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LGOI NOI PAU

Gido trinh cong nghé sdn vudr muor khodng trind bay whitng Iy
thuyét co ban nhat vé da thi pha hé hod tan muoi mdde nr bde hai dén
hée ndm, nhitng tinh todn tinee ¢ dé lam ré noi dung ciia phan Iy
thuyeét cring cong nghé téng hop, loi dung nicie bién dé vdel wioe lav

mudi va san yudt kaliclorua.

D¢ lap duve mot liea trinh cong nghé sdn xudt muoi vé co va
thiél ké', tindt todn cong nghé ciia lien trinh d6 ding va hop I klong thé’
khoug ding dén cde kién thite cia d6 thi pha. D6k cdce kién thiie vé
¢ frod tan va dé thi hoa tan trén cde toa! gidn do va cach Idp do thi nr
hdng s6 licu tra duge hodc bang thic nghiom, phdan bi¢t va sir ding do
thi ciing cde pleong phép i 1odn xde dinh dinl fuong . Viovdy, day la
gido trinkt can thiét cho sin vién nam ot cita nganh Cong nehé cde
hop chédt vé co va cé thé I tai tién tham khdo cho cdc ban dong

nghiép.

Cen hen y rdng: Cée vi du tindt todn trong gicgo trinh néy hodn
toan o tinh chat I3 thivét, cdae pha dicge xeni hodn toan o trang thedi
can bihg va khong khdo sdar den cde ton that kiv phan Iy (loc, rivu
thang hoa. ) ciing niwr cde thay dor veé nhiét do. Cic két qud tinh todn,

do véy, chac clian s ¢6 khde biét it nhiéu so voi e 16
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PHAN MC PAU

Nghi¢n ¢t san xuat cde logi mudi khoing phuc vu doi song v edc nganh cong nghiép,

nhimg van d¢ ching  gip phii ¢6 the gop lai thanh hai vin dé chinh sau day:

L. Kha nang vis phuong phip san xudl mor logi muoi tr dung dich muéi - nude clia mudi
do.

2. Dicu ki¢n cong ngh¢ thich hop & san xuat cic muoi vo co niy ovi dur K.SO.,
K,50, Mg80,.6H.05 tir cie mudi vo co di ¢o sin (KCYL Na.SO, ...

Picu ¢he mot foai muadi khodng tir dung dich mudi - nude cia né kha don gian, chi vige
ding cic bi¢n phip co dac, Tum lanh i dd.

Nhung n¢u w dung dich ¢6 hai mudi hold tan 11§ 1en dicu chd ra mot must don thi khi
phic tap khong the chi dira vio kinh nghi¢m. Trong thie t& hay gip la loar he phite tap nay.

Deé giai quyct viin dé, phii tign hanh lam mot luong 1én cde thi nghi¢m nghién curu ¢6 fién

quan.

Nhirmg 56 ligu dat duoe do ket qua nghién ctu, ching ta ¢6 1hé dua vio do dé Zidi quvet

cde van dé song nd vin con thick tinh ré rang vi khoa hoe.
Ung dung gian d6 pha hé musi - nude nhim khie phue khiém khuyst wen.

L - . B . 2 - & - - . - = . Ly .. & N N
£)6 thi pha (gian do pha) li d6 thi v& quan h¢ gifra cde thanh phan va diéu kién dé heé cin

bang. N6 hoan toan duge xdc lap bang thue nghi¢m.
D0 thi dugce Tapnén de 1§ pidi va ting dung dua hoan toan uén cie so licu 16 do hod tan.
Ching ta nghi¢n ¢iru gian dé pha nham:
Ly gidi duoe dic tinh cia hnu trinh ¢cong nghe
- €6 the xdc dinh duge didu kicn hop 1y nhit.
- NG 1a o s dé tinh todn k¥ thudt khi thist k&

- Khi nghign ciu do thi pha, chiing ta thuding xuyén ding dén quy tic pha - né di duoe
nghién cou qua & gido trinh Hod ly. O day, ching ta chi chi ¢ dic diém cla viee g dung quy

tac pha cho hé muéi - nude.
Cong thie chung ctia quy tic pha ti:
C=K-¢+2.

trong do:



C:dowrdo;

K: 86 cau tir doc 1ap ;

¢: 86 pha ;

2: chinhiét do v dp suat.

D61 v61 h¢ mudi - nude thong thuong chi khio st pha rin va pha long nén né 1a he ngung

* ket (ngung ). Trong he nay ta chi cin quan tam dén dé hod tan cua cde logi mudi ma ap luc

anh hudng ril nho dén d% hod tan cia cic muo Lrong nudce,

Vidu: V6i NaCl g 25'C, dp sudt | atmosphe ¢6 do hoa tan 14 26,42% khgi lugng con o dp
sudt 250 wmosphe ¢6 dé hoi tan i 20,59 % khoi lugng. '

Vivay quy tic pha véi hé musi - nude nen i
C=K-¢+1
Ta xcty nghia cic thong s trong cang thiic trén;

1. Pha () 1a tong hop cic phin dong nhat cia he, né giong nhau theo cdc tinh chit,
khong phu thuoc khéi luone.
g pat ; g

Vidy: Mudi & rang thdi rin gdm MOt s& 16n cic tinh thé déng loai, 1 mot pha ran.

Hay dung dich muéi ¢6 the 160 tai hai pha la pha 16ng vi pha khi gom hoi nitoe hodac hén
hop ciu hoi nuée v6i khong khi.

2. 86 cdi tit die Lip (K )

56 nho nhat cic don chat du dé tuo thanh @t ca chc phat cta mot hé nhat dinh - chinh 13 &
cdu ur doc Iap Moi mot don chiit nhis vy got Fuedu 1t doc lap.

Dua vao s& ciu tir doc lap c6 thé phan he thanh hé¢ don cdu i, hé hai cau nr, hé ba cau
va hé nhiéu cau 1.

b¢ xdc dinh mot h¢ [i hé may ciu 1 ¢6 hai cich sau:

Néu g khong 6 phen ting hod hoc ady ra — He Vat ly- chinh bang s6 ciu wr doc lap:
Vidu: - Hé tao thanh bdi NaCl va 1L,0: 8¢ cdu tlr doc Lap la 2.

- He tao boi NaCl, KCI v HLO: 86 cdu o doc lap 1a 3.

Néu trong hé ¢ phdn iimg hod hoe - He Hod hoc - 56 cdu nr doc lap bang s¢ cdu tit tao
thanh h¢ 1rir di 56 phin tng hoi hoe doc lap xdy ra trong hé.

Vi du: He ¢6 Na,SO,. MaCl;, MgSO, va 11,0 ¢6 mot phan ng hod hoc tén tar la:
Na,Cl, + MgSO,= MeCl, + Na,SO,
SGcautirdec laplas-1=4

Vay h¢ trén 1 he 4 cau .

10



Trong diéu kién nhat dinh (vi du 0 0'C). Trong he wén con xudt hién Nu,SO,. 1011,0, s0
ciu tirtang 1 don vi, nhung khi d6 xay ra phin ting:

Na,SO, + 16 11,0 = Nu,50,.10H,0
Neén né van 1 he 4 cau . |
Trong hé mudi — nude ¢d thé xic dinh 56 cau tir doc lap don gidn nhur saw:
6 ciu tlr doc lap biang s¢ ion doc [ap do cde mudi ciu thanh hé 1ao nén.
Vi du: He NaCl - 1L,0. Cic jon doc 13p 1a Na*, CI'. Bay la he hai ciu .

He NaCl - NaNO;— NaBr va 0, cac ion doc lap 1a Na', CI', NO; va Br . ay la h¢ 4
cau .

lon doc lap phai 1a ion 16n tai déc tap trong dung dich.

Vi du: Hé Ca, (PO,),, CaHPO,, Ca(I1,PO,),. HPO,. H,0

Trong d6 PO,", HPO > H,PO; khong phai ion doc Jap vi co phan img
PO + 1,PO; = PO,

Trong trudng hop nay nén bicu dién thanh phin theo hgp chét véi oxy, he trén viét thanh:
P,0.. CaO va H,O d6 1a hé 3 cau ur.

