi va héc bia
d6i v6i cdc nha héa hoc. Ngudi ta da dua ra cdc gia thi€t sau day:
1, Tac dung dém ctia hé H,CO; - HCO; - CO5™:

CO,+H,O0<= H2CO3 < H + HCO3_
HCO; < H' + CO3>
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2, Tac dung dém cua hé B(OH); - B(HO),:
B(OH), + H' < B(OH); + H,0

A i R . . 4 A o1 2, A z
3, Cén bang trao doi ion cta cation tan vd&i phan silicat chita trong tram tich cta
bién:

3A12$1205(OH)4 + 48102 + 2K + 2C32+ + 9H,0 < KC3A13Si5016(H20)6 +6H"

Can biing trao d6i ion nay rd rang 13 y&u t& c6 tic dung dém chinh trong nudc
bién.

*pE : Cudng do oxi héa khu
pH dugc xdc dinkbing phuong trinh:

pH =- g (an*) (6.1)

Tuong ty pE dudc xdc dinh bing phuong trinh:
pE = -lg (ae) (6.2)

ac = hoat dd cta electron trong dung dich nude.

Viéc xdc dinh nhiét dong hoc dua trén phan Gng:
2H" ( pha nudc) + 2e” < Hy( phakhi)

Su bién d6i ning lugng tu do clia phdn ng nay ding bing khong khi toan bod cdc
ciu tlf clia phdn tng c6 hoat dd bing 1. Phdn ng nay la quan trong tao nén co s§
cho ning lugng tu do tao thanh cta toan bd céc ion trong dung dich nudc, cling nhu
cho viéc xdc dinh nhitng bi€n d6i ning ludng ty do cla cdc qud trinh oxi héa khir
trong nudc. pE khé xdc dinh hon mét chiit so véi pH. Vi du & 25°C trong nudc tinh
khi€t & moi trudng Iuc ion bing 0, an* = 107 va pH = 7,0 nhung ae = 1,0 va pE = 0
khi H* (pha nudc) c¢6 hoat do bing 1 nim cin biing véi hidro & 4p suit 1 atm. N&u
nhu hoat do clia electron ting 1&én 10 1an, nghia 12 ae =10 thi pE sé& 1a —1,0.

Lién quan giita pE va th€ dién cuc c6 thé bi€u dién tir phuong trinh Nernst:

E=0 4 209 IPY1 o500,
n " [S7]
PU= chit phén ing
SP = sdn phim
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Tu 1y thuyé&t nhiét dong hoc thi:
E . e
E=—— 025°C
P 0,0591 ( )

va phuong trinh Nernst trd thanh:

_ ooy 1g[PY]
pE = pE +rl lg (] (6.3)

Trong nudc tv nhién pE dugc xdc dinh bing phdn tng:

2H20 = 02 + 4H" + 4e
va: 2H,0 + 2e < H, + 20H

Gidi han dd bén oxi héa clia nudc dugc xdc dinh bing cdc phuong trinh nhu sau:

1/4Q + H +e © V2 H,0 pE’ =+ 20,75
pE = 20,75 — pH.

D6i v6i nube trungh tinh
Diéu kién wa khi Po,= 0,21 atm, pE = + 13,75.

Can phdi so sdnh véi gid tri pE trong nudc ky, khi & d6 CH, va CO, dudc sinh ra
do hoat dong ctia vi sinh vat. Néu xem pH = 7,0va Pco, = Pcy, thi gia tri pE dudc
tinh rala +4,13 va Po, 1a 107 atm.

D6i v6i nude bién, pE dude xdc dinh bdi cin bing vdi oxy clia khi quyén (&
25°C):

1/20,(khi) + 2H" + 2e < H,0
1gK =1g[H,0] - 12.1g(0,21) + 2pH + 2pE
1gK =-0,01 + 0,34 + 16,4 + 2pE
= pE=12,5.

6.2.3. Su’ tao phifc trong nudc ty nhién va nuéce thai

Nhitng tdc nhdn tao phttc chelat c6 trong ty nhi€én, nhu axit humic va cdc amino
axit, cing ton tai trong nudc tu nhién va dat. Him lugng 16n clia clorua trong nudc
bién din t6i sy tao thanh mdt s& phic ciia clo. Cac tdc nhin tao phifc chelat tong
hgp nhu Natri tripolyphotphat Natri etylendiamin tetra axetat (EDTA), natri nitro
triaxetay (NTA) va Natri xitrat dugc thdi vaio hé thdng nudc tif cdc ngudn thdi cong
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nghiép. Cédc phoi t (Hinh 6.4) dugc tim thiy trong nudc tv nhién va nudc thai chira
cidc nhom chitc hitu co khdc nhau va ching s€ tao phuc véi cac ion kim loai:

o H o)
[ ya . |
—C—O - N: N C
DNZE PN
Nhoém cacboxyl H

Nhom amino thom Nhom phenoxy
Va mach thing

R

Nh&m photphat
Hinh 6.4. M6t s6 phQitif hitu ¢d c6 kha ning tao phiic chelat
G trong nudc va nude thai

Cic phdi tir nay tao phic v6i hiu hét fon kim loai (Mg**, Ca**, Mn**, Fe**, Fe™,
Cu®*. Zn*, Co™, Ni**, Sr**. Cd*, Ba* ..).

6.2.4. Cdc vi sinh vat - chat xic tdc cho cac plian @ng héa hoc trong nude

Céc vi sinh vat, vi khudn, nim, rong tdo 13 cdc chat'xiic tic s6ng. Ching gitip cho
mdt s6 16n cdc qud trinh héa hoc xay ra trong dit va niée. Phan 16n cdc phan ing
héa hoc quan trong xdy ra trong moi trudng nudc, dic biét 1a cdc phdn ng c6 su
tham gia cta cdc chat hitu c¢d va cdc qud trinh oxi héa khit xdy ra qua trung gian
cdc vi khuin. Rong tdo 1a ngudn sinh sdn chinh clia cdc chdt hitu co sinh hoc
(biomass) trong nudc. Cédc vi sinh vt din t6i su tao thanh nhiéu trAm tich va céc
via quing. NAm va vi khudn dudc xem 13 cdc chit khit. Vi khuidn xiic ti€n cho
nhiéu phdn ng oxi héa khit khdc nhau va biing cich dé cung cAp ning lugng can
thi€t cho qud trinh trao ddi chit va phan chia phat trién clia chiing. Mot s phan
trng oxi héa khir quan trong trong mdi trudng nudc thudc vé loai nay la:

e Phan tng oxi héa:
[CH, O] + H,O < CO,+ 4H" + 4e

HCOO < CO,+H +2e
HS +4H,0 < SO,> +9H" + 8¢
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NH4+ + 3H20 = NO3_ + 10H+ + 8e
FeCO; (r) +2H,0 < FeOOH (r) + HCO; +2H" + e

e Phén tng khu:

02 +4H" + de & 2H20
NO; + 6H" + 5¢ < 1/2N,T + 3H,0
CO, + 8H" + 8¢ < CH,T + 2H,0

Vi khudn tham gia vio nhi€u qud trinh sinh héa trong nuSc va trong dat, dong
thdi ching ciing tham gia vao cdc chu trinh clia cdc nguyén td quan trong trong tu
nhién, bao gdbm N, C va S. Chiing gitip cho su tao thanh nhiéu mé khodng bao gom
cdc mo sdt va mangén.

Chuyén héa nitd 12 mdt trong nhitng chu trinh quan trong nhi't dudc xtc ti€n bdi
vi sinh vat trong moi triidng nudc va dit. N6 dugc dua trén bon chuyén héa quan
trong sau:

1, C6 dinh N nhd d6 ma phan tir Ny chuyén thanh N lién két (chii y&u nhd vi khuin
Rhizobium):

3[CH,O] + 2N, + 3H,0 +4J" — 3CO, + 4NH,"
2, Nitrat héa
PAiy 12 qud trinh oxi héa NH; thanh NO;™ (nhd cdc vi khudn Nitrosomonos va
Nitrobacter):
NH; + 3/20, > H + NO, + H,O
NO, + 1/20, - NO5y
3, Su kh¥ nitrat:

1/2NO5 + 1/4[CH,0] — 1/2NO5 + 1/4H,0 + 1/4CO,

4, Qu4 trinh denitrat: qud trinh nay bao gém cdc qué trinh khit NO5” va NO, thanh
N,, ti€p d6 1a dua trd lai N, vao khi quyén:

4ANO; + 5[CH,0 + 4H" — 2N,T + 5C0O,T + 7H,0

Chu trinh cda nito dugc minh hoa trong Hinh 6.5.
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/ K quyn

Téng hdp héa hoc C& dinh N béi vi sinh vat
va khi quyén Denitrat hé \
N trong hop chat
de nitrat hoa N, hifu cd

/

Qu4 trinh Phéan huy nho vi sinh vat
héa hoc ¢ dinh N

\\\\* NH;

v////
Nitrobaeter

il NOy | Vikhudn

Hinti:6.5. Chu trinh nitg

6.3. THACH QUYEN

LA phan vé ngodi cling cla trdi dat, c6 chita cdc loar khodng khdc nhau. Trong
thach quyén thi dat 12 thanh phan quan trong nhat, né 1a mot hdn hgp phic tap cic
khodng, cdc chit hitu co, khong khi va nudc. Ngay nay dit ciing dang bi 6 nhiém
ning né do cic hoat dong clia con ngudi.

bat dugc hinh thanh ti sy phd v cla cdc vat liéu d4 bdi qud trinh phong héa va
hodc qud trinh x6i mon va cé thé trdi qua mot sd bi€n ddi trude khi 1dng dong. Cic
ki€u cdu tric vi mo va vi md clia dat phu thudc cdc qué trinh phd vd vat liéu d4,
qud trinh bi€n d8i va qud trinh di chuyén va ling dong. Do vy, c6 thé c6 nhiéu
ki€u di't khiac nhau dugc hinh thanh tir mot loai d4. Cac diéu kién vé thdi tiét va
thdm thuc vat, thdi gian phét trién ciing 12 nhitng y&u td tao ra cdc loai dat khic
nhau.

Qud trinh phong héa héa hoc va phong héa co hoc c6 thé 1a mot yéu td quan
trong cda sy hinh thanh dit. K&t hgp véi luc trong trudng, gid, nudc..., dat ling
dong va c6 nhitng dic trung phidn bo vé kich thudc hat. Vi du, dat ling dong do
dong nudc thudng c6 cdc hat thd va hinh ddng thay d6i theo tirng viing. Nhung
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nhitng viing dat ling dong do gié chuyén tdi thudng cé nhitng hat déng nhat va
tron.

Thuc vat 4nh hudng dén dic trung cla dat. Vi du khi ré clia cAy bi chét bi phan
huy d€ lai nhitng 18 tréng, khong khi va nudc c6 thé di vao. RE clia thuc vat dic
biét 1a cédc loai ¢d gilp cho cdc hat dit k&t hgp véi nhau 1am gidm qud trinh x6i
mon. Sy déng gép 16n clia thuc vat cho di't 1a bd xung cdc chat hitu co. Vi sinh vat
tap trung nhiéu nhat trong cdc tAng dat bé mit va c6 mot vai trd hét sitc quan trong
trong cdi tao dat, phdn hdy cdc hgp chdt hitu cd trong di't d€ tao thanh chit mun.
Thuc vat, dong vat va vi sinh vat gitp cho dit gidi phéng hoic tdi tao cdc chit bd
dudng lam cho dit tr6 nén mau ma.

Ham luong cdc hop chit hitu co trong di't thay ddi tir 1% dén 90%. Thong thudng
céc tang da't chita khodng 15% cdc chat hitu co. Chat man (humus) trong dat c6 kha
ning hap thu mdt luong 16n hdi 4m. Do vdy, chidt min cang nhiéu trong dat thi
lugng nude chia trafig dit cang 16n. Ngoai ra chat mun lam ting cao kha ning trao
d6i cation trong dat. Dung tich trao d6i cation cia chdt miin biing 3000 megkg” so
véi cdc loai khodng sét nfut cao lanh: 30 -150 meqgkg ™ , illite 12 600-1000 meqkg ™",
monrmorillonite 1a 600-10004neqkg™”.

Pat van ti€p tuc bi thay doi sau khi ling dong, dic biét vao diéu kién thdi tiét.
Trong cic diéu kién thdi ti€t kho V& néng, 16p dat bé mit bi kho, nuéc tir bén trong
s& thodt 1én bé mit gy ra cdc hiéu (g dp suit trong hé thdng mao din lam vd ciu
triic clia da't. Su bién d6i héa hoc ciing xiy, ra trong dat 1am ting ham lugng khodng
sét trong da't dAn d&€n dd déo ting 1én va dOthim thau cla dit gidm xudng.

6.3.1. Cac tang dat
P4t dudc chia thanh cdc viing hodc 12 cdc tAing khdc.shau vé dic trung tir ting da
gdc dén 16p dat bé mit. Nhitng ting di't chinh clia di't bag-gdm:

e Tdng H. Pudc tao thanh bdi sy tich liily cla cdc vat liéu hitu co ling dong
trén bé mit dit. N6i chung 16p dit tang H chita khodng 20% vat liéu hitu co
hodc 16n hon. TAng H dugc bdo hdoa nudc trong mot thdi gian dai.

e Tdng O. Tao thanh béi sy tich liiy clia cdc vat liéu hitu co, 1ing dong trén bé
mit, Lugng chit hitu cd chita khodng 35% . Tang O khong dugc bdo hoa
nudc trong mot vai ngay trong nam.

e Tdng A. Tang khodng chit & ngay dudi 16p bé mit c6 hinh thdi ddp Gng su
hinh thanh cla dat.

e Tdng E. Tang khodng chit mau xdm tap trung phan cdt va bun.

e Tang B. TAng khodng chat. TAng B c6 nhitng dic trung sau day:

(a). Lép boi tich tap trung cdc khodng sét, sit, nhom ...

(b). Nong d6 du cia secquioxides lién quan d&€n cdc ngudn vit liéu.

( c¢). La ting thap nhat c6 thé hodc khong cé thé nim trén 16p d4 gbc. Tang nay

thudng chira cdc loai dd bi phong héa hoic 1a c4t va bdi tich soi.
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6.3.2. Piic tinh héa hoc cua dat

6.3.2.1. Cac thanh phan vo co trong dat

Cat, dat sét va dat thit 12 nhitng thanh phin v6 cd chinh clia dit. DAt cdt gbm
nhitng hat cat c6 dudng kinh tit 50 — 2000 um ¢6 khd ning thAm nuéc va cdc mudi
hoa tan nhung kha ning hap phu rat kém. DAt thit gdm nhitng hat c6 dudng kinh tir
2- 50 um c6 14n c4t, mudi clia can xi va aluminosilicat. DAt sét ¢6 dudng kinh < 2
um 12 nhitng hat silicat hosic aluminosilicat 12 k€t qua clia qué trinh phong héa. DAt
sét c6 khd ning hip phu mudi khodng hoa tan kh4 tot.

C6 thé so sdnh thanh phin clia cdc nguyén t6 chinh trong dat va cdc loai d4 trén
16p v4 trdi dat:

Trong dat: O > Si> Al>Fe >C > Ca>K >Na>Mg > Ti.

Trong cac loai da: O>Si>Al>Fe>Ca>Mg=Na>K>Ti>P.

Céc nguyén td c6 mit trong di't c6 thé tdn tai dugi dang rin, 16ng hoic dang khi.
Do rong ctia dit kkdc nhau tuy theo dang dit va qué trinh hinh thanh. Do vay s&
16n cdc nguyén td trofie dat c6 thé ton tai & nhiéu pha khdc nhau. P4t & nhitng
ving kho ciin, thanh phinigdc nguyén t6 vo co chiém d€n 90%. Trong nhitng ving
A4m uGt, trén bé mit (c6 d6 sau 0,1 — 0,3 m) thanh phin chat hitu co chi€m da s6.
Cau tric clia dat thay ddi theo ¢hoi gian thong qua qué trinh phong héa, cdc hoat
dong sinh hoc va su chdy clia nuéc.‘do vay, ty lugng héa hoc cia dit khong phai la
tuyé&n tinh. Lugng oxy trong dat khodhg bing 490g/kg va silic khodng bing 310
g/kg. Hai nguyén td nay chi€m dé&n 80%.ciu thanh cla dit. Ching khong ton tai
dudi dang don chi't (O, va Si) ma két hdp v@i.nhau d€ tao thanh cdc khodng chat,
cdc khodng vat chinh c6 trong dit 1a quartz, feldpar, mica, amphibole, pyroxene va
olivine c6 ngudn gdc tir d4 goc.

Phan khong phdi 12 trang thdi rin cia dit tao nég dit 13 nudc va khong khi
chi€m d&n khodng 30 —60% tdng thé tich. Trong khi do thanh phan khong khi cia
dat tuong ty nhu thanh phan khong khi clia khi quyén. Tuy nhién, mot s& chat khi
c6 ham lugng rar khac biét, vi du khdng khi khi quyén chita 209500 ppm O,, trong
khi d6 khong khi trong dat chita 20.000 ppm dén 200.000 ppm tip trung & gan
viing ¢6 ré cha thuc vat. Tuong tu, ham lugng CO, trong khi quyén khodng 300
ppm nhung trong khong khi ctia dat ham lugng CO, c6 thé cao hon, tdi 3000—30000
ppm & gin bé mit va dat t6i 100000 ppm & do sdu hon. Cédc chat khi khdc ciing c6
su thay ddi @6 1a do su hoat dong manh mé cia vi sinh vat trong dat.

Nuégc clia dat dude goi 1a dung dich dat. Dung dich dit chita cdc khodng chit hoa
tan cdc hat keo va cdc hat Id Ing. Dung dich dat c6 thé ton tai mot luong nhd &
dang hdi (< 3% theo thé tich ctia d4't). Cac khi khdc tdn tai trong khong gian cia 16
kho hoic 1a bi hoa tan vao dung dich dit. Lugng khi trong dung dich dat phu thudc
vao lugng khi trong khi quyén va ciing phu thudc vao hiing s6 khi cda dinh luat
Henry. N&u 4p sudt riéng phan va hing s6 khi cia mot chi't khi da dugc biét, luong
chat khi trong dung dich di't & diéu kién cAn biing c6 thé dugc xdc dinh.
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6.3.2.2. Cac thanh phan hitu co trong dat

Mic dii cdc chat hitu co chi chi€m tir 2-5% tdng khdi lugng clia dit nhung c6
mdt vai trd hét sitc quan trong trong cidc phdn tng héa hoc ciia dat. Thanh phan
hitu co thudng nim trong 16p dit trén cling gdm cédc khi sinh hoc (sinh khdi), cic
chat do phan huy thuc vat, ddong vat va chit min. Sy tn tai thanh phin hitu co
trong dat phu thudc vao cdc yé&u to khi hau, dia hinh va tinh trang cii tao dat.

C6 thé x&p loai thanh phan hitu co trong dit theo cdc chidt min va cdc chat
khong phdi mun. Cdc chit khong phdi miun bao gom cacbuahidro, protein,
aminoaxit, md...Céc axit hitu cd bac thdp dugc khodng héa nhanh bdi cdc sinh vat
nén thdi gian sdng clia cdc chat khdong phdi mun rat ngin. Ngudc lai, cdc chdt min
c6 thanh phin phic tap, ¢ tinh axit va c¢6 mau t6i. Cdc chdt mln 12 cdc hop chit
thom da dién ly vd mdt phan 13 cdc hop chat chita hidro véi khdi lugng phan tir tir
300 dé&n 100.000. c4dc chit min 12 sdn phidm trung gian cda qda trinh khodng héa
cdc chat hitu co trofig buin va 4nh hudng t6i kha ning hit nudc, kha ning trao d6i
ion clia dat va khd ning lién két cdc ion kim loai.

C6 thé chia thanh ba loxi-chdt mun dwa vao d6 hoa tan cla ching:

e Céc axit humic c6 khdiludng phan tif tir 20.000 d&€n 100.000, c6 thé hoa tan

trong mdi trudng kiém vi két tha khi axit hda.

e Axit fulvic c6 khéi lugng ricétg nhd va ¢6 ham lugng cdc nhém chic axit

cao, hoa tan dudc cd trong moi trong kiém va moi trudng axit.

e Humic gdm cdc chat cao phan tif c§n lai khong tan, c6 mau den, xudt hién

do qua trinh gia héa cta axit humic vizaxit filvic.

6.3.2.3 Ion trao doi

Tuong tic cla pha rin va pha 1dng clia dit diide xem 13 sy trao d6i cia
cation/anion trong mdi trudng dat. C4c hat sét trong dit/s¢ tao ra cdc hat keo cé
kich thudc tir 10~ m dén lum 10 Iéng trong dung dich dit. Phin 16n cdc hat keo cla
mang dién Am, phan con lai mang dién tich duong & 16p nudc mdéng trén bé mit
clia keo. Thyc vat hap thu cation tif dung dich dit chii y&€u trén gan bé miit hat keo,
cdc ion nay trao ddi vdi cdc ion khdc hoic trong qud trinh ty nhién hoic 13 qua
trinh nhan tao nhu tudi nudc, bon vdi va phan. Vi du cho dung dich (NH,),SO, di
qua mot cot dat; ion Ca’* s& bi rita ra khdi cot vi ion NH," chi€m wu th& hon trao
d6i véi ion Ca®" trong dung dich, bén trong cot dit. DAt ciing c¢6 thé phan biét bing
dung tich trao ddi cation (CEC), nghia 1a 4i lyc ddi véi mot loat cation c6 kha ning
trao d6i chinh do d4t lua chon. P4t thd c¢6 CEC thap khodng bing 10 mmol / kg. DAt
min c6 gia tri CEC cao, x4p xi 600 mmol/kg).

Phédn tng trao ddi ion c6 thé dudc dinh nghia 13 phin tng cé lién quan dén su
thay th& cia mot chit ion trong thanh phan chit rin biing cdc chit ion khic 14y tir
dung dich nudc khi pha rin va pha 18ng ti€p xiic vdi nhau.
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Vi du su trao d8i cia Mg** d6i véi Ca’*
CaCO(s)+ Mg (aq) < MgCO,(s)+ Ca? (aq)
Hing s6 cAn biing cia phan #ng dudc biu dién:

« _ [Mgco,Jea*]

 [caco,Jmg* | o9

6.3.2.4. PO miin cia dat

Dung dich dit dugc coi nhu 12 min néu d6 din dién (EC) 16n hon 4000 ps/cm. Do
min cla dat chli y&u cé ngudn gdc bay hoi nudc trong dat vudt qué sy két tinh, cdc
mudi khodng khong bi ri¥a troi ma tich liiy trong da't. Nguodn chinh clda do min 1a
phong héa cdc khodng chat; 16i cudn hoi nuéc bién (nhitng ving gan bd bién);
mudi héa thach va ngiton do con ngudi tao ra nhu bén phan, tudi nudc...

Phong héa héa hoc va vat IV cia da va khodng chat 13 ngudn chd y&u clia mudi.
Trong khong khi 4m wét, mu6i duge chi€t ra va di qua cic ting dit bdi nudc mua
thAm nhiém vao. Khi & trong nuiédc ngdm, chiing ti€p tuc di chuyén t6i sdng va bién
va di vao chu trinh thuy vin .

6.4. SU DI CHUYEN CHAT O NHIEM FRONG HEt THONG MOI TRUONG
6.4.1. Nguon 6 nhiém, phat tan, tdi tip trung va phan huy chat 6 nhiém

TAt cd cac hoat dong cda con ngudi déu tac ra’chat 6 nhiém. Cdc cd s§ sdn xuit
cong nghiép, sdn xuit ndng nghiép thdi chit 6 whi®m vao nuéc sdng, hd, vao
khong khi. Chat thdi chon ci't dudi dat da 1am 6 nhiém@at bé mit, nu6c ngam.

Nudc va khong khi 12 con dudng chd y&€u dé€ phdt tin cic hop chit 6 nhiém, bao
gdm cdc hop chit hitu co it tan trong nudc, cac hat bui cé kich thudc rat nhd cé thé
di chuyén trong khong khi v6i quing dudng rit xa tinh tir ndi xuit phat. Cdc hop
chdt hitu cd bay hdi hydrocarbon nhanh chéng bi phan huy nhung sé déng gép o
nhiém mang tinh chit dia phuong & dang suong mu quang héa. Néu nhu hgp chat
hitu co bén hodc tdc dd phan huy chim, & trong ting khi quyén thdp nhu trong
trudng hgp cdc chat hitu co chita clo (Cl) va brom (Br) sé di chuyén 1én ting binh
lvu. Sy phan huy cdc hop chat hitu c¢d s& trd nén nhanh chéng duéi tic dung cla
cdc buc xa ¢6 budc song ngin.

Phit tdn chit 6 nhi€ém trong mdi trudng nudc hodc trong khong khi s& tao ra mot
co ch€ pha lodng ch4t 6 nhiém. Chiing ta di bi€t 4nh hudng ctia chit 6 nhiém dén
moi trudng déu lién quan truc ti€p d&€n ndng do cda ching. Qud trinh phat tdn 1a
mdt qué trinh trdi rong chi't 6 nhiém trong moi trudng, nhu vay chat 6 nhiém sé tic
dong rat nhd d&€n moi trudng khi & xa ngudn thai. Cdc chat 6 nhiém bi phan huy bsi
hoat dong clia vi sinh vat, b&i phdn ttng quang héa hodc nhiéu dang phan huy khac
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din dén thay d6i ndng dd chit 6 nhiém, hoic chit 6 nhiém tip trung lai t6i mic
ddc hai trong cdc loai thuy sinh, trong trim tich, trong thuc vat...

Sau day 12 cdc vi du vé qud trinh tdi 1am gidu chit 6 nhiém sau khi phét tdn trong
moi trudng:

(a) Kim loai cadimi (Cd) c6 thé dugc tim thdy trong cdc cd quan ciia cic loai so,
hé&n v6i ndng do6 t6i 2 triéu 1an 16n hon mdi trudng nude xung quanh, (Bdng 6.2).
(b) Thanh phian chinh cda chiat bdo vé thuc vat DDT (p,p’-
dichlorodiphenyltrichloroethane) 13 chit 6 nhiém trén toan thé gidi vi hdp chat nay
dudc st dung rong rii trong nhiéu thap ky va Ia chat rat khé phan hdy.

(c ) Céc chit phéng xa nhu Cs -137, Pu - 239/240, Sr -90 tir vu nd hat nhian nha
mdy dién nguyén t Trecnobun (Ucraina) phat tdn trong khong khi va 1am 6 nhi€ém
trén pham vi toan ciu, & Viét nam da phat hién dudc cdc chat phéng xa nay trong
da', trong tram tich, thuc vat va trong mot sd loai hai san.

Béng 6.2 Ty 1¢ iam lugng kim loai dudc 1am gidu trong so bi€n so vdi ham
lugng kim loai trong nuGce
( nudc c6 hé s6 biang 1)

Kim loai Ty 1& so véi nuéc trong con so
Cd 2260 000
Cr 200000
Fe 291500
Pb 291500
Mn 55500
Mo 90
Ni 12000

6.4.2. Sy van chuyé&n va tdi tip trung cac hgp chat hitu co trung hoa

Céc hdp chit hitu ¢d trung hoa dé tdi tp trung, do c6 dd bay hoi thdp va khdi
lugng phan ti tuong d6i cao (M > 200). Trong phan ti clia chiing thudng chita cdc
nguyén ti clo, Hinh 6.6.

Céc hop chat hitu cd c6 khdi lugng phan tif tuong d6i thap c6 thé tao ra mot s
vAn dé 6 nhiém mang tinh cuc bd. Hydrocacbon thdi ra tir cdc dong co 6 td 1a tdc
nhan gy ra hién tugng suong mi quang héa trong cdc thanh phd 16n.
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OO

CCla

py-DDT

Thudc trir siu hitu cd dudc clo héa

Cl
I e R
o H;CD’ g LH USRS
Cl
Dieldrin Malathion

Thudc trir siu hitu cd chita clo Thudc trif sAu trén cd s& pho pho

1 1
Cl O Cl COCHCH(C:Hs)(C4Ha)
Cl O Cl COCHCH(C:Hs)C4Ha)
Cl Cl

2.2°.4.5.5-Pentachlomobiphenyl
a polychlorinated biphenyl (PCB))

Bis(2-ethylhexyl)phthalate
ia phthalate ester)

2,3, 7.8-Tetrachloro- p-dioxin
{a dioxin)

Hinh 6.6 Mot s6 vi du vé cdc hgp chat hitu co trung hoa

6.4.3. T4i tap trung ciat 4 nhiém biing con dudng sinh hoc

Trit céc hgp chat hitu cochita

cdc nhom phéan cuc nhu cic nhém — OH, - NH,,

hoic ion, phan 16n cdc chat hite ¢d khdc tan rdt chim trong nuéc, ngay ca cic hop
chdt ¢6 nhitng nhém chifc gidng fihau, do tan ciling gidm v6i sy ting khoi lugng
phan t&. Khi d tan trong nudc gian thi d6 tan trong dung mdi hitu cd ting 1&€n
(hinh 6.7). Nhu vay cdc hgp chat hitu cd.sé tan rat t6t trong mé md clia cdc dong
vat ¢6 vi, trong moi trudng bi 6 nhiém, cie.chat 6 nhiém sin sang di vao cdc md

md ctiia dong vat dic biét 1a cic

md md § thian vi diy 12 cd quan ti€p xiic thudng

xuyén vdi cdc dich 18ng trong co thé (Hinh 6.8).

hia nudc: octanol

han ¢

do tan trong octanol / do tan trong

nudc

¢ s0 p

& CDiphenyl ether

Carbon
tetrachloride
-

Malathion e

Chloroform
-

Tetrachlorobenzenes =

Benzens

1 '

H

o 402 qo!