3. Bic tii do (do e do): dp suit, nhiel do, nong do la cde bien s6 doc lap dé xdc dinh trang
thai cia hé.

Vi du: 11¢ mot cdu 17 bién 56 doc lap xic dinh trang thai 13 4p suat va nhiét do. 11¢
nhidu cau 1t 1a dp sudt, nhict do, ndng do cia cide ciu .
Nhitng bién s& doc lap dy duge goi la bac tie do ctia hié.Trong mot @101 han xac dinh nd ¢d
oy N . R ' e . . N B v N
the bién dbi tuy v mi khong gay ra bién doi so pha va thanh phan vé chir cua hé.

Quy tac phu givp ta phan loai hé mot cich hop 1y. N6 cho phép xdc dinh ¢ mot h¢ nhit
dinh chi diéu kién vi cic quy ludt phd bien d¢ no dat cin bang.

Con thanh phan pha, quan he vé lugng gifta cde pha thi phai gidi bing d& thi pha (gian do
pha)

Pé nghién clu can bang vi sy bicn thicn clia trang thdi can bing ching ta thuong, phiti

dimng dén hai nguyén 1y co ban la:
1. Nguyen 1y lien tye
2. Nguyén 1y tuong ung
a. Ngivén Iv tién tye: Khi thanh phén cua he hode cic thong s6 doc lap khdc (nhigt do.
dp sual) xdc dinh trang thdi cua he lien tye bien thién thi tinh chat cia hé hodc cua pha lien tuc

cling lien tuc bién thién - cic duong bidu dién cdc moi quan he cling s& lien tyc.

11



Tinh chat cla hé chi bién thicn dén khi s pha hay tinh chit ctia pha khong bién thieén nira
thi dimg lat.

Su xudt hién pha mdi hodc mat di pha cii thi tinh ché ctia he sC ¢6 dot bién. Dong thin

iren bisu do thanh phin, tinh chat s& ¢6 di¢n giy.

b, Nguven I35 tuong ting: mdi diém trén dd thi déu thé dign tiong tng 1§, hod tinh cua
Mot cau tir hay ¢t mot 1ap hgp cdc pha can bang cla he. Ching 1 sé 10 hon khi nghién citu
‘timg loai gian do.
' Bay ity chiing ta gidi thicu mot s6 thudt ngit hay dung trong gidan dé pha
- Didut thanh phin - diém hé: no 1 diém tong thanh phin cla h¢, duge xic dinh boi
lugng cic chdt tao thanh hé, khong phu thuge vio trang thai cua he.

- Bidm 1dng: Néu khong c6 chi dinh dae biet thi diém ong 13 diém chi pha 1ong biio hoa
mudh. Puong nhien, ¢é thé mot loai hoac hai, ba loar clng bao hod. D1 vdi he phite tap thi diém
long bien thién theo nluét do.

- Diém rdn: 12 diém thanh phin pha ran, né ¢6 thé 1 mét mudi don, muoi ngam nude,

muéi kép. N6 thay doi theo nhigt do.
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Chuong I: HE HAI CAU TU MUOI - NUGC

6 1a he do mot mudi v nude o thanh
1. PHUONG PHAP LAP O THI IE HAI MUOL - NUOC

Tir qui tac pha cho h¢ ngamg két: C= K- o+ 1
C,=2-1+1=2
Hai bac tyr do 1 nhiét do v néng do. quan hé gila ching ¢6 thé hidu dién weén do thi
phing.
Truc hoanh bidu dién ham lugng % Khoi lugng cia mudi trong dung dich.

Truc tung biéu dién nhigt do.

Nhiet do."'C

A a’

| | l;.
I |

i 1
0 20 35 40 60 80 %KL mudi

T,
S

Hivh 1 Tl mudi — nude
Vi dy: C6 dung dich bdo hod mudi A, Trong d6 ham lugng mu6i 1a 33% 0 30'C.

Tim diém A bing cich:



- Trén truc hoanh 1ay diem 35%, ké 35 - a song song truc Lung.

- Trén truc wing lay diém 30°C, ké 30 — a seng song v6i truc holnh.

- Hai dudng cit nhau tai A chinh 12 diém cén tim. |

Dua vio cdc s6 liéu cho sdn trong s6 tay hod tan, bing phuong phép trén ching ta & lap
duge d6 thi hoa tan cua he.

11 CAC LOAI O THI HOA TAN
| (6 4 loaj hé hoa tan hai cau tr mudi nudc:
1. Loai don gian nhat, vi du: hé (NH,), SO, - H,0, NaNO,- 11,0
2. Loai tao hop chit hydrat, vi du: he NaCl - H;O MaCl, - H.0
3. Loai ¢é thodi giam do hod tan, vi du: h¢ Na,580, - H,0, FeSO, - H,O
4. Loai cé nhiéu tinh thé chuyén doi vi du: hé (NH,) NO, - H,0
II1. PO THI HOA TAN DON GIAN NHAT
La gidn dé cla hé khong tao hydrat, khong ¢ tinh thé bién doi.
1. Do thi hoa tan va can bang pha

a. Dé thi hoda tan hé hai don gian

A
60 B

501

Nhiét do, 0'C

401

301

* 207

10 1

-101

201

l l | . | >
H,O 20 40 60 80 G KL mudi

Hink 20 HE hat mudi - nude.

14
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Truc B mudi tuong (ng mudi nguyen chit

biem A biéu dién diém déng bang ciua nude nguyén chat.

Piém B biéu dién diém néng chiy cia mudi nguyén chit.

bPuong AE bicu dién do hoit tan clha nudc dd.

Dutng BE biéu dién do hoa tan cliia mugi,

Diém E la diém Otecti ctia hé, tai day khi nhiét do khong doi thi dung dich 1.{(E) s& can
bang véi hai pha ran {a mudi vi nude da.

Toan bo do thi ¢ thé chia thanh 4 khu:

- Khu chita bio hod dung dich nim trén dudng AEB

- Khu két tinh nude nam trong dussng Aakl

- Khu két tinh muéi nam trong dudng BblE

- Khu pha rin hoan toan nam trong dudng ule-I_,(j.

b. Cdn bang pha

Trang thdi cua hé duge xdc dinh bai hai bién $& (thong s6) - do 1a néng dod cia mudi trong
dung dich va nhiét do.

S6 bic tr do chia dung dich chira bio hold musi duge xdc dinh bdi quy tac pha:
C=K-¢p+1
C=2-1+1=2

Vi vay cdc diém & trong khu chua bilo hoa tuong ng vdi trang thdi can bing cd hai bién
sG thay doi, wic la trong mt gidi han nhat dinh ¢6 thé wy ¥ bién doi nong do v nhiét do ma
khong lam cho s6 pha thay déi (khu vuc trén AEB).

Khu vyc AaE va BbE la khu biio hoa dung dich; nude dd va mudi can bang véi pha ran
bang (AaE) va pha rin musi (BbE). Vi cd hai pha t6n tai nén: € =2 -2 + 1 = 1, ndng do dung
dich bilo hoa chi duoc bién déi theo nhiét do.

biém E va cic diém ndm trén dudng ab c¢é 3 pha clng tén tai {pha L(E), rin bang, rin
muoi) nén: C=2-3 + 1 =0, do d6 mudn giit 56 pha thi phai bat bién cic thong sa.
Néu giam nhét do T < T, thi pha long & mat di

Néu tang nhiét 4o T > T, thi mot trong hai pha rdn s& khong con ton tai trong dung dich
bAo hoa mudi. Diém 1ong s& dugce dich chuyén theo duting EA hoac EB.

Chui ¥: Trong trudng hop néu da o6 dinh mot bién s& thi bac tu do phdi giam di 1 don vi.
Vi du & nhiét dé xdc dinh ¢6 mot dung dich biao hoa mot mudi thi:C, =2 -2 =0.

Nhu vay trén gian d6 do tan:

15



¢ Dung dich khong bien bicu dicén & dicm E
e Dung dich mot bién bicu dién trong khu vie AILB, BEb.
e Dung dich hai bien nim phia trén duong (ﬁ) tun AEB.
2. Su bién thién nhiet 4o va thanh phan dung dich
Nghién ciu do thi pha dé tim cic didu kicn cong nghe ¢hé o cde loal must. HE dat duge

muc dich 4o, phii 1ién hanh hang loat cic thao tic d& dua duoe hé vao cic khu vire ket tinh muoi
can ¢heé lao.