'l H L A1
1 10 102 103 1ot 10°

- Do tan trong nudc, pg/l

Hinh 6.7. Hé s phan chia theo do tan dung dich cta cdc hgp chit hitu cd ¢

¥y nghia mo1i trudng.
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107

10t F e 242 4-PCE

Hexachlorobenzene

Heé sd tich lily sinh hoc trong c4 hdi ngii sic

3 b .
10 Biphenyl
- .
p-Dichlorobenzens
Diphernyl ether -
107 [
Tetrachloroethylenes
Carbon tetrachloride =
-I 0 i 1 1 1 1
1072 107! 1 10 102 102 104

b6 tan trong nude ( pmol/l)

Hinh 6.8. H& 50 tich liiy sinh hoc theo dd tan cda cdc tdc nhadn héa hoc ¢ ¥
nghia v6i moi trudng.

Kha niing tich luy trong sinh vat dudc xdc dinh bing hé s6 lam giau sinh hoc,
dudc dinh nghia nhu sau:

Nong d6 h¢pchit trong sinh vat
Hé so 1am giau sinh hoc = (6.4)
Nong @6 hgp chat trong moi fritdng nuée chung quanh

6.4.4. Tich lily trong tram tich

Hién tugng tich lu§ trong tram tich cling lién quan d&én do tan thdp cla cdc hgp
chat hitu co c6 khdi lugng phan tif cao trong nudc, cing véi tinh ky nudc cla céc
hgp chat hitu cd khong chita nhém chitc phan cuc. Cdc vat chdt hitu co khong hoa
tan hoic két tda trong nuSc s& bi gin vao chit ran. Dién tich bé mit chat rin cang
16n thi kha niing hap phu cdc hop chit hitu ¢d cang 16n.

6.4.5. Tich liiy sinh hoc mé rong

Pong vat st dung thuc vat hoic dong vat khdc lam thic dn, day truyén thuc
ph§m dugc hinh thanh, mbi mot cd thé phu thudc vao cic ca thé khic d€ ton tai.
Né&u nhu chi't 6 nhiém hién dién & cd thé dau tién thi qud trinh tich liy cho cd thé
sau d6 bt diu x4y ra.
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Qud trinh tich lily chit 6 nhiém qua diy chuyén thyc phAm dudc mimh hoa trong
Hinh 6.9. Khii niém ddy chuyén thyc phaAm x4y ra trong ty nhién tuong ddi don
gidn d6i vdi so cd thé chi c6 mot ngudn thic in.

VAin con c6 nhitng diéu chita thé gidi thich ndi tai sao ndng d6 16n nha't clia chat

6 nhiém dudc tim thdy & chim sin mdi 12 mot c4 thé & cudi day chuyén thyc pham
hon nhitng sinh vat song gan ngudn phét tin ban dau chi't 6 nhiém.

Nong d6 cia DDT (mg/kg™)

Nudéc ho A 0,02
Phii du 3,0
Ca khong an
thit 40 - 100 (mH. ma)
C4 an thit 80 — 2500 (md md)
Chim an 1600 (md md)
ca

Hinh 6.9. Minh hoa mot diy chuyén thuc pham di€n hinh.

141

Ll o A ks ane s e s sl fpe R
R A WHHWL IR EVIERSPDRL.edil. VR




6.4.6. Phan huy

Mdt hop chi't héa hoc ¢6 khuynh hudng chuyén vio sinh vat bdi nhitng con dudng
da trinh bay & trén, n6 sé& tao nén sy tap trung ndng d6 bén trong co thé sinh vat
néu nhu hop chit d6 nhanh chéng dugc chuyén héa. Cac hdp chit sé bi phan huy
cho d&n khi phan tf tao ra tan dugc trong nuéc va bi dao thdi ra ngoai. Po tan cé
thé dat dugc bdi phan ti dude gidn nhém phan cuc hoic c6 khdi lugng phan i rat
thap.

T&c dd chuyén héa phu thudc rat 16n vao cau tric cda phin tit. Cdc hgp chat hitu
cd chua clo (Cl) rat khé bi chuyén héa va ton du rat 1au & bén trong cd thé sinh vat.

Vi du, Su chuyén héa hop chit p.p’-DDT trong cd thé sinh vat xdy ra theo hai

giai doan (Hinh 6.10). Giai doan thit nhat xdy ra rdt nhanh va chi mat vai ngay la
két thiic. Trong khi d6 & giai doan chuyén héa thi hai thi vo ciing chim, c¢6 thé mat
vai thdng trong mdt s6 loai. Mot trong nhitng hgp chat ddng phin o, p’ —isomer clia
DDT dudc chuyénthéa rat nhanh nhu hdp chit op’-DDT (Hinh 6.11 ), hop chat
nay khong bi tich liiy trong co thé sinh vat.

I
— g O
s

PBDT

Nhanh l

— i

CCl,
. -DDE

Cham l
H
< > | < >
Cl (I: Cl1
CO-H
e -DDA

Do tan trong nudc tang 1&én bdi sy c6 mat
ctia nhém - CO.H

Hinh 6.10 Su chuyén héa ciia p,p’-DDT

T Ao ;I SR, Y g | IR | e T2 ik wtd T ETA
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|
(I‘ OH
C

b tan trong nudc ting 1€n
bdi sy ¢6 mat nhém - OH

Hinh 6.11. Chuyén héa ctia o.p’-DDT

6.4.7. Di chuy€n va tip-trung lai cac ion kim loai

Khong giéng nhu cdc hgp¢hi't hitu co khi di chuyén trong moi trudng bi phan huy
thanh nhitng sdn phdm c6 tinh €ha't vat 1y va héa hoc gian gidng nhu hgp chit ban
dau, cdc ion kim loai tao ra nhirng:sin phéfm rat khdac nhau. Céc ion kim loai clia
diy kim loai chuyén ti€p dugc quandam nhiéu nhit do ching dudc st dung mot
lugng khdng 16 trong cdc nganh cong nshiép, dic biét 1a mot sd kim loai ning (Pb,
Cd va Hg) 1a nhitng kim loai c6 hé s& tichdiiy sinh hoc 1én trong sinh vat bién va
c6 dd doc rat cao, khong gidng nhu cdc kim loai khic trong diy chuyén ti€p, cic
kim loai Pb, Cd va Hg hoan toan khdong c6 chitc nang sinh hoc.

6.4.8. Su hoa tan

Céc kim loai di vao méi trudng thudng & dudi dang khong tan & trong nuGe thai
cong nghiép. Su ling dong tir khi quyén thong thudng 12 dang mudi khdng tan. Tuy
nhién, do tan ctia kim loai ting l1&én khi gidm pH, Mua axit d3 1Am ting nong do ion
kim loai bing cdch hoa tan kim loai ning tir dat.

Céc tic nhin tao phifc ton tai trong tu nhién nhu chat tdy rira, axit humic, axit
fulvic ciing 1am cho sy hoa tan ctia kim loai ting 1én, mdt s& vi sinh vat c6 thé tiét
ra cdc hgp chat cé thé hoa tan kim loai.

6.4.9. Ling dong trong tram tich
Ling dong kim loai trong trim tich x4y ra khi ting pH, khodng pH d€ ion kim
loai k&t tia thay ddi d6i véi mdi ion kim loai. Trong qud trinh ling dong s& kém
theo hap phu, hap thu hoic déng két thia din tSi tram tich dugc 1am gidu kim loai.
Céc ion kim loai ciing tuong tic v6i tram tich theo mot s6 ¢d ché phdn ng nhu sau:
e HAp phu va hdp thu
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e Trao ddiion (cic khodng sét 1a chat trao ddi ion tu nhién)
e Tao phtic bén trong trim tich

Thay d6i ban chat oxi héa khit cia nudc (thé oxi héa khir) c6 thé din d&€n lam tan
hoic ling dong cic ion kim loai. Hiu hét cdc ion kim loai chuyén ti€p cé thé ton
tai cdc trang thdi oxi héa khic nhau trong dung dich (vi du ion sit c6 thé ton tai hai
trang thai oxi héa Fe** va Fe’*). S4t ton tai trong nudc c6 tinh axit nhe va ion Fe**
chi€m tu thé&. Trong diéu kién oxi héa kiém, sit bi oxi héa va k&t tda nhu 1a
Fe(OH);. O diéu kién kht, tat cd céc ion chda luu huynh (nhv 12 SO,4”) bi kht
thanh S*, khi d6 s& lam Iing dong ion Pb*" va Cd** & dang sunfit khong tan. Cdc
dang héa hoc clia kim loai tdn tai trong mdi trudng dnh huéng d&€n phan bd, di
chuyén va doc td clia kim loai. Quan hé tdn tai giita cic thinh phin clia nguyén t&
héa hoc va qué trinh truyén khdi dude mo ta trong Hinh 6.12.

Dang chat “ Qud trinh truyén khoi
. 2 \
CAC PHUC
(dang hoa tany .
Khuyéch tin
—»> Chuyén d6i
trong dd
Tu do
( dang hydrat)
/ /
Bi l}ffp thu . R Cédc hatvan
(bao gom hap thu | (déng) két tda L »  chuyén va khué&ch
sinh hoc) tdn
J

Hinh 6.12. M6i quan hé giita cdc chd't clia nguyén t8 héa hoc
va qud trinh truyén khdi

6.4.10. HAp thu bdi sinh vat

Chudi day chuyén thuc phim 13 mot con dudng cho kim loai thim nhip vao cd
thé sinh vat. Nhiéu kim loai giit lai trong sinh vat nhu 13 cdc ion don gidn. Cdc kim
loai khdc dic biét 1a cadmi va thuy ngan c6 thé chuyén thanh hgp chit cd kim. Cic
hdp chit co kim cé dic tinh gin gidng nhu cdc hop chat hitu co cong héa tri va rit
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thich hgp dé dugc tich lily trong md md. Phan b3 clia kim loai bén trong sinh vat rat
phu thudc vao kim loai riéng biét. Bdng 6.3 c6 thé thdy su khdc biét vé phian b
ctia chi va cadmi trong con s0.

Bing 6.3. Nong d6 nguyén td vét trong cic cd quan riéng biét clia so bién

Miu Phin trim co thé Nong dd ( mg/kg)
Pb Cd

Vo so
Rudt 10 52 <20
T€& bao md 17 8 2000
Rubt 1 28 <20
Thin 1 137 <20
B6 phan sinh duc 20 78 <20
Tram tich - <5 <20
Nudc bién ( mg/l) : 3 0,11
6.4.11. Mxic an toan

Thi nghiém vé dd doc dugc ti€n hanh trén nhiéu hdp chit cé thé giy ra nhitng
van dé cho moi trudng. N6i chung, phan {én nhitng thi nghiém ti€n hanh chi trong
thSi gian ngin, diéu kién chiu liéu nguy hi¢m.cao (liéu hoic ndng d chat 6 nhiém
c6 thé gay phan trim chét cho sinh vat thi nghi&m). Thong thudng don vi liéu LDs,
dudc st dung d€ nghién cttu cdc chit 6 nhiém doc hai (LDsg 1a liéu gay chét 50%
clia miu sinh vat). Tuy nhién, cdc thi nghiém do6i khi kKhong ddp tng ding vé6i dicu
kién & ngodi moi trudng, & d6 sinh vat bi chiu liéu vdi fiong do thap va mot thdi
gian dai. Anh hudng cla chit 6 nhiém c6 thé khong gdy chét nhung lam gidm toc
dd phat trién hodc lam ting ty 1& dot bi€n theo chiéu huéng x4u sau nhiéu thé hé .

Quan tric cdc 4nh hudng 1au dai khong dé dang mot chiit nao & bén ngoai phong
thi nghiém va rat phifc tap vi sy hién dién clia cdc chit 6 nhiém khéc hoic cdc dicu
ki€n khac khong thé ki€m soat dudc.

Hiéu ng cda hai hoic nhiéu chit 6 nhiém c6 thé 16n hon hoic nhd hon mot chat
0 nhiém riéng biét. Vi du, dnh hudng clia sunfua dioxit (SO,) va cdc hat bui trong
mdt s dang suong mi 16n hon dnh hudng riéng biét clia hai thinh phin nay. Pdc
t6 clia amoniac trong nuéc gidm xudng v6i sy gidm pH va ting 1&én khi ndng d6 ion
hidro ting. Ion NH, ton tai trong mdi trudng nudc chi€m tu thé trong diéu kién axit
va it doc hon phan tf khdng mang proton (NH3) chi chi€m tu thé trong diéu kién
baza.
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Chuong 7
AP DUNG PHUONG PHAP HOA LY TRONG CONG NGHE
XU LY MOI TRUONG NUGC

7.1. PHUONG PHAP SA LANG
Sa ling dudc dinh nghia 1a sy tdch 16ng — rdn bing cdch s dung ling trong luc
dé lam sach chdt rin 10 Idng. Trong x& 1y nudc, qud trinh sa ling dudc s dung:

Kiéu I: Ling cdc phan t& phan tin khong tao bong trong thé vin loing. Piéu nay
c6 thé ndy sinh do vi sy ling don gidn nudc bé mit trude khi xi 1y bing loc cat.

Kiéu II: Ling cic phan tif tao bong trong thé van loing. Ki€u nay dudc sit dung sau
khi dong tu va tao hong.

Ciéc ki€u khidc dugc xay.dung 1a sy két hop cta ki€u I va kiéu IL.

7.1.1. Lang dong cac phan & phan tan — Ki€u I

C6 hai ki€u bé ling: b€ hinh ¢hir nhit va bé hinh tron. BE hinh chit nhat nhu
trong Hinh 7.1a, 7.1b; 7.2a, 7.2b. Kich.thuSc b€ hinh chit nhat c6 ty 1& giita chiéu
dai va chiéu rong khodng biing 2 va ¢4 @ sdu theo trinh tv 13 1,5 — 6 m. Gi€ng dé
14y bun ra ngoai dit & ddy ngudc dong nude.ya bun duge 14y ra ngoai nhd mot ban
gat di dong.

Céc tham s6 chinh va cdc gid tri di€n hinh trongthi&t k& bé ling 1a:

e To&c do dong chdy bé mit sap xi 20 — 35 m*/nga i m’
e Thdi gian luu tor 2-8 gid
e Dong chiy qua dap 150 — 300 m® /ngay/m*

Cac gia tri trén co thé thay doi phu thudc vao hodc l1a nuée da xi& 1y hodc la nude
thd dé in udng hoic di ngung tu nudc thé. Cic bé ling tuong tu dugc st dung
trong X&' 1y nuGc thai.

Trong ki€u sa ling I, cdc phan tif ling doc 14p va né dudc gia thi€t ring khong c6
su tao bong hoidc ngung tu gifta ciac phan ti.
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Kénh gat mang bot

Ban gat

Dong vao Dong ra

l

Hop vdng, bot

(a)

Maidng bot

Ban gat/ bot DA_/
>

N ~ ~
Dong vao Dong ra

P

Cdi gat brin

LAy bun ra ngoai

(D)

Hing 7.1. So dd bé 1ing hinh chit nhat
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Kénh chay

Nuéc vao

Gi€ng vao trung tim

(a)

Thai

o Gat bun

Giéng chita dong chdy vao

— \ LAy bun ra ngoai

Hinh 7.2 . SJ d6 bé 14ng hinh tron

Nuéc vao
(b)

Phan tit s& gia toc ling xudng dudi theo chiéu thing ditng cho dén khi luc kéo F),
tuong dugng vdi luc ddy F;, cdc phan t¥ 1ing v6i van téc khong ddi tuan theo dinh
luat tdc do Stoke, V.
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Luc day :
Fo+ (s —7wVq (7.1)

trong do
7, = mat do khoi lugng clia cac hatrin p,g
¥%,= mat do khdi lugng clia nudc p,g
V,, = thé tich cia hat

Luc kéo:
V2
Fo = CDASP\N(?SJ (7.2)
trong do:
Cp = hé s6 kéo ~ 0,4 ddi v6i hinh cAu

C, = \2/;4; cho dang chdy thanh 16p d6i véi Re < 100

A, = toc do ling Stoke
v=d0 nh6t dOong hoc = i/ p

Khi can bing F, = F,

s 247 V.2
- 2% = 2 Xh2 s
(7s 7W)6 vid 4 va( ]

Gidi ra ta dugc: Vg = L(SP ~1)d®
18y

trong d6: Sp = trong lugng riéng clia cdc phan ¥
hodc: Vo= 2—(ps—p)d®  (7.3)
18u

Pay 1a dinh luat Stoke ddi véi toc dd ling clia cdc phan tf phin tdn va 4p dung

cho Re < 0,5. Mot bé dé ling dong sd bd nuGc thd c6 nhitng dic tinh nhu sau:

1. Ap dung sa ling kiéu I

2. Dong chdy vao va ra ddng nhat

3. C6 ba viing bén trong bé

a,vung vao

b,vung ra

c,vung bun.

o (RS DET Com 4l LA g A ey yor
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Tricomg BH Sw pham K7 thudr TP. HCM
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4. Phan bd cdc phan tir ddng nha't trong toan bo bé.
5. Cdc phan tff trén dudng vao ving bun, § lai diy cho dén khi gat khdi ddy.
B¢ ling dong sd bd nuGc thé dugc minh hoa trong Hinh 7.3:
DPoi vdi bé tron:

Thoi gian luu gitr ¢ _H_
VS

L
v

OQin —t—p

Vung vao

Ving bun
V = Toc d6 nim ngang 5 V,=Tdc do ling Stoke W =dd rong
L = Chiéu dai bé *H =chiéu cao b€ — 6 x4 bun
Hinh 7.3. Mit chi€u ctia bé ling ki€u I
Chiy:L>2Wva L>>H
A an Q
To6c do ngan V=—
) ngang WH
fo WHL _V,
Q Q
Do vay: Vo _H
Q Vs
Lo QQ gy
Lw A
Ap = dién tich phing
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Do vay, téc dd ling Vs cAn bing véi tdc do tran bé mit d6i v6i bé hinh chit nhat,
ciing ding véi bé hinh tron.

Van dé con lai 1a ¢6 bao nhiéu phan trim cdc phan t& phin tin dugc 13y di. Tur
Hinh 6.3 c6 thé thdy ring mot phan ti¥ trong bé § di€m a, néu ling § V,, sau dé rdi
khdi b€ & diém e. Mot cich tuong ty, mot phin t¥ di vao bé & di€m b, ling & V, rdi
khéi bé & di€m f. V;>Vy. Phin trim cdc phin tif ( ling vdi V,) dugc 14y ra :

_b-c_ (ML V,

a-c (Vo/V)L Vg (7.5)

xl

Chi ¥ ring mot phan t& di vio & diém a (I6n hon phan ti cda phan trudc), néu
nhu ling & Vs , s& & trong bé & diém f, nhu vAy tit ci cdc phin tif v6i toc do ling
16n hon Vg s& ling & ngoai.

Do vay, néu nhu todn bd cdc phan tif c6 cung mot kich thuéc (tat cd di vao &
di€m a) va ling & Vs thitheo 1y thuyét sé dugc 1am sach 100%. Tuy nhién, nudc
thudng chita cdc phan t cé’kich thudc trong mot khodng rat rong va su thi€t k&
thich hop cta bé ling ddi héi phii phan tich sy phan bd kich thudc cdc hat trong
cOt.

Mot céch dic trung, sy phan bd tichilily cia tdc do ling cdc hat dudc tinh cho
maiu nu6c. Trong mot bé 1ing bat ky, tdt.cAd cdc phan ti vdi toc do ling > Vi s&
cong v6i phan déng gép nhu 1a phan khong Bict clia cdc phan t& nhd hon véi tdc do
ling < Vs. Téng cdc phan doan ling la:

XSV
X, = (1-Xg)+ !V—dx

S

Khi (/-Xs) 12 phan clia cdc phan tif s& ling vé6i tdc do 1ing 16n hon Vi va

X
3 V A 9 2 A 2 ~ 9 . 2yt oA A 2
I V—dx = phan cua cdc phan tu dudc tdch khoi véi tdoc do nho hon V.
0 'S

Phuong trinh sa 1ing phin tdn sé& 1a:

X, =@1- xs)+ViZVAx (7.6)
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Vidu:7.1

Mot bé ldng kiéu I xit Iy 36400 m’/ngay nubc thd, véi téc do tran bé mdt la 12
m’/ngay / m* va thoi gian luu 6 gio. Néu phdn b kich thude hat cho trong bing dudi
day, xdc dinh toan bo dugc lam sach khi trong luc bang 1,15.

Kich thuoc 0,1 0,08 0,07 0,06 0,04 0,02 0,01
hat, mm

Phan tram 10 15 35 65 90 98 100
phan kho'

luong

Vs, mm/s 0,81 0,52 0,40 0,30 0,13 0,03 0,008
R, 0,08 0,042 0,028 0,018 0,005 | 0,0006 | 0,00008
Gidi:

Yéu cdu dién tich bé mdt = Q7 tdc do tran

36400
< =3033m°
A 12

L =W =55 = 60x60
Do sdu H = Vgt

Tuy nhién téc do ldng cdn bang vdi téc dé tran bé mdr. (SOR)

SOR thuc = 36400/ (60 x 60) = 10,1
Dovay: H=10,1x6/24 =2.57 m
H=26m

Kiém tra téc do tran dip (WOR)

WOR = g
W

= 36400/60
= 606 m’/ngay/m

Trong pham vi WOR < 300 m’ / ngay /m , do rong nén déng lai 120 m
TacoV,=Vd/V.V=donhotdong hoc

7 (N DT Cor mbhams Ko ibasd TE ET
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Téc dob ldang tix dinh ludt Stoke vdi cdc hat c¢6 trong luong riéng bdang 1,5 la

g >
V. =—2(p.—p,)d
s 18”(/05 Puw)

981
18x1,002x 10"

-(115-1,0)d? = 81,6d”

Khi Re << 0,5, dp dung dinh ludt Stoke. Tdt cd cdc hat sé dugc tdach khéi cé toc do
ldng 16n hon téc dé tran bé mdt (SOR) (céng vdi cdc phdn doan khdc) :

SOR = 10,1 m’/ngay / m’
= 10,1 m/ngay
= 0,12 mm/s
C6 thé thdy rang kon 90% cdc phan tit ( phan khoi luong ) hodc l6n hon khodng
0,04 mm duoc loai bo,

7.1.2. Sa ling cac phan tttao bong — ki€u IT

Sa ling kiéu II 12 sa ling nhom cdc hat tao bong. Cdc hat tao bdng 1a cdc hat
dugc sy giip dG clia tdc nhan hodhoc dé€ t6i v6i nhau va tao ra mdt hat cé kich
thuGc 16n hon. Pong tu 1a qud trinh thi# nhat khi thém tdc nhidn héa hoc dong tu lam
thay d6i dién tich ciia cdc hat va sau do tap hop lai. Keo tu 1a qud trinh thd hai thu
nhan hdn hgp dong tu d€ tao thanh bong 154, Trong khi cdc hat sa ling, ching ciing
dong tu va ting vé kich thu6c va khdi lugng trong qud trinh sa ling. Hién tugng
ndy x4y ra trong sa ling cla xt Iy nuc udng va‘nudc thdi bing k§ thuat dong tu.
Vi kich thuéc va khdi lugng ting 1én v6i chiéu siu, qud trinh sa ling kha phic tap
nén sé khong thé€ phan tich tryc ti€p nhu trong trudng hop bé ki€u 1. PE xdc dinh
toc do sa ling, cdc thi nghiém trong phong thi nghiém dugc ti€n hanh bing phuong
phdp cot. Cot thi nghiém mé ra cidc di€m khac nhau, § d6 miu dudc 14y ra theo
khodng thdi gian nhit dinh va ndong dd chat rin 16 ling dugc xdc dinh. Cot c6
dudng kinh 100 — 200 mm c6 chiéu cao cin bing vdi chiéu cao ciia bé (1-3 m).
Cot dudc rét diy miu da dude tron déu biét trude ham lugng tdng chit rin, ndng
dd chat rin ban diu ton tai cho toan bo do sau. P& 14y mau trong qud trinh sa ling,
phin trim tich (chat rin) dudc tinh todn va vé& dd thi bi€u dién phan trim sa ling
theo chi€u siu cda cot v6i cac dudng cong 1am sach theo phan trim tuong duong,
RA, RB, c6 thé dp dung m&i lién hé clia toc do tran (cAn biing véi toc d6 ling) 1a:

Vg = H, hé sé ting cuong (7.7)
X
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7.2. PHUONG PHAP PONG TU

Nudc tho sau khi chin loc, c6 cdc tap chdt ban trong hat 10 Irng va trong dung
dich, cdc vat chit tao hat 16 ltng c6 kich thudc trong khodng 107" — 10~ mm. Céc
hat keo sét vo cd c6 kich thudc trong khodng tir 10° d€n 10° mm va tao thanh cdu
tt chifm wu th€ clia sy tao thanh cdc phan tu 16 Itng. Céc ciu ti nhd la cdc keo
hitu cd hoic cdc vi sinh vat, bdi vi ching c6 kich thugc rat nhd, c6 tdc do sa ling
khong dang k€. Mot trong nhitng nhiém vu ctia x@ 1y nudc 12 ddy nhanh sy sa ling
cla cdc chat 1o Itng. Su sa ling clia cdc phan t& xdy ra khi tdc do sa ling cda
ching di gy ra sa ling trong mot thdi gian ngin.

Qu4 trinh dong tu st dung cdc tdc nhan hda hoc dong tu da biét (mudi cla sit va
nhdm) dé ting toc sy tich tu cdc hat. Tru6c khi nhan bi€t chi't dong tu 1y tudng, tinh
chd't dic biét clia cdc hat 10 Ittng phdi dugc nhan dang. D6 1a: phan loai va dién
tich. Phin loai 13 xd¢ dinh xem c6 hay khong cdc hat 10 lting c6 4i luc d€ hap phu
nudc. Cdc hat c6 4i lwe d€ hap phu nudc 13 hat wa nudc, ciac hat khong hip phu
nudc 12 hat ky nu6c. Hanhét cdc hat 10 Iitng mang dién tich 4m. Piéu ndy c6 nghia
12 chiing ddy 14n nhau va 106a & trang thdi 16 lirng. Cédc phan ti¥ giit & trang thdi 1o
lting dugc goi 1a hat bén. NEu'phu dién tich tinh dién clia chiing c6 thé thay ddi,
chiing s&é mat bén va hip din 1An nhau, tip trung lai va sa ling.

Céc chdt dong tu héa hoc (nhdm sunfat, sit sunfat) dugc thém vao nuéc thd va
ti€n hanh tron nhanh. Piéu nay dugc ti€n hanh trong bé dugc thiét k& ¢ thé thay
ddi véi muc dich tao ra bong tu nhd, sau dé 12 hily dd bén cla cdc hat 16 litng ban
dau, ti€p theo 12 ndi c4c hat v6i nhau bdi cdc cau noi,

Trude hét phdi tao ra vi hat bong (bdn than bong nay chia ¢6 khd ning sa ling).
Tiép theo 1a tao ra bong di 16n d€ sa ling dudi tic dung cia trong lyc. Qud trinh
ti€p theo 1a dua “dung dich bong” t6i mot quy trinh tao bong chdm. Qud trinh nay
x4y ra trong b€ trong khodng thdi gian tir 20 — 60 phiit véi tdc do rung dong rat
thap. N&u nhu trdn hdn hdp tao bong bing dong cd s& qua nhanh va giy pha v& vi
hat bong ban dau. Néu nhu sy gia ting tao vi hat bong khong dugc ddm bio bdi
mdt tic nhan dong tu héa hoc, c6 thé cho thém chit trg dong tu nhu di biét 1a cic
chat da dién li.

Luong chit dong tu héa hoc va hoidc chit trg dong tu cAn cho chit lugng nudc
riéng biét cé thé xdc dinh bing cich st dung phudng phdp jar test dua ra trong
Hinh 7.4. Jar test 12 mot thi€t bi ki€m tra don gidn dugc lam biing mot sd coc thuy
tinh 1 lit v6i mAu 1a nudc thd. Cho vao mdi coc mdt lugng chi't dong tu khdc nhau
va ting din vdi sy tron nhanh ti€p theo tir 20 — 60 gidy. Cho phép cic coc ditng
yén dé€ sa ling va chon miu vdi cdc dic trung sa ling t6t nhat d€ dong tu. Néu nhu
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su sa ling hodc vi hat bong sinh ra khong di thi dong tu cé thé dugc trg gitp vdi
chat da dién li (8 cdc liéu khdc nhau). Sau mot loat thi nghiém, ¢ thé x4c dinh sy
k&t hop liéu tdt nhat clda chit dong tu va trg dong tu d€ ddy manh su phat trién

kich thu6c t8i wu cia bong .

Chi thi toc dd
Truyén chuyén dong

[+ 3 27 4

7
O
®

X

! |C

D I
LI

[
L
m
L [l

Diéu chinh t6c @  Coc thimghiém Cénh khudy

Hinh 7.4. THiét bi Jar test

7.2.1. Chat dong tu
e Nhom sunfat ( alum)

e Sit sunfat ( ferric)
e Sitclorua

Khi cho nhém sunfat vao trong nudc thd, phdn ng x4y ra:

Aly(SOy);5 . 14H,0 + 3Ca(HCO3), — 2AI(OH); + 3Ca(SO,) + 14H,0 + 6CO,

K&t thia dang bong dugc tao thanh 12 nhom hydroxit. Tuy nhién néu nhu khong dd
dd kiém trong nudc, c6 thé cho vdi. Phdn tng x4y ra nhu sau:

AL(SO 4);. 14H,0 + 3Ca(OH), —  2AI(OH);3 + 3Ca(SO 4) +14H,0

Vung pH t3i uu d€ tao thanh bong nhom hydroxit 1 4,8 d&€n 7,8. Trong viing pH

nay bong khong tan.
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C4c chat trg dong tu dugc st dung:
e Dadiénli
e Voi
e Hiéu chinh pH: voi, axit H,SO,

Cha't da dién li 12 chi't héa hoc hitu co tdng hdp mach dai (SOC) dudc st dung dé
t6i wu hod su ngung tu. C6 thé 1a cdc hdp chit cation, anion hoic da cuc. Pham vi
liéu st dung tir 0,05 — 0,5 mg/l. Li€u t&i wu clia chat dong tu cong v4i chat trg dong
tu (bao gém liéu hiéu chinh pH) c6 dé€ xdc dinh bing jar test.