Cde thao tic dd gdm co:

- (o ding nhiél
- Pha lodng
- Théem muoi
- Thay doi nhiet do.
A. CO DAC DANG NHIET, THEM MUGL VA PHA LOANG

L Co déng nhist dung dicin vl cie mudi ¢o do holl tan {t bign déi theo nhiet do. thutng
sur dung phuong phip ¢o diac dé két tinh tao muoi (NaCl.

Tien hinh ¢o dac mot dung dich chura bio boa s& dat 6 bio hod roi qui bio hod 1ol tao
ket Linh.

Vi du: Dung dich chua bdo hod n & 30'C chita 25% mudi. Ti¢n hiwh ¢6 ding nhi¢t ¢ 40'C
do mét nude diém he sé dich chuyén theo duomg nS - dat dén n, (1.} dung dich bit diu bio hoi
muéi. Do lugng bién (néng dd mudi tang) dan dén chat bicn (xudt hién pha mdéi — rin 8). Ti¢p
tue ¢0. heé o1 n, di chuyén trén dudmg n,S. Rin {a diém S, con long viin gilr nguyén i diém
n,(L). Diém long van [ ny(L) c6 thé thiy qua quy tac pha: ¢,=2-2=0

Tiép tue co dén S, long mat di, ran vd hé tiing nhau tai $. Vi ring pha tong, pha rian hop
thanh mot he can bang & mot nhict do khong déi nén trén dé thi ching cling ndm trén dudng

dang nhit.

Qud trinh trén 4 the t6m 1at thanh bang sau:

| Dung dich tir chua bio hod Dung dich qui bio hoa muai
dén bito hoit két tinh
[i¢ n— n(l.) n,— n,—5
!
Dung dich I n— () (1.
Pha rin .. Khong . s
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2. Thém mudi dang nhict

Ta thém mudi tinh khiét vao dung dich chua bdo hoa n, qua trinh xay ra gidéng nhu co
ding nhiet & trén chi ¢6 hai diém khic nhau la:

Khi co: lugng hé giam (do mat nude)
lugng mudi tuyet déi gili nguyén.
Khi them mubi: lugng hé ting.
luong mudi tuyét doi tang.
lugng nudc bat bién.
Khi co: cudi ciing nude mat di nén diém he tring véi diém ran.
Khi thém muoi hai diém hé - rdn khong thé tring nhau.
3. Pha lodng ddng nhiét: 1rong thye 1& nhiéu lic can tinh ché ai san pham nén phai tién
hanh pha lofing - qud trinh hoan todn nguge véi co dic.
B. BIEN DOt NHIET O DUNG DICH
1. Lémn fandt dung dich

Vi cde mudi c6 do hoa tan thay doi nhidu theo nhict o ta thuong ding bien phap lam
lanh dé kél tinh.

Vidu: KCl, KNO,

Chiing ta ding diém n, trén hinh 2 dé tim hifu vdn dé niy chl yéu quan sat su dich
chuyén ctia h¢, pha 1ong, pha ridn vi sur bién déi pha. Py 1a phin cin thiét khi 1ap qui trinh cong
nghe vi tinh todn vé luong.

Dung dich chua bao hoa m khi lam lanh :

Tit m dén m;: H,0 khong mét, mugi khong mat. Chi ¢ nhiét do gidm nén dudng 1am lanh
s€ dich chuyén theo duong m — m, song song véi truc tung.

bBén m,: Pudng lam lanh cit BE, dung dich bit dau biio hoa mudi vi bt ddu ¢6 pha mai
xudt hién: pha rin mugi P,

Ti€p tuc lam lanh tir: m, dén m,, pha ran musi khéng ngimg tang len.

Dung dich loiing din mugi di nhung van bio hoa mudi aén diém thinh phan pha léng phai
dich chuyén trén dudng BE tir m, dén T-.

Diém thinh phan pha ran phai dich chuyén theo dudng Bb tir P, dén b.
Tai bat ky mot thdi diém nao cla qud trinh, diém he, diém Iong va diém rin ciing phai

nam trén duding thang ding nhiét (nhu L,, M, va P,)
1
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Nhiét do, 'C 60*— m
!
501 1
401 n \EV B
o /= S
15
30 \L
20 ll
im, P
10 :I
A —_-4p
-10 b
-20
—Pp
H,0 %KL muol

Hinh 3: Hé mudi - nude.

Pén m,(Giao diém gilfa ab va dudng lam lanh)
Pha long (dung dich} la E

Pha rin 12 mudi b va mot pha yin mdi xudt hién i nude da. Hai pha rin {mudi va nude did)
ti€p tyc tao thanh trong dung dich E theo ty 1¢ cua dung dich E. Vai thanh phan cua dung dich E

vi nhiet do déu kliong doi ¢d hé thay qua quy tic pha; C=2-3+1=0

C6 thé 1dng hop loan bo qud trinh nhu sau:

Tir chua K¢t tinh Nudc di va | Pivaokhu Téng quy tich cdc
bio hoa dén muoi muo1 clng toan rin diém ctia qud trinh
bio hod KT
] ]
S
m—>m, m,; —» m; m, m;-—>m,
a mm, m, mm,

Pha 16n
& m — m, m, = E L \ Khong -__11‘111_’1 z
L
Khong il —>
° Pb m,m, \
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Qua trinh cif 1i€p tuc thi lugng tuyet d6i cha dung dich E giam dan. Pha rin tao nén con
do mudi b két tinh trude bo sung vao nén diém thanh phan pha ran s& chuyén dich dan theo
dudng bE, cudi cuing dén m,

Dén m, dung dich E mat hoan toan. Piém heé va diém rén tring nhau tai m;. Piém E goi la
diém Otecti. Nhiét do ting v6i diém E ciing goi nhiét do Crecti.

Tiép tuc 1am lanh diém heé s€ rdi m, di vao pha toan ran ciing v su giam cfia nhiét do.
2. Pun néng dung dicl: né nguge vol qué trinh 1am lanh ¢ trén.

Chiing ta dd nghién ciu qua mot loat cdc thao tic, tuy tinh hinh thuc t€ ching ta ¢6 thé
chon mot hoic hai,ba thao tac dé hoan thanh mot quy trinh cong ngheé.

Hudng dich chuyén hé cba cdc qua trinh ¢6 thé téng két theo hinh 4 sau:

fGia nhiét

Co dic,

Théem mudi

Pha lodng <+

Lam lanh ¢

Hinh 4: Huéng chuyén dong clia cac hé trong cdc qua trinh thao tac.
3. Tinh todn vé hiong cde qud trinh

Ngoai viéc nghiéa cifu sy bién ddi pha trong cdc thao tac, d3 thi pha con givp ta tinh t0dn
vé luong khi thyc hién cong nghe gia cong céc loai mudi nhu lugng mudi ket tinh, luong nuéc
bay hoi... :

Phuong phép tinh toidn trong d6 thi pha déu khong ngoai ba loai sau:

- Phuong phép don bily.

- Phuong phap dya vao cau tir co thinh phan khong doi (phuong phdp ty 1&).
- Phuong phap céan bang vat chat.
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¢. QUY TAC LIEN KET PUONG THANG VA QUY TAC DPON BAY

(3 nhiét do nhat dinh hé €6 thé chia thinh hai phan, ta c6 cdc quy Lic sau:

1. Quy téc lién ket cde ditdng thing

Dicm bicu dién hai hop phin kap nen h¢ nim trén cing mot duong thang.

Vi du: trén hinh 3:

bicm long N,
Diém rin P,

Piém hé M. nam trén mot duong thang N,M,P; khéng nhimg do N, va P, ma N, cdn 6 thé
ta do t, (nudc nguyén chaty va P, {mudi nguyen chat) tao thanh (tic néi mot he ¢o thé chia lam
hai phan bat ky).

2. Oy tde don bay

Luong hai hop phin 1ap nén h¢ ty 1¢ nghich véi khodng cach duge bicu dicn trén dé thi

!

gilfa ching dén he.

Nhiét d0."C

L

A

Hink 5: He mudi - nudc. 0L KL—>
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Vi dy: Trén hinh 3 vdi hé M, do pha 1ong N va pha ran P, tao nén thi:

Lugng phalong N, M,D,

Luong pharanP, N, M,

C6 thé chimg minh quy tac don bay trén nhu sau:

‘Irén hinh 5: Dung dich chua bio hod M, chifa m % muoi.

Khi Jam lanh tir t, dén t, s& c6 mudi két tinh khi d6 diém he¢ 1a M,, diém rin P,. Diém long
N, citng ndm trén dudng thing dang nhict t,.

Trong pha léng N, chira n% mudi

Goi x la lugng mudi rin P,

Goi y la lugng dung dich N,

Y
100

A A

Thi luong mudi trong pha long N, la:

Nhiét do."C

H,O 20 40 60 80 M

S KL mudi —

Hindr 62 Hé mudi — nudc.



Téng lugng hé M,

ny m
X+ —=——(X+
100 ]00( ¥
_mx  my

100 100

m-n _NzM;

T100-m M, P,

e | w

Quy tic don bdy cdn diing dé tinh luong trong qud trinh ¢6 dic.

Tinh luong nude bay hoi khi co dung dich m dén diém hé m, trén dudng bio hoa EB.

Ta coi m 1a do H,O biéu dién bdi t,, va dung dich bdo hoa m, ciu thanh va dp dung quy
tac don biy

Hay

Tuong tu néu cd dén m, thi:

Lugng nude bay hdit ,  mn,
Lugng hé m, con la t,m

Thue ra m, 1 do pha léng m, vi pha rin S cfu thinh, quan hé¢ vé luong giiia ching ¢6 thé

tinh nhu sau:
Luong phalongm,  m ,S

LuyongpharanS  m,m,

Hoic vi€t thanh:

Lugng phalongm, mz_s
Luonghé¢m, - m,S

Vi Lugng pharanS _m, m,
Luong hé m, m,S

Lugng hé bun ddu di biét, dua vio trén s& tinh duge lugng nude bay hoi va hugng pha

Joang m,
2 ~ ot - at - - r -~ A - " - ~
Quy tic don bay duge ting dung d¢ tinh 10dn cho qud irinh pha lodng- ngugc lai qud trinh

co dac.
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Vi dir: Tren hinh 6 h¢ N, 13 do pha rin P va pha leng N, tao thanh. Thém nudc dé dat he
m&1 N; ¢6 nhiét do t,. Tinh lugng nudce cin thém vio?
Heé muoi N; ¢6 the xem 1a nudc nguyen chat t, va h¢ ban dau N, hop thanh nén:
_Luongnudebandiu N2

Luongnuécthémvio N,N,

Luong hé ban diu N, da bist, goi la w:

N,N

Lugng nudc thém vip= 2
o N,N,

Lugng hé¢ mugi N, = —2 %
tyN,

Quy tac don bdy ng dung rat thuin tién, chiing ta chi cin xdc dinh diing lugng ma canh
tay don dai dién.

D. TINH LUONG BANG PHUONG PHAP TV LE _

Diéu kién itng dung: trong pha 10ng cuoi cung cha qud trinh phéi biét duge luong tuyet
doi chia mot cau tir. Ta dira vao cau tir d6 dé lap phuong trinh 1y 1¢ nhur sau:

Nong do cau tir da bict lugng tuyét déi trong dung dich cusi

Noéng do cal tir cé lugng bién déi rong dung dich cusi

Lugng tuyet d6i chia cdu (r khong thay déi di bigt

Luong tuyét d6i cia ciu tir ¢é thay déi con lai trong dung dich cudi (x)
Tim duge X s& tim duge luong mudi két tinh, fuong nude bay hot
E. CAC VI DU VE UNG DUNG QUY TAC bON BAY VA PHUGNG PHAP TV LE
Tinh todn vé lugng cac qua trinh lam lanh, ¢6 dac, pha lodng dia vao do thi hoi tan He
KNO; - H,0 duge 1ap nén tir bing 6 ligu hoa tan sau dé gidi cic vi du cu thé (bang 1).
Vidul:
£¢: Cho hé ban dau N, (80%, 50%) ¢6 khéi luong 1a 100 kg. Xic dinh sy bién ddi vé pha
va lugng khi lam lanh hé trén tir 80"C xucng 15"C.
Giai: Diém he cusi la N,(15", 50%) 1a do pha ran K (KNOs) va dung dich bio hoa L
(15°,20%) tao nén
Tinh v€ tugng ¢6 thé ding hai phuong phip:
a. Ditng quy tdc don biy:
LugngpharinK LN,
Lugng phalongl. N,K




Lugng phalong L N K
Luong pha rin + lugng pha 1ong = Luong hé bun diu N, = N, v bing 100kg

Trén dé thi: LK =80, N,K =50 nén
Luong pha long L = Lugng N .—== = 100." - =625kyg
LK

Luong pha rin K = 100 - 62,5 = 375 kg

Bang !: He KNO, - 11,O

" Diém Nhict do,"C o KL KNO, Pha rin
A 14 5.0 Nude dd
¥ 2.9 100 Nudc di+ KNO,
0 116 KNO,
10 17,5 KNO,
| 20 | 240 KNO,
25 27.5 KNO,
30 Y KNO,
40 39.0 KNO,
50 46,1 KNO,
60 52.4 KNO.
- 70 57.9 KNO,
75 60.5 T KNO. |
80 62.8 KNO, |
; 90 67,2 KNO,
100 70,9 KNO;
o 125 _ 78,4 KNO,

b. Plusong phdp 1¥ 16 sau khi [am lanh, toan bo nude nam lai trong dung dich bdo hod v3i
luong tuyét doi la:
100. 50% = 50kg
Boc trén dé thi diém L ¢6 20% KNO; va 80% 11,0
80(theo L.} _ . 50 B
20 Lugng muoi KNO, con laitrong L(X)
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v Nt do,"C A
L0 |

00 |

R0 |

70

601

507

<40 ]

o] L

n 4
T T

HO 20 40 60 80 : KNO,

Hinh 7 Hé KNGO, - H.O.
CeKL-»

Va lugng KNO ket inh K = 100 . 50% - X

0.2
=50- v.20 50.-12,5=375k
80

«
Lucng dung dich 1. = 100 - 37,5 =025 kg
Ta nhan thily ring k€t qua hai phuong plip nhu nhau.
Vidn2
Cho he ban diu m (90" C. 20%) ¢6 khdi luong Lt 100kg. Tinh lugng wude di bay hoi khi
co dang nhiét & 90'C dén KNGO, vira dyt bio hoa.

Gidgi: Diém he cudi m, 1 giao diém cla dudng ding nhiet 90"C va dudng bio hoa KNO..
T ] ] = S =

BE ¢6 ciic chi 86 gian dd 1 m, ( 90"C, 68% ). Ta tinh lugng theo:
a. Quiy téc don by, ta xem h¢ ban ddu m, 13 do hai phin hop thankh:
Luong nude bay hoi do ¢o dac {va lugng hé cudi m, con lai.
Lugng nude bay héidoco Jﬁ_c_;_ 3 m”m]

1[Emdim, conlal fm,,



: . . m,m
Hodc luong nudce da bay hoi £ = Lugng he ban diu m, . _t_“ -
' : m,
T
= 100. 22 =706 kg
68
b, Tindi bing plutong phdap ¥ 1é: Trude v sau o dac KNO, vin nam lui toan bo trong m,,
VOl lugng tuyét doi la : 100, 20% = 20kg.

- 68 20
(Theom,) —= — i
32 Lugng nudecon laitrong m, (x)

. A 20.32
Lugng nude = 100, 20% - X = 80 M

=80- 94 =7006ke
Viei 3
Cho h¢ bun daw m, (90" C, 20%) ¢6 khoi luong 12 100kg.

Tinh luong va sy bién ddi pha khi ¢o ding nhiet & 90°C, hé¢ weén den hé mai dat 90
KNO; 1hi dimg lai.

Gidi: Diem h¢ cudi m, 1 giao dicm cia dudng ding nhiét 90°C vi dutmg ding thanh phin
90% KNO-. m, nam trong khu vuc k&t tinh cia KNO, nén né phan thanh hai pha.