Bdng 7.1 dua ra qud trinh chon loc chat dong tu / trg ddong tu x& 1y nu6c vdi cac
mutc khdc nhau vé do duc va @6 ki€m. Nudc c6 d6 ki€ém va do duc cao 12 nudc dé
Xt 1y vi dd c6 sin bong. Nudc c¢6 dd duc cao va dd kiém thap phdi bd xung voi vao
dé ting d6 kiém va t8i wu sy dong tu. Nudc c6 d6 duc va do kiém thap s& khé xi
ly, doi héi phai hiéw chinh d6 kiém va liéu st dung cao cdc chit da dién li c6 khdi
lugng phan t 16n. Th&m phén nhdm s€ lam giam pH cia nudce.

Bdng 7.1. Chat dong ti v trg dong tu st dung cho xit 1y do duc

Loai Pac tinh nuéc Phen nhom Sit sunfat Pa dién cuc
nudc
A b0 duc cao > NTU Hiéu qua Hiéu qtia néu Khong cin
Po kiém cao > 250 mg/l néu pH pH tir 5-7
HCO53 twr 5-7
( dé xt 1y)
B b6 duc cao Hiéu qua Hiéu qiané€u | Khong can
b6 kiém thap néupHtr | pHtr5-7
<50 mg /1 HCO5 5-7 + voi
+ vOi
C b6 duc thap Chit da Chatda diénli | Can thiét
b6 kiém cao dién li Can trg gidp
Can trg
gidp
D Do duc thip < 1 NTU Chicé thé | Chicé thé véi | Cin thiét
D6 kiém thap < 50 mg /1 | khi sit dung | voi va chit da
HCO5 vOi va chat | diénli
(kh6 xtr 1y) trg dong tu
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Vidu7.2.

Xdc dinh lugng phen nhom, voi va chdt trg dong tu cdn thiét sit dung hang ngay
dé doéng tu dong chdy 200 I/ s. néu nhu jar test cho biét sw dong tu t07 wu xdy ra
trong 1 lit nudc sut dung 3 ml ciia dung dich phen nhom 10 g/l ; 1,8 ml ciia dung dich
huyén phit voi 5 g/l va 0,2 mg/l ciia chdt da dién li.

Gidi:

Téc do chdy hang ngay: 200 x 60 x 60 x 24 = 17,28 x 10 ° lit

Lutgng phén nhom cdn thiét: 3 ml ciia 10 g/l = 30 mg /l x 17,28 . 10° | = 518,4
kg/ngay.

Luong voi can thiét: 1,8 ml ciia 5 g/l = 9mg /1x 17,28 10°1= 1555 kg / ngay

Luong chdt da dién li cdn thiét = 0,2 mg x 17,28 .10° [ = 3,46 kg/ngay

Ha tang cho tao béng ya dong tu
Co sd ha tAng clia nha tady x& Iy nudc yéu cau dé€ tao bong dong tu bao gdm:

e BO phan tron nhanh va do liéu chat dong tu.
e BO phan do liéu va bé chuitbi chat da dién li.
e B& tao bong.

Bo phén trén nhanh chdt déng tu: céc cAu hinh ki€u bé hoic ki€u dng dudc sit dung
dé€ bom chit dong tu va quy trinh tron nhanh trong thdi gian ngin tir 20 — 60 giy.
Moi trudng dich chuyén cao c¢6 thé 1a nhdy thiy lrc, phun phan luc, trdn cénh
quat, tron biing cdch khudy hoic k&t hgp

B6 phdn tron chdt da dién li: chat da dién li dudc chuin bi trong bé tron d€ dat
dudc ndng @6 thich hgp, sau d6 dudc thém vao trong qua trinh x 1y & khodng cdch
ngin phia dudi dong chdy ctia bd phan tron nhanh chat dong tu.

Bé tao béng: rrudc khi di dén giai doan nay nudc dang dugc dong tu va cdc vi hat
bong dudc tao thanh. Muc dich cia qua trinh nay la cho cdc vi hat bong tap trung
lai va tao ra bong 16n. Thdi gian Ivu khodng tir 20 — 60 phit gap 50 1an 16n hon thdi
gian tron trong bé tao bdng va lic nhe dé cii thién sy ddng déu ctia hdn hdp. Qui
trinh tron trong bé tao bong khong dugc nhanh vi dé pha v cdc vi hat bong. BE
dong tu dugc ti€u chuidn héa theo mot trong hai ki€u, hoic 1a ki€u dong chay doc
(thuy luc) hodc dong chay ngang ( ¢c6 hoc) Hinh 7.5.
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(a) Kiéu dong chdy doc (b) Ki€u dong chdy ngang
Hinh 7.5. B€ tao bong.
Vidu73

Xdc dinh kich thudc bé ciia bé tao bang dong chdy doc dong nhdt ve dj sdu dé xit
Iy 36400 m’/ngay. Thoi gian luu la 50 phiit. Gid sit do rong ciia bé la 25 m chia
thanh 5 ngdn bang nhau bdng tuong bé tons:

Thé tich b€ V = 36400 x@ =1264m°
24 60

Dién tich phdn chiéu dai ciia bé A = % = 50,5m°

Chiéu dai x dé sau = 50,5 m*

Cdc 6 trong bé c6 tiét dién tuong dwong nhdu: 5m x5 m ( dé sdu = 5 m)
Do vay chiéu dai bé = £5'5 =101m

Kich thudc bé = chiéu dai x chiéu rong xdé sdu = 10,1m x5 m x 5m

Vidu 7.4

Mot nha mdy xit Iy nude bao gom cdc don vi sau ddy: dong tu, tao bong, sa ldng ,
loc va khit trung. Nong do chdt rdn lo liing ciia nudc chua xit Iy bang 500 mg/l. Nha
mdy xit 1y 36400 m’/ngay. Phén nhom [Al(SOy);. 14H,0] sit dung lam chdt dong tu
vdi lieu sit dung la 50 mg/l. Tinh lugng bin rdn tao ra hang ngay néu nhu phdn ving
hoan toan ciia phen nhém thanh nhém hydroxit xdy ra va 98 % tong chdt rdn dugc
tdach khéi nuéc bing sa ldng va loc.
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Phén nhom

_ 3 Nha mdy xt 1y nudc

0=0,42m/s > | .
0=042m’/s

Nudc thd Nudgc xt 1y

C; =500 mg/l Co =0,02
Bun CI=10mg/1

(0] Cs
Gidi:

Can bang vt chdt doi véi chdt rdn lo litng:
Tich liy = Pau vao— Pdura + Sinh ra trong hé —Tiéu thu trong hé
0 = Dduvio— Pdura + 0 - 0

Do vdy: Pdu vao = Pdu ra
QC; = QC, + qC;
QC,=Q(C;-C,) = 0,42 x 490 x ]03mg/s =206 g/s
Can bdng vat chdt ty luong ciia phén nhom
Al(SO 4). 14H,0 + ? — 2A(OH); + ? + ?
Trong luong phan tit 594 g/mol + ? — 56g/mol + 7 + ?
Nghia la 594 g phen nhom cho 156 g nhém hydroxit (“biin).
1 g phen nhém cho 0,26 g bun.
sit dung 50 mg / | phén nhém = 50 x 10° mg/m’
=50x 107 x 0,42 mg/s = 21 g/s
21 g/s phén nhom — 21 x 0,26 g/s ciia bun = 5,46 g/s

Do viy:
Téng chdt rdn = lugng chdt lo litng I&y di + bun hidroxit nhom

=206 g/s + 5,46 g/s

=211,5g/s

= 18274 kg/ngay

Tong bun rdn = 18,3 tdn ngay.

Co sé ha tang d€ déng rin ddi v6i cac phan tii tao bong

Sy déng ridn clia cdc phan i tao bong (sa ling hodc 1am trong) tao ra mot lugng
blin trong qué trinh dong tu. P& 14y buin ra ngoai, c6 hai phudng phap chi y&u dua
ra trong Hinh 7.6a, 7.6b vaHinh 7.7. Cé thé tich riéng hai bé tao bong va sa ling
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v6i nhau hodc chi st dung mot bé cho ca hai muc dich. Trong trudng hgp tich riéng
biét hai qué trinh dong tu / sa ling, bé tao bong chdy mot cdch binh thudng vao bé
sa 1ing va do vay hai bé thudng c6 ciing d6 rong (chi d6i v6i bé hinh chit nhat)

Thiét bi lam sach 16p bun dong chdy bén trén

Nudc di vao bé & phia ddy dugc phadn bd qua mdt loat dudng 6ng duc 16 nim
gdn § ddy. Can thi€t phdi rung dong d€ tao ra bong cé hiéu qua bing cich tao
dong xody giy bdi dong nudc chdy phia dudi trg gitip trong trudng hop ddy bé bing
bdi mot thi€t bi dudc thi€t k& dic biét d€ tao ra diéu kién dong chdy bat thudng.
Dong nudc dong tu phia trén chdy qua viing bun 10 liing d€ c6 thé ti€p xiic thém va
tu tip cac phan t¥ bong. LSp trén cling clia viing nay dudc ki€m sodt bdi mot ving
tinh tao ra gradien mat d6 gy cho bun chdy theo huéng vao trung tim tip trung
biin c6 dang hinh nén. Buin dugc rit ra mot cich déu din dé ddm bao 16p bun dugc
duy tri & mat do thich hdp va 16p bun tao ra c6 do day toi uu, bing cach nhu vay sé&
giam dugc lugng nude’thdi. Khi dung cu lam sach bun lam viéc t6i mot nang luc
hodc vugt qua kha ning ¢ila nd, mic trén cung clia 16p blun ¢6 kha nidng bi ning
1én va mot it nuSc vdi bons©o thé bi gat theo nude sach. Piéu nay cuc ky khong
thich hgp khi bong chita AI(Ofl);. Nha mdy vudt qua cong suit thudng gip phdi
van dé nay.

T6c dd sa ling cda cdc phan i :

g 2
V, =2 (p, - i
5= 18, (e = 20
To6c do dong chdy vao phia trén :
-
A
trong d6: Q = td¢ do dong chdy vao
va Ap = dién tich mit phing
Trong gidi han :
VS = V]
vay :
.o
A

Céc phan tit s& dugc lam sach chi khi néu tdc do sa ling vugt qua tdc do dong
chay.

160 Thue vign Trieong BH Sw pham Ky thudt TP.HM

hitp:ymmww. thuvienspkt.edi. va




B0 phan tron R B& tao bong |,
nhanh

~ <
Bé sa lang IS

*

Cho dongtu  Cho chit da dién li

(a)
Nudc tho
m——=p>| Bo phin trén |femmp | B& tao bong va déng Loc
nhanh can .
T T
i |
i |
i |
Thém dong tu Thém chat da dién li
(b)

Hinh 7.6. S¢ @6 xtt Iy nu6c (a): My , (b): Anh

Kénh gan nitdc sach

N N O '
L I L L

Nuéc sachT T

...............................................................

A- 181 vao

B- 16p bun

C- vung 14y bun

Vs - tdc¢ do sa ling

V, - tdc dd dong chdy bé mit chdy vao

Phin ndi 1-2m

Lép bun 1-2m

Loivao 1-2 m

Hinh 7.7. S0 dd 1am sach 16p bun dong chdy bé mit — ddy bing.
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7.3. PHUONG PHAP LQOC
Loc 12 mot qué trinh cho nuSc qua mdi trudng nhiéu 18 vdi sy mong mudn nudc
loc c6 chat lugng t6t hon dong nudc chdy vao. Moi trudng loc c6 thé 1a cét. Loc
chim bing cit dudc cong nhan vdi sy cdi thién chat lugng thim m§ cla nudc va
ciing 1am sach chat gdy bénh ( phathogens).
C6 nhiéu hé thong loc va dugc phan loai nhu sau:
e Trong luc, 4p sult
e Nhanh, cham hoic loc tdc d6 thay d6i.
e Locbanh hodc loc sau

Loc trong trudng 132 qud trinh nudc di qua phin loc nhd trong luc. Loc dp suit
thudng chita trong binh ma nudc dugc cho qua mdi trudng loc dudi 4p suat. Loc cat
cham thudng chdy vé6i van tdc 0,1 t6i 0,2 m / gid, trong khi loc cdt nhanh tdc do
chdy thuong tir 5- 20 m/ gis. Loc banh la qua trinh loc chdm nhu loc cdt chdm
nhung & ddy banh loc@ude xay dung trén bé miit loc (16p ti€p xtc khong khi/ cat)
va loc qua bé mit bdi hai.co ch€ vatly va sinh hoc. Loc sdu 12 hau hét dd sdu cla
mdi trudng loc hoat dong treng qué trinh loc va chat lugng dich loc dudgce cii thién
theo dd sau (Hinh 7.8).

Toc @6 dit cao nhat -

'

vvvvvvvy | SB1

JATATATATATATATAY
VVVVVVVY

Chiéu cao

Gidm toc do
/ .A/ A ~
Toéc do dat zero
€9999999999%9 SB2

€9999999999%)

\ 4

— Thdi gian Cot ling dong
SB1 - 16p bun dic
SB2 — Ld&p bun loang
Hinh 7.8. Hé thdng loc
7.3.1. Loc cat chim
So dd loc c4t cham dua ra trong Hinh 7.9. Cau tric dién hinh cta loc cdt chAm la
mdt cdi hop hd bing xi ming hinh chit nhat bao gdm:
e L&p nube trén bé miit
e Ldp cat min, & dudi duge d bing mot 16p sdi mong
e Ciu tric 16i vao va 16ira
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CAu triic 161 vao cho phép nuéc chdy trén 16p schmutzdecke ma khong lam hdng
né. Lép nay & trén cung cua 16p cét chita cdc vi sinh vat dang song hodc di chét.
C#u triic 161 vao ciing dugc thi€t k& dé€ rit nudc duc trong qué trinh lam sach, cho
nuSc chdy qua cdt loc v6i thdi gian luu khodng vai gid doi v6i nuée thd. Lép loc
thudng 1a cat min c6 kich thudc tir 0,15 —0,3 mm v&i hé s& dong nhat khong 16n hon
2.

16p schmutzdecke Nudc loc
L6i vao ] LGp cat
T

Hé thong rit nudc
Hinh 7.9. FEoc cat chim

7.3.2. Co ch& loc va van hanh

Lam sach chat ban chd y&u & 16p schmutzdecke, Cd ché loc 1a co ché vat 1y va
sinh hoc. Kich thuéc hat cat t6i uvu khodng 0,2 mm vasnhu vy né giit lai c6 hiéu
qud tit c4 cdc phin tif c6 kich thuéc 16n hon 0,02 mm. T'¢A¢ 1am sach chi't ban phu
thudc vao d6 day cia 16p loc cdc phin tif Cyst ¢6 kich thudc tir 7-12 pm c6 thé 1am
sach 96,8%. Loc cdt cham it thay d6i dudc mau clia nu6c; chi 1am gidm d6 duc giy
bdi cdc hat rat min khodng 25 %. Loc cat chAm thudng van hanh lién tuc khodng tir
2-6 thang. D€ sif dung lai chi can vét 16p bun va bit dau loc lai sau hai ngay.

7.3.3. Loc trong luc nhanh

Loc trong luc nhanh (RGF) dudgc sit dung d€ loc nudc ddng tu héa hoc va tao ra
nudc sinh hoat c6 chat lugng cao. Tach cdc phan tif 10 Ing biing phuong phap vat
ly don gidn, mot s6 hoat ddong sinh hoc phan huy amoni thanh nitrat nhw phdn @ng
ntrat héa:

Nitrosomonas va
NH, + 20, » NO; +2H" +H,0
Vi khuén nitrobacter
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Cd ché€ tach vat rin trong loc 1a sy k€t hdp clia sa ling, sitc cing, dinh chiit va hit
14n nhau. C4c phan tif c6 kich thu6c nhé hon khdng gian khe hd giita cdc hat cét
dudc tdch ra. Hé thong loc van hanh lién tuc khodng tir 2- 6 thing. Lam sach hé
thong loc ¢ thé st dung bing cdch rung co hoc hoic nén khi khi cho dong nuéc
sach chdy tif phia dudi 1én trén bé miit.

Loc trong Iyc nhanh c6 thé c¢6 cdc ki€u mdi trudng loc:
e MOoi trudng don, thuong 1a cdt hodc than anthracit

e Moi truong kép, thudng la cdt va than anthracit
e DPa moi trudng, thudng la cdt, sdi va anthracit
Bdng 7.2 dua ra cdc dic trung moi trudng trong phudng phép loc trong lyc nhanh.

Bédng 7.2. Céac dic tinh cia moi trudng loc trong lu'c nhanh

Ki€umoi | Moi triging | Do sdu | Kich thude | Hé s6 ddng | Toc do loc
trudng (m) hiéu dung nhat (m/h)
(mm)

bon Cat hoac 0,7 0,6 <2 10

antharacit 0 0,7 <2 10
Kép Anthracit va 0,6 1,0 <2
cat 0,15 0,5 <2

Pba Anthracit, 0,5 10 <2 12
catva 0,2 0,5 <2

sOi 0,1 0,2 <2 15

Hinh 7.10a va 7.10 b 1a sd d6 loc trong Iyc nhanh, loc tif trén xudng dudi va rifa tir
du6i 1én trén. Loc dugc thuc hién theo nguyén 1y thiy luc va phuong trinh Darcy —
Weisbach va Rose dudc sit dung d€ thiét k& don vi loc. Toc do rifa ngugc thudng 1a
> 0,3 m/phiit va nhé hon 10Dg, d6i vSi cat va it hon 4,7 Dg, ddi véi than anthracit;
D¢ 12 60 % kich thudc (mm). Toc dd chinh 1 tinh linh dong ctia 16p loc .

Vi= Vixf*

trong d6: V= tdc do6 linh dong t3i thiéu
V, = toc do t6i mdi trudng ria tir 16p loc

f=trang thdi 10.
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|
Dong vao
o by ] e
oo oA Vat liéu tho
Y coo| |
000000 000
6198 o | | cocm
0 > Céat min
Hé thong rit nude sach
(a). Hé thong loc
B 4 y_jMdc nudc ban diu

Y | Mic nuéce ria nguge

Iy i
ﬁg

FOET o R

>

Thdi nude ria
(b) Hé thdng rira ngugc.

Hinh 7.10. M6 hinh loc nhanh

7.4. KHU TRUNG

Khit tring trong x& 1y nuc véi muc dich tiéu diét td't ci cdc vat chit song trong
nudc.

Céc quy trinh x{ 1y nudc nhu 13 dong tu va loc sé& loai hon 90% vi khuin va virut.
Qud trinh 1Am mém nudc bing vdi ciing c6 thé tiét truing cé hiéu qui nhd pH cao.
Tuy nhién, chi't lugng nudc phai phit hgp véi cdc tiéu chuin quy dinh va chong lai
sy phat trién trd lai cda vi sinh vat, bd sung chat tiét tring 1a can thi€t. C4c yéu ciu
vé chat tiét tring tot 1a:

e Doc véi vi sinh vat & ndng dd dudi ngudng ndng do doc ddi vdi con ngudi va
cao hon d6i v4i dong vat.

e Toc dd tiéu diét nhanh.

e Di bén d€ ngin cin sy phat trién trd lai cla sinh vat.
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Toc do tiéu diét vi sinh vat thudng dudc xem 1a mdt phdn tng hda hoc bac nhit

(dinh luét Chick).
N
dt
In—- = —kt
0
N, = N,e™
trong d6: N, =0 vi sinh vat & thoi gian ¢

AN e AL 2, ¢ R
Ny = sd vesinh vat G thoi di€m zero

(7.9)

k = hiing s60c d6 dic trung ki€u chat tiét trung, vi sinh vat va cdc khia
canh chat lugng nuéc ¢ia hé.

Giai doan xdc dinh t6c do 13 su khuyé&ch tdn chit diét tring vao t€ bao clia vi
sinh vat. Piéu nay phai dugc hoan'tit trudc khi nudc dén dudc vdi ngudi tiéu dung.
Ngay sau khi khi¥ tring, khong phdi [3da tiéu diét dugc hoan toan vi sinh vat, vi N,
12 s6 vi sinh giit lai & thdi gian ¢, chi dat {61 zero khi thdi gian ting 1én. Tuy nhién vi
Nynhd, nén 99,9 % vi sinh vat bi giét trong w0t thdi gian thich hop.

Dang dudng cong tiét truing dua ra trong Hinli.7.8. Cac yé&u td sau diy c6 thé 1a
nguyén nhan tiét tring c6 hiéu qua thap :

bo duc

Vi sinh vat khdng thudc.
Lugng vi sinh vat cao.
Ling dong sit vd mangan
Hop chat oxi héa.

Céc viridt c¢6 khd ning khiang thudc cao hon vi khuin va cin ting ndng do chat
tiét tring va d€ thdi gian kéo dai. Nudc duc sinh ra cdc hat keo, sit vi mangan
1ing dong c6 thé hap thu hét chat tiét tring. C4c cht tiét tring s dung trong cong

nghiép la:
e C(lo dioxit
e C(Cloramin
e (Ozon
e Bic xa tf ngoai
e Khiclo

166

I Hir vieH [ Fechg S0 SIC P ant Ay i

hittp:/www. thuvienspkt.ed

F T ETAT

i.vn




7.4.1. Clo dioxit

Theo 1y thuyét clo dioxit ¢6 luc oxi héa manh hon 25 14n clo. O diéu kién binh
thudng, 12 mot cha't khi c6 mau vang hodc xanh vang hoic dd, héa 1éng & 10 °C.
Dung dich trong nu6c khong bén va bi phan huy, dic biét khi d€ ngoai 4nh sing.
Khi nhiét d6 cao s& giy nd, do vay clo dioxit phdi dugc diéu ch€ & gan noi xit 1y
ngay sau khi st dung. Pic tinh cda clo dioxit so sanh cdc dic tinh cda clo ¢6 nhitng
khic biét nhu sau :

Khong gay ra bat ky 1am hdng mii vi clia nu6c
Tiét trung c6 hiéu qua trong khodng pH rdng

Tao thanh trihalogen metan (THM) khong d4ng ké
Khong phéan trng véi amoni.

Ngugc v6i cdc chit khit tring khéc, clo dioxit tao thanh cdc hgp chit vo cd doc
hai. Pi xdc dinh duge50% ClO, st dung bién ddi thanh clorit ( ClO, ) va clorat
(C105" ), cdc chdt nay ¢ thé gdy ra methanoglobinemia & tré em ( giong nhu nitrat
(NO3’), n€u ndong dd trong nifGc udng qud 0,1 mg/l .

7.4.2. Cloramin

Khi clo va amoni cing ¢ mit trong ftrdc, ching phan ¢ng véi nhau tao thanh san
phdm cloramin. Ngudgc véi clo tu do, cloramin wa k&t hdp véi clo. Cloramin vd co
bao gdm ba loai chat:

NH; aq + HOCI S NH,Cl+ H:0 (mono cloramin)
NH,Cl + HOCI1 s NHCI, + H,© (dicloramin)
NHCI, + HOCI1 A NCl; +H,O (tricloramin)

Céc chit tao thanh 1a k&t qua clia sy k&t hgp clo va amoni phu thudc vao mot sd
y&u t& bao gdm ty 1& clo va amoni — nitd, liéu clo, nhiét do, pH va d6 kiém. Khi ty
1€ cao cua clo va amoni — nitd dat dudc, amoni bi oxi héa thanh khi nitd hoic
lugng nhd nitrat. So sdnh gitta cloramin va clo dioxit:

Kht trung it hiéu qua hon

C6 hiéu tng lam lanh

C6 hiéu tng lam hdéng mui va vi

Hiéu qud st dung phu thudc vao pH; pH thap c6 hiéu qud

Khong phéan @ng véi vt liéu hitu co hodc phenol

Duy tri dudc lau dai dudc sy phat tri€n lai cda vi sinh vat trong hé thong
phan bo.
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7.4.3. Ozon

Ozon 1a mdt khi mau xanh va ¢6 mui khé chiu. N6 1a mdt trong nhitng tic nhan
oxi hda rit manh va dudc st dung trong x{ 1y nuéc. Ozon cé thé dudc tao ra trong
trudng dién cudng do cao tir oxy trong dang sach hodc la ion héa khong khi khd
sach:

30, + ning lugng — 20;

Vi ozon 13 chat héa hoc khong bén cho nén né thudng dudc sin xuit ngay trén
noi xtt Iy va st dung ngay lap tic. Ning lugng tiéu thu tir 10 — 20 kWh cho mdi mot
lugng ozon cin thi€t d€ tao ra mot liéu tir 1 — 5 g/ m’. Do vay gid thanh s& cao hon
tir 2- 3 1an gid thanh st dung chloramin. Ozon c6 kh4 ning bé gy cdc phan ti 16n
nhu 12 cdc hydrocacbon thom nhiéu vong (PAH), Phenol va chlophenol. Tuy nhién
khong phai tdt cd cdc hop chat hitu co ¢6 thé bi khit hoic thim chi vo cd héa. Pic
tinh tiét tring cla ozowhao gdm:

Hiéu tng dic biét d¢ @iét virdt

Cai thién mau va vi

Bi&€n d6i hdu hét cac chat kiibng phan hiy thanh chit dé phan hiy
Hiéu tng v6i vi hat bong

boc lap véi khoang pH rong

Vi sinh vat mau phat trién lai

Tao thanh mdt s6 hdp chit doc

Khong dé lai tan du.

7.4.4. Bic xa ti ngoai

Chi€u xa véi bitc xa UV 1a mdt phuong phdp diy hita hen trong khit triing nudc.
Phuong phép nay tiéu diét ¢6 hiéu qua d6i vdi vi sinh vt va virut. Anh sing UV ¢6
budc séng tir 200 — 390 nm, ving hiéu qua nhit d€ tiét trung rat ngin trong khodng
tr 250 — 280 nm. Tai viing nay 4nh sdng UV bi hdp thu béi DNA ctia vi sinh vat
lam bi&n ddi vat lidu di truyén d&€n mitc ching khong thé kéo dai sinh sbi. Anh
sdng clia viing séng nay c6 thé dugc tao ra bing dén hdi thiy ngin 4p suit thap,
phdt ra buc xa v61 budc song 1a 254 nm.

Dic trung tiét trung bing UV bao gom:

e Nudc phai sach (khong duc) va chi mot 16p nuéc mdng

Khong c¢6 tan du
Oxi h6éa - quang hda clia cdc hgp chit c6 thé x3y ra
Khong c6 van dé mii va vi
Khong st dung tdc nhian héa hoc.
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7.4.5. Khi trung bing clo

Clo 1a mot chdt khi ¢6 mau vang xanh doc hai v6i con ngudi va dong vat. Vi ¢
dd hoat dong cao nén it gip Cl, tv do trong tu nhién nhung tao thanh nhiéu hop
chat dic biét 1a NaCl.

Clo c6 thé héa 18ng & nhiét dd phong, do vy c6 thé cat giit va van chuyén, clo la
mot tic nhan oxi hda, tiy tring va tiét tring rit hiéu qua.

Cl,+ H,O S H" + CI' + HOCl

HOCI 1a axit hypochloric. Phu thudc vao pH ctia nuéc, HOCI c6 thé phan li thanh
hypoclorit ( OCI")

HOCI s H"+ OCI

Axit hypochloric vaden hypochlorit dai dién cho ion clo ty do 13 chit tiét tring
cht y&u dugc st dung. Pian t¢ HOCI 1a hgp chat ¢6 hiéu qua nhit trong qué trinh
tiét tring. Hiéu dung ctia nd-gdp 80 1an ion OCI". Hinh 7.11 cho thiy sy phan li cla
HOCI nhu 12 ham c@a pH. G pH < 5, cin biing cla phin dng phan li HOCI dich
chuyén vé phia trdi, nghia 13 gia ti pH cang thap thi lugng Cl, cing nhiéu trong
nuée. O pH > 5, ndng dd OCI™ ting létieho d&n khi dat dugc 100 % & pH =10 .

Viung pH t6i tu d€ 4p dung kht triing nfm trong khodng tir 6 — 8.

Co ché gi€t phatogen clia Cl, c6 thé 1a:

e ThiAm vio bén trong t& bao vi sinh vat vdikét qua 13 khéa cdc enzim can
thiét.
e Ph4 v3 16p vo t€ bao

Céc y€u t6 dnh hudng dén qud trinh 1a:
Dang héa hoc clo

pH

Nong do

Thai gian ti€p xuc

Kiéu vi sinh vat

ChAtrin 10 ling

Nhiét do

Hau hét cdc hé thdng cung cAp st dung 12 hé thong khi — dung dich. Nghia la
diéu ché& dung dich clo tir khi clo va nu6c ngay tai nha may x& 1y. Thay cho viéc
cho khi clo vao trong nudc c6 thé st dung cic hgp chat Ca(ClO), hoic NaClO, cho
cdc co sd xtr ly nuGc nho.
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Hinh 7.11.Su phéan li caa [HOCI] theo pH

Mot 1y do khac d&€ chon hypoclerit 1am tdc nhan khi tring 12 né an toan hon diing
khi clo. Clo 13 mdt khi ddc va phai-hét siic can than khi cit giit khi nay. Khi thoat
ra ngoai khong khi, khi clo s& bay ratihdp sdt mit dat va trdi chAm ra xung quanh
do vay, & nhitng viing ¢c6 mat d6 dan cireao dung hypoclorit ¢6 vu th€ hon vé mit
an toan. Dung dich hypoclorit trong nudc céztinh kiém va nhu vdy 12 khong thuan
1gi trong kht¥ tring. Ngoai ra hop chat Ca(ClO},khé hoa tan, chita khodng 70 — 80
% lugng clo. N6 dugc st dung dudi dang vién clo“Pung dich NaClO, dugc st dung
khd phd bi€n. Dung dich chia 15 —17 % clo va rat khang bén, phan huy theo thdi
gian va khi d€ ngoai 4nh sdng. St dung hypoclorit c6 gii thinh cao hon st dung khi
clo.