Pha ran KNO, biéu dién bdi diém $ vi pha long Ia dung dich bdo hod bicu dién’boi m,
(90"C, 68%)

Ta tinh luoug theo hai phuong phip:
a. Theo quy téde don bdy:

Luong nudc bay hai (fy IE'I,_I.]];
Luong he ban ddu(m,)  fm,

F=100.20 77.8kg
90

Luong h¢ méi m,= 100- 77.8 = 222kg

m, la do i, va S tao thanh acén:

Luong pharanKNO; trongm, mm, 22
Luong h¢ méim, m,S 32

2
Lugng KNQ, trong m, = % 222 =15.26kg

Lugng pha long m; = 22,2 - 15,26 = 6,94 kg

Trong vi du 3 ta dd tng dung hai lan quy tic don biy
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b. Tinh Lipng theo phitong phdp v 1¢

Trong vi du trén nude va KNO, déu bien thien. nén luong tuyet doi eha mrée v KNO;

trong dung dich cudi m, déu chua bitbiing cich tim trude lugng ;.

20% . m, =A% . m

- = 100. o, 2. =222 kg
09

Nén luong nuse boe hoi = 100 -22.2 = 77.8kg. Va lugng nudc tuyét doi ¢6 trong o, la:

m,.105 = 22.2.10% = 2,22kg, lugng nuGe nay nam toan bo trong dung dich bio hod m,

(90'C, 68%).
Ap dung phuong phip ty 1é ¢é:

lenU mrcfc couwongm,; 222 32

demt' KNO con 1.11 trong m,; (\;} X 68

Luong KNO, két tinh = 100 . 20% - x
79
=20~ OB a0 47
1

i

1526 kg

Luong m, = Luong m, - Luong KNQ, k¢t tinh
=2272-1526=0694kg

Vidud

Cho he ban ddu Py(40°C, 70%) ¢6 khot hong 1a 100ke.

Tinh luong nude cin thém viio dé he tren dat hé méi cd th.l'd 1(1‘“

Gidi: Piém he mai P, (40" C, 70%) fa giao didm cia dll‘O’llé dang nhi(;l 40'C vi dudng

thanh phin khong doéi 30%.

Ta tinh luong theo hai phuong phap:

. Theo qay (Ge don bdv: hé méi Py liavdo hig ban diu P, vi nude nguyen chit Z. hop thanh
fii A - I : & .

nén:

_Lumw nuée thém \.10(.{) l ',_!;_: _ _4[)

Luong hL ban dau(P“) jpl" .30
40

Luong nude can them Z = e 100 = 133,33 kg

Tinh hiong theo plong phdp 1y 1¢: luong KNO, trong pha long cudi cimg d

0% = 70kg nén:

i biet 100 .
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Luong KNO, trong pha long cusicung 70 30 (102 Py
AR B A ru P,
Luong nude trong pha long cudicing(x) . x 70

— x =70 0 = 16333 kg
30

)

Luong nude can dé pha leing = X - luong nude ¢6 rong P,= 163,33 - 100. 0.3
= 13333 kg

" [V, HE BAC HAI MUOI NUGC CO TAO HOP CHAT UYDRAT

P6 13 hé ma mudi vh nudc cé phin (mg hod hoc o thanh cic hgp chat hydrat nhu
Nu,SO,.10H,0, MgCl,. 611,0, NaCl.2HL0... Thong thudng chiing ta thudng gip khong ngoai ba

loai h¢ tao hop chit hydrat sau:

1. Tao hop chat hydrat on dinh.

[~

Tao hop chit hydrat khong én dinh.
3. Tao thanh mét loat cac hop chal hydrat (ca on dinh vi khong an dinh).

A. DO THI HOA TAN HAT CAU TU MUO! - NUGC TAO HOP CHAT HYDRAT ON DINH

Nhict do, °C

I-m ________________
N,
!
IH ____________ IIL
!
i £
A
G — 11
rl N:
H,O ' b %KL Mu6i

Hink 8 He mudi - nude tao hop chat hydrat on dinh.
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Hop chat hydrat b c6 dudng holl tan ia I2BE,; . B la diém chay 16ng cua hgp chit hydrat,
16 nim d vi trf cao nhdt clla dudong hoa tan E,BE,. Dudng thanh phan Bb cla hop chit hydrat
phan dé thi thanh hai d& thi musi — nude don gidn L

H,Ob va muoi b

Khi lam Janh m tir nhiét do t,, 16 t, xuat hien tnh thé b. Lic nay di¢m he, di¢m long, diém
rén triing nhau tai B cho t&i khi pha long mit di thi nhict do méi ticp ye ha

Vi didm nay (diém B). Néu dp dung quy 1ac pha d& tinh do tr do ta s@ co:
C=2-2+1=1{nhit bién)

‘Thue ra ta phai trir di mot di¢u kién la thanh phin pha rin biing thinh phin pha long nén:
C =2 -2 =0 (khdng bién) la ding véi di¢u da trinh biy phia tren.

Nhu viy, ta c6 thé coi dudng phan giic Bb cli h¢ hai ciu tr tao mudi hydrat 6n dintt nhu
1a hé mot cau tir (vi du cho loai A ¢6 the 13y he MNO,).
8. PO THI HOA TAN HE MUOI - NUGC CO TAO HOP € HAT HIYDRAT KITONG ON BINH

Hinh 9 ta d6 thi hoa tan biéu kién cfia logi he trén, né ¢6 tao thinh hgp chit hydral C,co
dutmg hoa tan 13 RE, vai khu k&t tinfi cua hgp chat hydrat la CREC. Hé thi nay khice loal da
nghién ctiu trude a trén dudng hod tun khong ¢6 cuc dai - con didm R van 1a dicm bio hod

chung - nhung khong giong diém biio hoi chung E cuia phan trude.
T xé1 qua trinh lam tanh dung dich, xem diém R ¢6 tinh chil khde E nhu the ndo:
T = .

Ti¢p tuc 1am lanh tir m, —» m,: giai doan ket tinh muoi nguyen chat va he via dat td m,,

ty ¢ rin, 10ng sé

Pharinmuaib  Rm,

PhalongR  m,b

Pha long R ciing vira dat bio hoa hap chat hydrat C - quan be cin biang ¢ pha long R theo

phuong trinh sau:
.. =c+b

Tir quy tic pha ¢ do g do C =2 — 3 +1 = 0, nén tiep tye lun lanh thi: thanh phan pha
long khong doi, va nhiét cia heé cing khong doi.

Trong dung dich R: hydrat ¢ vit muéi b cung bdo hoa, khi lam lanh hai pha ran nidy c6
cling két tinh tich ru 1 dung dich R niy khong?

Vi diém R wnam bén trdi dudong cong thamh phin CC cua hydme € e la:

| »| =" .| Khilim lanh gia sirtir R chi ¢6 hydrat C” két tinh thi thinh phin cua dung
H.O ), H,0 .. :
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dich R s& dich chuyén theo hudng gidm nong do mudi vii nfu co ca b ket unh thi hudng chuyén
dich nay con nhanh hon.-Diéu nay khong phi hop vé1 quy tac pha (C = 0). Qud trinh Xay ra g
day la:

Pha rin b k&t tinh trude tan vio trong dung dich R dé bo sung lugng mudi thi¢u, con pha
rian mdéi tao thanh chi ¢é hydrat c.

Dung dich R + pha ran mudi b= pha ran hvdratc

A | . f

Nhiét da, °C

t
]
1
1
1
1

----- Sm,

S il

1 i b
M N,
|
A i
a I' C
m;
ILO Muor €7

Hink 9: 1 bac 2 mudi nuée 1ao hgp chat hydrat khong an dinh.

Ta goi diém bido hoa chung R - bdo hoi hai pha ran, Khi tam Janh ¢é mot pha ran tan ra va
moét pha rén tao thanh la diém cling bio hod di th hay diém chuyén.

Tiép tuc qué trinh lam lanh tr rong R mudi di ket tinh trude b khong ngimg tan ra va
hydrat C khong ngimg-duge tao thanh. Thanh phdn dung dich R thi bat bién nhung luong tuyct
dsi ngdy cang gidm do hydrat ¢ két tinh.