Po chinh x4c lugng clo con lai sau khi x& 1y 13 mdt khdu quan trong dé st dung
liéu c6 hiéu qud khi khir truing nudc biing khi clo. Lugng clo con lai sau khi tiét
trung toi thi€u phai bing 0,1 mg/l. Mic cyc dai khdng duge vuot qua 0,3 mg/l (trir
trudng hop dic biét c6 thé cao téi 0,6 mg/l nhung chi sit dung trong thdi gian ngdn).

Phuong phdp st dung d€ t8i thi€u luong clo 1a do th€ oxi héa. Muc dich 13 si
dung lugng clo nhd nhit c¢6 thé khit tring hoan toan, va tranh dudc cdc phin Gng
khic khong thuin tién, nghia 12 mau va mui clia clo va tao thanh cdc hgp chat
khong thich hgp. Thé oxi héa khit dudc x4c dinh bing phuong trinh Nenst :

E = E’ +RT/nF In(Ox) / (Red) (7.10)
E = th€ oxi héa khty
E, = th€ 4p dién cyc hydro tiéu chuin
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R = hiing s khi

F = hiing s6 Faraday

n = s6 electron dich chuyén
Ox = ndng dd chat oxi héa
Red = ndng dd chat khir

T = nhiét d6 tuyét doi, K

Phuong trinh (7.10) cho biét sy phu thudc clia th€ oxi héa khir vao néng do clia
cip oxi héa / kht. Piéu nay c¢6 nghia ring né€u nhu mot chi't oxi héa manh nhu oxy,
clo... c6 mit, th& khit 1a cao va duong. Nu6c ngdm khong chira oxy sé& ¢ gid tri Am.
Thé& oxi héa khit trong nuSc c6 thé cho biét thong tin vé khi ning khit tring cia
nudc. Gi4 tri th€ oxi héa khit thu dugc lién tuc cho thdng tin vé s6 lugng vi sinh vat
va gidp cho dinh liéu st dung clo. Nu6c ¢ th€ oxi héa khit khodng biing 600 mV,
khong quan sat thi'y vickhudn trong nudc.

Vi tinh hoat dong cao nén.clo tdc dung v6i nhiéu nguyén t& héa hoc vd c6 va hitu
c6 ¢6 mit trong nudc. Trongmot sd trudng hop, clo 13 tdc nhan oxi hda phé hay céc
hgp chdt nay va dugc goi la “diém giy” khi¥ trung bing clo. Hinh 7.12 dua ra
dudng cong tong qudt clia lugng clo cho vao theo lugng du clo thu dugc trong qua
trinh dat d€n di€m gay khit tring bing clo. VAt liéu oxi héa (thAm chi mot lugng
nhé BOD) tiéu thu clo trudc khi n6 thay @i d&€n phan ¢ng tiét tring. Tai diém gay,
cdc phdn tng nay dugc hoan tat va phan g khit tring méi xdy ra. Thém ti€p tuc
clo qua diém giy s& din d&€n két qua ting ty 1&-thuan lugng clo (hypoclorit khong
phan @ng ).

San pham phu clia cdc chat hitu cd oxi hod béi clo:thudng 1a nhitng sdn phim
khong mong mudn. Lugng nhd cdc hdp chat phenol phiniing véi clo tao thanh van
dé mau va mui. Clorophenol 12 hdp chit tao thanh do phan tng clia clo va phenol
(mii va viy t&) v6i ndng dd thap ¢d 1:200 van cé thé van xdc dinh dugc bing miii
nguoi.

Phidn tng quan trong khdc 13 sy tao thanh hydrocacbon halogen, bao gdm
trihalogen metan (THM). Céc sdn phdm phu:

Trihalogen metan

Phenol clorinat

Metan halogenat, etan va cac ete
C4c hdp chat thom da nhan halogenat
Aldehit va keton clorinat

TAt c4 cdc sdn phaAm nay c6 thé gdy bénh ung thu va nguy hai d&€n dot bién gen.
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0,6 | P P P
051
Céan tu do
Céanclo (mg/l) | \ ‘
Cin két hop
0,11 Piém gi
| | | | | | £ P, |
0,1 0,3 0,4 0,6 0,8 1,0
Clo cho vao, mg/l
Hinh 7.12. Pi€m giy kht tring bing clo.
Vidu7.5

DPé thu duoc cdn tu do clo 0,5 mg/[ mot liéu 10 mg/l thém vao bé xit Iy nudc 36400
m’/ngay. Tinh todn lugng Cl, va NH; can'ihist.

Gidi:
Luong Cl, doi hoi: 36400 x 10 x 10 3 x 10-6 = 364kg/ngay

Phan ving ty lugng: NH; + HOCI —  NH,CIl + H,©
1 mol NHj; phan iing véi 1 mol HOCI tao ra NH,CI (monocloramin). Tuy nhién néu
lieu dp dung la 1:1 thi phdn ving sé tiép tuc tao ra dicloramin :

NH,CIl + HOCI —  NHCIl; + H,O

Dicloramin khéng thich hgp cho miti va vi ciia nudc. Cho nén nguoi ta hay dp dung
lieu c6 ty 1¢ Cl, / NH; la 3: 1, hodc 4: 1 dé ngdn cdn tao thanh dicloramin. Lugng
NH; doi hoi la: = 0,5 mg/l x 0,25 = 0,125 mg/l

=36400x 0,125 x 10-3 = 4,6 kg/ngay
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Phuong phdp khi tring béng clo trong hé thdng cidp nudc ¢6 ¥ nghia lién quan
dén khd ning khit tring c6 hiéu qua tiéu diét cdc vi sinh vat. Khi clo dudc phun
vao bé hoic dudng 6ng véi sy tron nhanh & sy hdn loan cao trong vai gidy.

7.4.6. Khit trung bing Flo
Flo 12 nguyén t6 vét trong tuy nhién nhung phan bd lugng rit rong trong nudc.
NuSc ngdm c6 ham lugng flo cao. Tuy nhién, hau hét nudc bé mit lugng flo 1a
khong d4ng ké. Flo dugc cho vao nudc dudi dang:
e Natri florit, NaF
e Natri silicofluorit
e Axit Hydroflorit, HF
Hién nay khtt tring bing flo it dung va tuy thudc vao tirng nudc trén thé gidi.

7.5. XU LY BANGCAC KY THUAT OXI HOA KHU, TRAO POI ION, HAP
PHU VA THAM THAW
Muc dich ciia cdc qud trinlixit Iy nay la :

e C4i thién chat lugng nitde cao c6 thé chiap nhan dudc theo sy doi hdi clia cic
nganh cong nghiép dic biét, nhu 1a dd uéng, duge pham.

e D& xit Iy nude chia cdc tic hhin hdéa hoc dic biét hodc vi & nhiém vi sinh
vat téi mic tiéu chuin c6 thé chdp nhan, vi du 1am sach Fe v Mn, lam sach
tdo mau xanh, 1am sach cdc hgp chaihitu co dic biét.

C6 khd nhiéu k¥ thuat héa hoc, vat 1y va sinh hoc c6 thé st dung dé€ dat dugc cic
muc dich trén. Cic k§ thuat bao gdm:

e Téch sit va mangan

e Trao ddiion va hap phu ion vd cd

e Hip phu cic hdp chdt hitu co

e Qud trinh mang bao gdm thim thau ngudgc

e Oxi h6éa bao gdm ca oxi héa hoc

7.5.1. Tach sit va mangan

Sdt v mangan trong nu6c phan bd trong khodng ndng do rat rong tir pg/l dén
mg/l va thudng tdn tai v6i nhau, nhung d6i khi chi c6 sit va lugng mangan rat nhd.
Sit trong ty nhién chi€m 4,7 % khdi lugng 16p vé trai dat. Mangan phd bién nhu
cacbon va chi€m 0,08 % khoi lugng vo trdi dat. Hai nguyén td sit va mangan la
nhitng nguyén t& vi lugng cAn thi€t cho ti't ci cdc sinh vat sdng va lugng sit can
thi€t nhiéu hon mangan. St déng vai trd quan trong trong su tao thanh sic t6 mau
mau d. Mangan ddi vdi dong vat c6 vai trd hét sitc quan trong cho sy phat tri€n va
chitc ning cia hé than kinh. Tuy nhién, luong du clia sit v mangan can phdi dudc
tdch khéi nudc nhu nhitng tap chit khac va ching cé thé 1am hu hdng hé thong
phan phoi nuéc.
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P& hi€u biét tai sao sdt vd mangan di vao trong nudc. Vi khuan st dung vat liéu
hitu co 1am thic dn chuyén ddi thanh CO, va H,0. D€ lam dugc diéu nay, vi sinh
vat cAn oxy, con dudng d& nhit d€ nhin oxy 1a Idy tif nudc, Do viy, nudc dan dan
mAt oxy trén dudng ngdm qua dit t6i nuSc ngdm. sau khi si¥ dung toan bo oxy trong
nudc vi sinh vat tim ki€m ngudn oxy khdc tir cic oxit Fe,03, va MnO,. Do vay sit
va mangan bi khir thanh sit (II) va Mn (II) va hoa tan trong nudc; nuéc ngdm
khong chita oxy dudc goi 12 nudc ngdm “ khi’. Pic tinh clia loai nudc ngdm nay
la:

e Trong, khong mau

e (C6 mui, vi kim loai

e Khong c6 oxy

e Thinh thodng c6 mui ciia H,S

Khi nu6c “kht” ti€p xtc véi khong khi n6 18y oxy rat nhanh va Fe (II) bi oxi héa
sau mot thdi gian ngin. Piéu nay c¢é thé quan sit sy tao thanh cdc bong mau niu
sau do két tha.

7.5.2. Cdc dang sit va mangan trong nuéc ngim

Khi bi khir thanh trang thai oxi hod +2, Fe va Mn c6 thé tao thanh hgp chit ion
giong nhu 13 hydro cacbonat (bicachbonat), clorit, sunfat. Khi trong dang ion, ion Fe
(I) va Mn(II) Iai bi dé dang bi oxi hdabdi oxy. Trong su c6 mit clia axit humic, Fe
ciing c6 thé tao thanh phic bén, sip x&p hinh hoc phan tif 16n v6i nguyén tif trung
tim mang dién duong 12 Fe** hodc Fe’*, bag quanh bdi cdc phdi ti mang dién am.
Phtic c6 dd bén rit cao.
Cic dang cua sit va mangan trong nuGc bé mat

Hop chét ciia Fe* khong tim thdy trong nudc bé mat. Sit (Fe’) c6 thé hoa tan
trong nudc bé mit bdi tao thanh keo bao gdm cdc nhém phin ti hydroxit sit (I11) .
Céc tinh cha't khong thich hgp ciia sit va mangan

Sdt 12 mot nguyén té khong doc, nhung khong thich hdp v& mit thim m§ lam cho
nudc ¢6 mii khé chiu. Khi nudc chita nhi€u sit, né giy ra nhitng vét & cho vai rat
khé 1am sach. Tham chi mot lugng nhd cia Fe va Mn ciing c6 thé tich liiy lugng
16n ling dong trong hé thdng phan phdi nudc va cé thé lam ting lugng vi khuin sit
lam gidm thém chat lugng nudc bdi tao ra do nhét véi mui khé chiu. Mot sd vi
khuin khdc ciing st dung bun cit nay dé lam thic in va phat trién trong hé thdng
phan phdi nudc.

Phuong phap chii yéu d€ tich sit ti nudc 12 oxi hod ion Fe** thanh Fe™* bing
cach suc khi, va loc dé tich két tia sit.

Sy oxi héa Fe”* biing oxy khong khi tuong doi cham, Phin ¢ng héa hoc nhu sau:

2Fe* 0,50, + (x +2)H,0 — Fe,0; .xH,0+H"* (7.11)
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7.5.3. Quy trinh lam sach déi véi nuéc cé6 nong do sit thap

N€&u nhu lugng sit trong nude tuong ddi thip (< 1 mg /1), tich sit thudng dat
dugc trong hé thong loc dp sult c6 chita 16p cat doi khi c6 k&t hgp mot 16p vat lieu
dic biét nhu 12 “Polarit” hodc mot 16i sit hoat dong nhu 13 chat xic tdc. C6 thé s
dung dd dolomit “ Akdolit” thay cho cdt nhu la mdi trudng loc (chita Ca/MgCO;
va cédc oxit). Cac vat liéu nay c6 thé tdch hiéu qua sit c6 ndng dd thap bing cich
k&t tlia hydroxit sit.

7.5.4. Quy trinh tich sit c6 nong dé cao

Khi lugng sit trong nudc 16n (> 10 mg/l) c6 thé st dung phucng phip dong tu
truc khi loc nhanh biing c4t. Tuy nhién phuong phdp nay doi hdi thi€t bi phic tap
va tdc do loc cham. Phuong phap loc nhiéu 16p phin loc véi cdc vat liéu loc khic
nhau c6 thé dat hiéu qua cao.

7.5.5. Tach sit trongnude c6 dém yéu

Nudc dugc xem 1a khodich sit thudng 12 nudec c6 do dém yé&u nghia 12 ham
lugng hydro cacbonat thadp. St;tao thanh proton trong qu4 trinh oxi héa trong nuéc
c6 dém tot khong giy ra van dé gi, nhung ddi véi nude c6 dém thap c6 thé bi axit
héa trong khi suc khdng khi vao niféc, rat nhi€u CO, bi mat, pH clia nuSc ting 1én
va sit bt dau bi oxi hod. H' sinh ra phin tng v6i HCO5  tao ra nhi€u CO, hon.
Trong nu6c c¢6 dém thap, pH sé& dat dugcdi¢m dudi § d6 phan tng dirng lai (ty dc
ch&). B&i vi vin con mot lugng 16n ion Fe”“¢on lai, va cin thi€t phdi thém oxy dé
cho phin tng xdy ra hoan toan. Nhung diéu niy sé& khong ding vi sau khi thém
oxy, né c6 thé 1am mat bén ngay ion Fe’* trong qua. trinh loc. Ly do 1a tao thanh
dung dich keo & d6 kh3 ning 1am kém bén c6 thé xayda khi vin con lai dd lugng
ion Fe*. Sy dong tu xay ra chi trong khodng pH xédc dinlf va ving pH trd nén hep
hon khi ma dém bj gidm xudng. O trén va & dudi ving nay dung dich keo rat bén
tdn tai cAn bing dién tich Am hoic dién tich duong. P6 bén dung dich keo cao dén
mtc c6 thé loc qua mdt 16p loc rat méng.