Pha rén dich chuyén tirb — ¢, dén ¢ thi rin b bién mal (tun hét) con lui la dung dich R va
ran hydrat C
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Quan heé vé lugng lic nay: ti€p tuc lam |
b sung, do vay phai 1dy mudi wong dung dich R lam cho dung dich R
chiéu giam mudi e 1a vé dén E (¢6 thé nhin bict dicu nay qua quy tic plm) =
g tir R dén E.
anh nude dd va hydrat ¢ cling k&t tinh cho dén khi

Piém heé dich chuyén tir m, dénm , Pidm ran tir ¢ dén ¢ . ditm 1o

hoa ciing thanh phdn (Gtecti) nén khi lam |

pha l6ng bién mal thi nhigt do mai tiép tuc ha

Qud trinh 1am lanh m, c6 thé (ong ket thanh bang saw:

anh, hydrat ¢ vin két tinh phung khong ¢6 mudi

phai dich chuyén theo
224 1=1

I [ diem bio

Qud Chua Mudi Nuge da | MatE. ‘ l
rinb | piohod | Kéttinh Lan Hydrat KT+ | Tigp e | Tong quy ‘
dén bio | muditinh | hydrat két tinh hydrat am | tich
Piém hoa KT KT lanh ‘
He 4" ’
' m,, M, m,_,m, M, m, 01, m, m; -, ‘ M, 1M, 0T
Pha . ) ‘ >
] m, M, m,_R R R I E Khong | m,m,RE
long i | |
— -
| Pha rin . ] : »
Khong Sm, .,b b ¢ my,.,m, - m:~ | Smbce’m
[ R Bttt
| (Musi] _{ Mudi
. Lan lanh dung dich Ny ¢o thanh phean: Muot > }__ug\
H,0 H,0 /...

N, dai di¢n cho cic diém nim gita ¢ va b.
Khi tam lanh he dat dén N, thi qud trinh xdy ra ciing la:
Dung dich R + pha ran muéi b phi ran hydrat ¢ két tinh

Nhung khi hén hop pha rin triing véi didm hé N, tic pha 1ong R mét di thi ran B két tinh
trude van con ma hrgng ducce tinh la:
L N ,
TN, b

Pha ran mudi b
Pha rén hy(Tmt ¢

Ticp e lam lanh diém hé (cting la didm pha rdn) s& di vao khu hén hop rin la muds va
hydrat.

b. Khi diéin hé ban dédu c6 thanh phé tring véi themh phdn ctia hop char C.Kbi lam lanh

d&n nhiet do 1, thi mudi rin b va dung dich R sé& ciing bién mat.
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C. PO THI HOA TAN MUOI — NUGC PHUC TAP

I.a d6 thi cha hé¢ tao nhiéu hop chit hydral ¢6 thé xem né 1a tap hgp clia cidc loai do th da
- nghién cuu & trén.

Vidu: H& NaOH - H,0

MgCl, - H.O
[ Ty PP
Nhiét do,"C A
2407 4
510k MgCl,.2H,0
180}
| MgCl,.4H,0 E
150
I
1207 D
ool MgCl,. 6H,0
60|
MegClL,.12H,0 30 c
\?’ B MgaCl,.8H}0
A
H,O 20 40 60 80 MgCl,

Hinde 10: He MgCl, - H,O.

D. TINH LUGNG BANG PHUONG PHAP CAN BANG VAT CHAT

Khi hé ¢d tao hgp chat hydrat, thong thudng trong pha 10ng cudi cling ca cic qud trinh
(lam lanh, co diac, pha lodng...), lugng tuyét dor ctia cde cilu ir déu chua biét. Trong trudng hop
do, dua vio dinh luit bio toan vit chat, ta lap edc phuong trinh cén biing vat chat d€ tinh luong
bién thién:
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Luong he = Tong luong cdc hop phin.

Diu tien dua vao d6 thi xde dinh % cdc cdu 1 sau dé nhan chiing v6i cic chi s& chua bigt
XY, Z. rong do X,y.z 1A luong tuong tmg cla pha rin, nuée bay hoi hay luong, d ung dich cusi
cung, chiing ta s& duge he phuong trinh d¢ giai tin ra cic chi s XY 2o

Néu ¢6 hgp chat hydrat t6n tui chidng ta dya vio cong thire phin tr cta ching de lap them
cde phuong trinh phu. Piu tien dura vao 6 th xic dinh % cdc cau ur sau d6 nhan chdng véi cde
chi 6 chua bidt x, Yoz .. trong d6 xy.z . 4 lwong lweng Mg eGa pha rin, nude bay hai hay
lugng dung dich cuéi cing, chiing tu s duge hg phuong tiah dé 214 im ra cic chi 56 x.y.z...

N¢&u ¢é hop chat hydrat 6n tat chiing ta dya viw cong thite phan tr cta ching dé {ap them
céc phuong trink phu. '

Nhi¢t do 'C A
70 - T

60 -

n
-

d

-10 -

230 - NaCl.2H,0

.  fla N
HO 20 40 60 80 %KL NuCl
Hinhi 1: ¢ NaCl - 1,0,
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Sau day [a vi dy cu theé:

Vi di 52 Cho He NaCl — H,0, ¢6 diém he ban dau m (40"C,40%) ¢6 khot luong la 100kg.

Pem m hm lanh tir 40'C xuene —21.2"C 1hi cd mudi 21?7 KEt tinh vor lueng 14 bao nhieu?
Y = - i =

Trong NaCl.2H,0 chia 62% NaCl.

Gidi: Tir bang 2 tra duge didm A(-21,2"C. 23.3%). Diém h¢ moi m; la giao diem cla

- dudmg dang thinh phdn 407 muéi va t,. m, chia thinh hai phin: Dung dich blo hoa chung A va

“ pha ran NaCl 11,0 bicu dién bot diem b,

34

Bang 2. 11¢ NaCl - H,O

Nhiet do,"C Bicm -. ¢ KI. NaCl o Pha rin |
-5 7,10 Nue di
-15 18,90 | Nurde da
212 A 23,30 Nude did + .NaCl.2H3()
o -20 - 23,30 | NaC1.21H,0 |
-10 2.4.‘){) | N;1C1.2113f_)
0,15 B 26,30 NaCl + Nal1.2H,0
25 26,45 NaCl
40 26,70 NaCl
60 27,10 NaCl
80 27.60 NaCl
100 28.25 NaCl
i 150 | 29.80 | N |

Ta dime phuone phip cin bing vt chat J¢ tinh lugng:
2 g1 g Vil L

Goi luong dung dich A la x kg, ugng NaCl HO Ta ykg

Tir cong thite phan 1l clia hydrat bit duse NaCl chiém 62%
Phuong trinh cin bang vat chat chung latm, = x +y

Viét phuong trinh cin bing vat chat ¢ho timg cau (r co:

Vi muot: 100,04 =0233x +0,02.y

V6i nuge: 100, 0.6 =0.767.x+ 0,38y

16.70
0.387

= 43.1kg

Luong NaC1.2H,0 két tinh 1a 43, 1kg, con lai [a dung dich A



100 — 43,1 = 50,9 kg dung dich A
C6 the gidi dé ren bing quy tac don bay

Elgng hy_ﬂml b(r_\mu.zlg_;(__)} 3 }'_\_ml

Luong he m, AB
Luong hydrat b= 167 J00 =431 kg
38,7

L. UNG DUNG THUC TE CUA DO THI BAC 2 MUOIL - NUOC

D6 thi hod tan mudi — nude chi ¥&u duge dung d¢ xem xé kha ning che 1o mot loai
mudi, xdc dinh di¢u kién cong nghé va tinh todn vé luang.

Sau day ching ta o6 the néu 1en ba vim dé di duge tmg dung:

[T ket tinh

bui bo phan cic musi duge sdn xuidt déu ¢é chia MOl So L chat L tap chat hod tan va tap
chat khong tan (nhu cir, bui..). Tidi ket tinh L@ dem hod tan musi de ticn hinh loc bo tap chat
Khong tan roi kel tinh Tai, lam nhu vay 5¢ thu duoe san phim ¢é do tinh khiét cao hon. C8 (hé lay

vidy vige tinh ch& (NH,),80, - H,0
Bang 3118 (NH .80, - 11,0

BDi¢m Nhiet dg, 'C Ce KL NI LSO, Pha riin
-1] 286 '
A 19,5 “ w4
0 414
20 | 130 |
40 41,8
60 16,8 |
80 8.8 "
100 s08
| 10%.9 518 ]

Bién phip chiing t dinh lam 14 hoa tan muéi the & nhiét do cao, loc bo tap chit khong tan
sau d dura vao diéu kién k¥ thuat cho phép va tinh hop 1y vé mat kinh ¢, vi vay nhiét do Llam lanh
cudi cimg la 10°C - thap hon ¢6 loi vé mat k&t tinh mudi nhung tén kém vé dau ur thigt bi lunh.
Nhigt do hoa tan chon 80'C - cao hon s¢ ton nhicn licu. Nong do dung dich sau khi k&t tinh

(nude ot co nong do Y(0).6 Fam Lunh d¢ két tinh - dem phan Ly sin pham xong ticp tyc gia nhigt



nude 6t dé hoa tan mudi tho 16 lai twidn hoan theo quy trinh nhy wrén. Chon nong do va nhiét do

clia qué trinh thao tdc duge,

Nhict do."C T A
100 |
8ol |
0 4 /_ ................... LK
60|
40|
20|
Y Y] -7
0 R
20k
A
1,0 20 40 60 80 %KL (NIL,),S0,

Hiuh 12 He (NH,S80, - 11,0.

Nhu vay dung dich thuoe sau ¥am lanh xudng 10°C la y (glao diém cla dudng dang nhiét
10°C va dudng bao hok AA™) y(10"C, 429%) nudc cii lanh.

Dung dich nay néng lén 80°C 1a O (80°C.42%).

Giit 80'C them (NH,),S0, vao O duge P (80°C,47.5%) dung dich nong.

Sau khi 1am lanh dung dich P duoc he sau {am lanh (dén 10"C) la R: R{10°C, 47,5%) he

sau lam lanh.
San phim thu duoc 12 rin Z (16°C,100% ) san pham.

Nguyén li¢u tho: K (80"C,100%) - (coi nguyén li¢u chi ¢6 (NH,),S0, + hop chat khong
tan)

Neéu dung dich la 100kg thi qua trinh va quan he vé lugng € nhur sau:
Tang nhiét do clia dung dich y 1én 80"C duge he O chua bio hoa (NH,),S0,

Thém (NH,),80, tho vao O lam néng do mudi frong O tang din O —»P nam sdt dudng
AA’(diing theo 1y thuy€t thi phai nim trén dudingAA’ nhung cé xét dén su gidm nhigt do va
mudi két tinh tdch ra nén dén gan AA™)
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Giir nhiét do 80'C he P dé loc bo tap chdt khong tan sau d lam lanh dung dich P
xuong10"C duge hé musi R

R s& phan thanh sin phiam Z va nude cii (dung dich) con lai y.

Sau d6 qui trinh thao tic lai tidp tuc tuiin hoan theo yOPRy. Moi lan nhu vay san pham
sach dat dugc 1a W kg

LugngW _ yR

Lugngy RX
W =100, =10,5kg
52,5

Luong (NH,),SO, tho cho vao cling nhu vdy. .

Xem ra viéc lam niy khong cé ¥ nghia may, thyc t& cdn phii xem xét phan ram tap chat
chia trong (NH,),SO, va su tén 1hal trong qud trinh thao tdc nén lugng nguyén li¢u tho phai
~ nhiéu hon - cdn phén tich trén do thi pha chi cho ta cdc chi dao vé mat nguyén tic 1y thuyét.

2. Lanh dong diéu ché' mudi

Tir dung dich nude muéi NaCl ¢6 ndng do cao dé két tinh duge NaCl ¢6 tinh thé ¢6 hai
phuong phép: Co dic ket tinh va lanh dong dé ket tinh

Ngiyéun tdc cia phitong phdp lanh dong:

Nude musi bio hod & nhi¢t do thip s& 1o nén NaCl.10H, 0O, nhiét do cang thdp qud trinh
trén xay ra cang nhanh.

NaCl.10H,0 khong on dinh ¢ nhiét o 0,15"C tr6 1én nén dem NaCl. 10H,O tang nhigt do
len 5'C 1a ¢ thu duge NaCl
' t>0,15"C
NaClL10H,O0 —— % NaCl + H,0T

Dung dich nudc musi ¢ ndng do 23,3%. Néu lam lanh dén - 21,2°C sé két tinh tao dugc
mot luong 16n NaCl ¢6 thé dat 16i 20% lugng mudi c6 trong dung dich ban dau.
3. Didu ché'chat lam lanh

Dua vio nhiét do va think phan diém bdo hod chung (diém Otecti) clia nude di va mudi
trén dé thi pha ta s¢ chon duge va phoi ¢hé ra chit lam lanh

Pa phén cic mudi khi hoa tan hod 16ng s& thu nhiét - ta lgi dung tinh chis nay dé ha thdp
nhiét dd cho moi trudng.

Vi du: Diém Otecti ctia hé CaCl, - H,O 13 - 55°C cdn ciia hé NaCl - H,0 1a -21,2°C
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Chuong II: HE BA CAU TU MUOI - NUGC

I. KHAI NIEM CHUNG

L.a hé do nude va hai mudi ¢6 chung mot ion tao thanh.

Vidy : KCI- NaCl - H.0, NSO, —NaCl - H,O, Ton chung ¢6 the I cation hodc anion.

Tir quy tic pha C,,,. = 3 -1 + |= 3, e bién s6 doc lap cta be la 3 d6 L nhiet dé viu ndng
do chia hal mudi, vi vay bi¢u do trang thai cia he phai la bicu do khong gian. N6 s& the hién mét
cach hoan thién trang thdi cua hé - nhung kho lap vioang dung. Vi vay, ching ta chi sir dung dé
thi dang nhiét nén

C=3-1=2
Hai bién s6 doc 1ap con lai [ ndng dé clia hal mudi. Vivcie diém trén dé thi hoa tan bidu
dién mai quan he tong ho vé do hod tan cua hat muoi.
I1. PHUONG PHAP LAP DO THI VA BUA CAC PIEM LEN PO THY
A. CACH LAP PO TlI

He bac ba c6 thé duge bicu dién bai bon loai dé thi phang sau day:
He toa do tam gidc déu.
Heé toa do tam gidc vudng can
Hé toa do vuong géc
He toa do vuong khép kin
1. Do thi tam gide déu (hinh 13)

Dung dich m chira 10 g cau tir A, 30g cdv wr B, 160g nudc
Tinh chi 86 d6 thi cia diem m, 10 +30 +160 =200

. 0
Caun tur A: lOO.—-]-_—-- =5
200

. 3
Ciute B: 100, O =15%
200

Ho 10090 ~goa
200

Ba dinh tam gidc biéu dién nudc A vi B nguyén chal,
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Ba canh cta twm gidc bicu dién hé hai cdu e A - H,0. B-H,0, A - B.

Cic diém ndm trong tam gide biéu dién hi¢ ba ciu 1.

Thanh phin cic ciu tir duge bicu dién bing % khdi luong.

A

60

80

iLO N 80 60 40 20 B
Hinhl3:He A - B - H,O, %KL.

PGS thi trén duoe thanh 1ip trén tinh chit cla tam gide déu la:
Tir mot diém bat k¥ trong tam gide déu ké cde doan song song vdi cdc  canh cua tam gidc
thi tdng s0 cdc doyn ¢t trén cdc cunh bdi nd bang mot cynh cua tam guic.

Viduy: T diém m ké cde dudng song song voi ba canh chting ta s€ €62

KH,O + QB~+O0A = Mot canh clu tam gidc

K—H,_() = LB trong dug véi ham lugng cua ciu tf A trong m.
OA = WO tuong tng vai ham lugng cua cau tr B rong m.
AP=QB trong tng véi hiim lugng cna H,O trong m.

Nhur viy:

- T4t ca cic diém nam trén duding song song véi diy s¢ dai dién cho mét thanh phin
khong doi ctia cdu tir g dinh dor dién.

- Céc diém nam trén dudng ké tir mot dinh cia tam gidc dén canh d6i di¢n biéu dién 1y 1¢

thanh phin khong déi cia hai cilu 1 bicu dién & hai dinh Kia.