7.5.6. Tach mangan

Mangan ton tai trong nudc tu nhién & dang ion Mn**. Khong thé oxi héa biing
cach suc khi trong khodng pH binh thudng, thim chi lugng Mn t&i 10 mg/l hoic cao
hon. Oxi héa Mn** ¢6 thé x3y ra khi pH dugc diéu chinh tir 9 hoic 10 trude khi suc
khi, va loc biing vat vat liéu loc chiu dugc ki€m. Qu4 trinh oxi hda Mn** phtc tap
hon qué trinh oxi héa Fe?*. Mangan tdn tai & nhiéu trang thdi oxi héa khéc nhau (II
III, IV trong tu nhién va V,VLVII trong sdn ph§m nhan tao). P 1am sach Mn,
trong thuc t&€, phuong phap thich hgp 1a thém dung dich KMnO, nhu 1a tdc nhan tic
dung trudc khi loc ma khong thay d6i pH. Gid tri dinh lugng i lugng 1a 1,9 kg
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KMnO, / 1 kg Mn thudng tim dudc 1a qud cao (hodc qud thap), phu thudc vao qud
trinh khit va oxi hod xdy ra dong thdi. Cho lugng KMnO, vao nudc trong thdi gian
tr 3 ngdy dén 1 thdng truc khi tdich Mn dudc ti€n hanh. M6 hinh tdch sit va

mangan dua ra trong Hinh 7.13.

Thdp thai CO; va suc khi

»
»

11
F'TA

T '/ Khi sach

Khi /|
sach

j& Binh chéng
_’

ting dp sudt

T

\ 4

Bé& chita Loc téach sdt
Loc tachrMn

<

+—< >

Giéng khoan

Duongvong lam giau oxi
Hing 7.13. So dd nha may x{ 1y nu6c ngdmdé tach sit va mangan

7.5.7. Lam mém nuéc bing két tia héa hoc

Do cing clia nude gy ra bdi su c6 mit clia bdt ky kim loai da héa tri nhung chu
y&u 1a Ca”*, Mg”* va nhé hon 1a Fe** va Mn”*. Po cting toan phin thudng dugc tinh
dua trén ndng do Ca®* va Mg, c6 don vi mg/l theo CaCOs. Po cing két hop phd
bi€n v6i nu6c ngdm hon 1a nuSc bé mit. Bdng 7.3 dua ra thang do phan loai do

cling clia nudc

Béng 7.3. B0 cling cua nudc

Do citng ( mg/l CaCO3) Mo ta
0-75 Mém
75-150 Ctrng trung binh
150 — 300 Cing
> 300 RAt cling
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Céc dic tinh clia ngudn nudc sé& quyét dinh tru6c qué trinh 1am mém. Bon qud
trinh la:

1. Quad trinh bén voi mdt giai doan dugc st dung khi nuGce thd cé do cing Ca**
cao va do citng Mg®* thap va khong c6 do cing cacbonat.

2. Qud trinh thém s6 da kiém — v6i dugc si dung khi nudc thd c6 do cing Ca**
cao va do citng Mg®* thap va c6 mot it do cirng khong cacbonat.

3. Qud trinh kiém s6 da — voi du dudc sit dung khi nuéc tho cé do cing Ca**
cao va do citng Mg®* cao va ¢ do citng khong cacbonat.

Vidu7.6
Phan tich nuéc ngam cho biét chdt lugng nuéc sau day. Xdc dinh liéu ciia voi néu
nhu lam mém béng voi truc tiép dugc sit dung:
PH=7)5
Ca** = 150 mg theo CaCO;
Mgt = 20 mg/l théo,CaCOs;
Do kiem = 200 mg/l theo CaCO;

Gidi:
Liéu ciia voi = nong dj axit cacbowtic + do ciing canxi cacbonat
Nong do bicacbonat :
61 1

[HCO;] = 200x — x10° x —
50 61

=4,0x 107 mol/l
Cdc hdng s& phdn li ciia axit cacbonic & 10°C

k - [HI[HCO]
1 - *
H,CO;
=4,47 x 10~ mol/l & STP

_|H*]eos ]

= [n,coll

=4,8 x 10" mol/l

Téng néng do cdc goc cacbonic
Cr=[H,CO; ]+ [HCO; ]+[CO;" ]

K,

_ [HCO,

24

C,
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1
T 1+[HY/ K+ K, [H']
- 1
1+107°/(4,47x107") + (48x10) /107"
4%10°°
<= 0,93
[H,CO ;'] = Cr— [ HCO5 ] - [CO; % ]
=4,29x 107 - 4,0x 10”° = 0,29 x 107
=29 mg/l dudi dang CaCO;
Do vay liéu ciia véi la : Liéu ciia véi = 29 + 150 = 179 mg/l dudi dang CaCO;
=179 x 37/50 = 133 mg /l dudi dang Ca(OH),

O day: a,

=093

= 4,29x103mol /|

7.6. TRAO POI ION

Nuéc cting (>50 miz / 1 CaCO5) chita lugng du cation Ca®* va Mg**. Qud trinh lam
mém nudc nghia 12 1am gidm do citng nhung khong phai 12 loai bd né, c6 thé ti€n
hanh bing cdch trao doi‘cic cation canxi vad magie vdi natri. N&u nhu Na,R 12
nhua trao d8i ion natri (R 12"t gdce hitu co), qud trinh 1am mém nudc sé 1a:

Mg” + NasR S MgR = 2Na”
Ca®*+NaR:y S CaR +2Na'

Qud trinh trao d8i ion 14 thuan nghich va Kidng cia phan Gng phu thudc vio ndng
dd va mic bao hoa cla nhya. Mot don vi lani mém nude bao gdm mdt 16p nhua
cao khodng tir 0,5 — 2 m véi tdc do chdy khodng 41/ s m*. Dung tich lAm mém cia
nhua trao ddi thay ddi tir 100 d€n 1500 eq/m’ .

Vidu:7.7

Zeolit t6ng hop ¢é dung tich 400 eq/m’ va téc do “loc 4 1/ s. m* duge sit dung dé
lam mém nudc vdi téc dé chdy 10 l/s va do cing 4 meq/l (250 mg/l dudi dang
CaCO;3). Bé day 16p nhya la 1,5 m va 85 % ti 1¢ trao doi sit dung trudc diém dirng.
Xdc dinh dwong kinh ciia méi truong trao doi va thé tich nuéc qua trude khi tdi tao
lai nhua, va ciing xdc dinh lai thoi gian tdi tao.

Gidi:
Dién tich: Q/V = 10/4 = 2,5 m’
Duong kinh cot ¢ = 1,78 m
Thé tich lop nhua: 1,5 X 2,5 m2 = 3,75 m2
Tong dung tich : 3,75 x 400 = 1500 duong lugng
Dung tich trao doi yéu cau = 85% ciia 1500 = 1275 duong lugng.
Thé tich nuéc qua trudc khi tdi tao: (1275/4) x 10° = 3187501
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Thoi gian chay lién tuc gitta cdc lan tdi tao nhua:
= 318750/4 = 79687 s = 22,1 gio.
Qud trinh trao ddi ion ciing dugc st dung d€ tiach cic cation khong thich hop khic
nhu Ba, Sr, Ra va cdc anion : F, NO;, SiO,4 3 , CrO42' V.VV..

7.7. HAP PHU
Mot s6 tap chit c6 thé bi hap phu trén chat hdp phu rin. HAp phu bao gdm ci

qud trinh vat 1y va héa hoc tich lily cdc chat § bé miit ti€p xiic giita pha 16ng va pha
rin. Cdc chi't hip phu st dung trong xit Iy nudc cong nghiép bao gom:

e Than hoat tinh —PAC hoiac GAC

e Oxit nhém hoat hda

e Keo sét

e (Céac hydroxit

e Nhuya hap phu

Than hoat tinh (PAC) dugc sit dung kha phd bi€n dé€ hap phu cdc chit hitu co ma
chiing gay ra cidc van d& vémiii, vi va vi sinh vat. Than hoat tinh dudc st dung dé
hip phu tdo thudng giy ra mdi,vi va mau khong thich hdp. PAC c¢6 thé cho vao
nudc dusi dang dung dich dic ho#ie trong giai doan dong tu trude khi loc. Li€u st
dung tir 1 — 100 g/ m’. Khi diing PAC#6 tao ra ban va khong thé tii tao.

Than hoat tinh dang hat (GAC) thinhthodng dugc st dung lam 16p loc tinh sau
khi loc. GAC tao ra nu6c c6 chat lugng cao i cé thé gidm miic clo.

bic tinh ¢6 ¥ nghia cia PAC 1a mat d6 16n vi..kha nang loc. Kha ning loc nghia
12 n6 thinh thodng dudc loai khéi 16p loc cét tao cho viéc dé dang 1am sach 16p loc.
Mat d6 16n nghia 1a khdi lugng ty 1& thuan véi dung tich hap phu. Mat do 16n cang
cao thi ¢6 dung tich hdp phu cang cao.

7.8. OXI HOA HOA HOC

Oxi héa héa hoc 1a k&t qua clia phdn tng khi hai hodc nhi€u chit héa hoc dugc
thém vao v6i muc dich 1am ting trang thdi oxi héa clia mot chit. Cdc qud trinh oxi
héa va khit xdy ra trong cling mdt phdn ng. P& mot chi't héa hoc ting trang thdi
oxi hod (mat electron) chat héa hoc khac phai gidm electron (dat dugc electron).
Phuong trinh sau ddy bi€u di&n xu oxi héa khi cia Fe** va HOCI. Fe** bi oxi héa :

2Fe’* + HOCl +5H,0 =  2Fe(OH); + CI' + 5SH*
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Sét ting trang th4i oxi héa tir +2 1&én +3, nghia 1a mit 1 electron, clo bi khit tir CI
+1 t6i -1. Nghia 1a nhin 2 electron, 2 nguyén tit sit tuong ng v4i 1 nguyén ti clo
bi kht.

Trong x& 1y nudc, oxi hda tu nhién x4y ra trong thé nudc md, nhu 12 hd, dim
chita va bé sa ling.

Oxi héa héa hoc dugc st dung kha phd bién trong xi 1y nudc. Phuong phip c6
truyén van 12 ding clo nhung gin day clo dugc thay bing cdc tdc nhan khic vi clo
phdn &ng vdi cdc hgp chat hitu co tao thanh THM. C4c chat oxi héa dugc st dung
v6i muc dich sau:

e Oxihéa sit

e Oxi hoéa mangan
e Loaibd mau

e Caithién vi

e Ca4i thién mui

e Trg gitp dong tu
Céc chat thay th€ clo
e Cloramin

e Ozon

e Permanganat kali
e (lo dioxit

7.9 . KY THUAT LOC MANG
Céc k§ thuat loc mang bao gom:

e Viloc (MF)

e Siéuloc (UF)

e Thim thiu ngudc (RO)
e Diénli (ED)

MF cho phép cdc phén t& 16n (kich thuéec 10* — 10~ mm) di qua mang loc, vi
khuidn 16n hon 10* mm bi ngin lai khi qua mang loc. Kich thudc 18 cia MF tir 107
— 107> mm. N6i chung, k§ thuit loc thong thudng 1a giit dudc cic phin ti¥ c6 kich
thudc xap xi nhd hon mot bac kich thude 16 cla phin loc. Pi véi UF ngudng loc
loc niim trong viing kich thudc 16 10° — 10™* mm. Thdm thadu ngudc rat khic véi
MF va UF. Pay Ia k§ thuat khuyé&ch tdn chit tan s dung mang b4n thAm cé tic
dung nhu 12 mot cdi chdn cdc mudi va cdc phan tf v co hoa tan. N6 ciling nhét cdc
chat hitu co ¢6 khdi lugng phan tif 16n hon 100. Mang RO khong c6 16 dong nhat
nhu trong MF va UF. RO dugc st dung trong khitr min, Qud trinh dugc minh hoa
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trong Hinh 7.14. Trong Hinh 7.15 4p sudt 4p vao vudt qud 4p suit thAim thiu cida
dung dich mudi bi€n chdng lai mang ban thAm budc nuc chdy qua va d€ lai mudi
phia sau, nghia 12 tdt cd ion bi gif lai & phia phdi. Pién li (ED) 12 mot qud trinh
mang tich dién khi cdc ion di chuyén qua mang tir dung dich nong d6 thip dén
ndng dd cao hon. Dong nudc tinh khi€t chdy theo huéng ti€p tuyén clia mang trong
khi dong ion chdy theo hudng thing ditng.

107 10 107 10 107 107 10" mm
| | | | | | |
RO UF MF CF

Hinh 7.14. Quaé trinh tdich mang

Dong thim thdu Can bing thim thiu Tham thau ngudc
'I
\ T l
) Y
v Ap suat
4
— ’ «  r——

Nudc sach || SI. Muoi Nudc sach Nudc sach SI. mudi

SM SM SM
SM = mang bdn thdm

Hinh 7.15. So dd thAm thdu ngugc .
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PHU LUC
TUGNG QUAN GIUA CAC HE PO LUGNG CUA MOT SO
PAI LUGNG HOA LY THUONG SU DUNG TRONG KY
THUAT MOI TRUONG

Hang so'khi,
= 0,0821 Latm. mol’ . K
=831 J.mol-1K"’
= 62,4 Ltorr.mol". K’

Luc
IN = Ikg.m.s™
F = m (khé'i lwong) x gia toc

Ap sudt
P = luc/dién tich
1 Pa = lkg/ms’
1 atm = 760 torr
1 atm = 101 kPa
760 mm Hg = 760 torr

Po dai
1 um=10%m

0

IA =10 m
1ft=0,3048 m
lin=254.10"m

Khoi luong
11b ( pound) = 0,454 kg

Nhiét dp
K = °C + 273,15

ﬁF:%MC+ﬂ)

ﬁcngFﬁm

Cong sudt

Thir vign Tiwreme BDEH S ohom Ko thudt TR EM
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1 kg (luc)m/s = 9,81 W
lerg/s=10"W

1 Kcal/h = 1,163 W
11b (lyc).ft/s = 1,356 W
1 Btu/s = 1,065 kW

Cong ndng luong nhiét luong
1 kg (luc).m = 9,817
lerg=10"1J
1 kWh=3,6.10°J = 4,19 kJ
1 Btu = 1055,1J = 0,252 Kcal
1 kWh = 3415 Btu
1 Kcal = 3,968 Btu

Luu lugng
1 /s = 28,3.10 /s

Entropy
1erg /(g.K)= 10" J/(g.K)
1 Btu/Ib.°F) = 4,19 kJ/(kg.K)

Enthapy
1 Kcal/kg = 1 cal/g = 4.19 kJ/kg
1 Btu/lb = 2326 J/kg = 0,5556Kcal/kg
1 Kcal/kg = 1,80 Btu/lb

Nhiét dung riéng
1 Kcal/(kg.K) = 4,19 kJ/(kg.K) = 1Kcal/kg’C
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