2. D6 thi tam gide vuéng can (hinb 14)

Tren dé (hi: Gée vuong bidu dién H,O nguyén chat. Hai dinh con lai bieu dién hdi mudi
nguyen chit. Nong do cic cdu wr duge bidu dién = KL hoiic % phin tit.

D6 thi tam gidc déu v tam gide vuong cin khong ¢o sal khde lon

Néu chi vi muc dich ding dé thi dé ¢6 58 ligu tinh todn thi nén dung cdch biéu dién trén
dé thi tam gide vuong can.
3. H¢ ba mudi - nide biéu dién trén tog do viong ¢oc (hinh 15)

) e e i . . mudi .
Hai truc biéu dién ndng do dung dich tinh bang & B
100g nudc
Ag Bg

& 3

100g1,0  100gl1,0

Hai mudi nguyen chit duge bi¢u dién o vo cyc cua hat truc.

Loai nay duoc ding trong trudng hop ¢o su bién thién ndng do dn. (khong dung quy tac
don biy cho loai dd thi nay).

A

0
80 —
60
40 —
P
20 M

~

N mp

K L \\ | \

i | | t
NSO Q 60 40 20 B

H,0 Hinh 14: He A - B- HO, %KL,

4. D6 thi toa dé hink vuéng (hinh 16)

o e . 100 B.100
Truc AB bi€u dién % mudi Kho A 109 hoac
A+B A+B
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Truc tung biéu dién s6 g H,O trong 100g mudi kho

A
_AB 1
100 g nudc L
30 N
20 |
10
6,35 1 L
0 .
} t f >
H,0 101575 20 30 B
Hinh 15:He A-B- 11,0
Gée vuong bidu dién nude nguyén chat.
B. BIEU DIEN CAC DIEM HE TREN PO THI
Vi du : Dung dich m chifa 10g muéi'A, 30g mudi B va 160g H,O.
1. Biéu dién Ité 1 trén tam gide déw: hinh 13
gH,O/ 100g
mudl kho
500 L
a00 [N K
300
200
100
| ; [l 1 L
A 20 40 60 80 B

% KL mudi kho
Hinhl6: He A - B - H;0.
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Ta phai tinh ching ra % khoi luong:

Téng khéi luong clia hé 1a: 10 + 30 +160 = 200 g, trong d6 ¢é: 5%A.,15%B vit 80%H,0.
Trén hinh 13: Trén canh H,O A 1dy 5%A ké dudng song song véi H,O B la KL.

Trén AB1dy AO twong ting 15%B, qua O ké ON song song vai A H,0.

Piém giao nhau ciia KL va AO chinh 12 diém hé m.

2. Biéu dién hé trén tam gide vuong cdn: hinh 14 cdch jam nhur trén.

3. Biéu dién hé tén toa dé vuong gée: hinh 15 diu tién phai tinh thanh phén céc ciu wr

theo gmudi/100g H,O.

10
voi A: — - .100 = 6,25g/100g H,O:
60 g/100g H,

30
v6i B =100 = 18.75g/100g H,0.

Goe 1a H,0: 1dy H,O tuong tng18,75g B/100g H,0, ké ON song song voi (ruc tung. Lay
trén true tuing H,0 K tuong tng 6,25gA/100g H,O, ke KL song song véi tryc hoanh. Giao Aiém
clia dudng ON va KL chinh la diém hé m.

4. Biéu dién hé trén toa do vudng hinh 16,
Ta phai tinh him lugng cba mudi va nude theo 10ng mudi kKho.

Téng mudi trong m 110 + 30 = 40g

trong do :
i0
Ar =~ .100 =25g/100g mudi kho
40
30 e LLA
B: — .100 = 75g/100g muéi kho
40
160

H,O: A0 100 = 400g/100g mudi kho

Trén truc AB tim diém thanh phan cta mudi kho L

Ké KL song song véi truc tung, 1dy tir L dén K mot doan = 400 r6i ke dudng NO song
song vdi truc hoanh.

Giao diém cia LK va NO chinh 1a diém hé m.

Vi cich 1am nhu trén khi ¢6 bang 6 licu hol tan hoan chinh chiing ta s lap duge mét d6

thi hoan thién.
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[IL. CAC LOAI DO THI HOA TAN VA SU PHAN TICH CAC QUA TRINH TREN DO

THI

A. DO THI HOA TAN DON GIAN NHAT
Néu hai mu6i trong hé ba cdu tir chi két tinh mudi khong ngam nudée thi do thi cua no 1a

don gian nhat. Hinh 17 1a d6 thi biéu kién clia loai gian d6 nay.

AX

H,O

b
Hinh 17: He AX, BX — H,O. Do thi hoa tan don gian nhal.

Ba dinh biéu dié11~H20 vi AX, BX nguyén chat.
3 BX trong H,O & nhiét do C(’C). Vidu o't
ay doi, két qud ta duge dudng hoa tan ctia AX L

°C ta thém dian mudi

Piém ab bidu dién AX v
a all. Tuong

BX vio a thi do hoatan clia AX s€ th
ty ta dugc dudng hod tan clia BX 1a bE.
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Bang 4: Hé NaCl - KCI - H,O

% KL pha long

' Nhiét do 0°C biém NaCl < Pha ran
25 a 26,45 0.00 NaCl
21,00 10,00 NaCl
Eoe 20,40 11,15 NaCl + KCl
15,00 14,50 KCl
o 10,00 18.50 KCl
b 0.00 26,40 KCl
c 28,20 0,00 NaCl
22,70 10,00 NaCl S
17,60 20,00 NaCl
E 16.80 21,70 NaCl + KCl
10,00 27.10 KCl
5 d 0,00 35,90 KCl

Hinh 18: He NaCl, KCl, H,0, 25'C, %KL.

KCl




Dicin bao hoi chung hai mudi E goi fa di¢m Otecti.

N&i AXE. BxE sé chia dé thi thanh bon khu vue:

1. aEbH,O khu vie dung dich chua bio hod:

(Vi du : di¢m K bat k¥ trong khu vige niy la didm biéu dien dung dich chua biio hoad)

Khu viie AXaE vii BXbE Ja khu vye ket unh clia mudi AX va BX. Mot diém bat k¥ trong
khu vire niy déu do hai pha tgo thanh. Vi du: he L I do pha riin AX vivdung dich bio hoa AX/g
i;_u‘)I thanh. Quan hé vé luong gilta ching

_ Luong pha ranAX :_:_]
Lugng dung dich biio hoa AX AX L

Tam gidgc AX BX E 1 khu v ba pha: Musi AX, muéi BX v dung dich bao hod chung E
tao nén, quan he vé luong gilta chiing ¢6 thé ding hai ldn quy tic don bay dé 1inh. Vi du diém hé
M

_ Lugngpharin AX +BX(6)  _ I‘TP:
Luong dung dich bio hoa chung E ™M
Lurgng pha rain AX fBX
Luong pha rin BX fAX

Theo trén dé thi pha cho ching ta biet trong mot diéu ki¢n nhit dinh he tao thanh bai AX
_BX, 11,0 thuoc trang thdi nio (¢ mdy pha, thanh phan cia cdc pha nhu the nao?) va moi quan
hé vé lugng gilta cdc pha.

D6 thi pha con bicu dien duge mot loat trung thdi can bing cha mot he. Trén hinhi8 lay
diém hé chua bio hoa 1a dung dich 1 di xétqui trinh co ding nhier ¢ 25°C.

Trong qud trinh co chi ¢6 H,O bay hoi. con luong tuydt 461 cha mudi vaty 1e vé luong cua
hai mudi ciing khong thay doi. Nen diém he <& dich chuyén theo dudng H,O.1. Viduy c6 dén can
(diém 4) dimg lai.

Lich 1rinh ¢o & qua ba giai doan:

Tir 1 - 2 dung dich tir chua bio hoa dén bit diu bio hoa KCl

. Luong nudce bay hoi 1-2

Lugng hemdi2conlai | [26 |

Tir 2 - 3 do ¢o mit nude, KCI s& khong ngimg ket tinh tich ra tir dung dich khi€n ham
luong tuong doi cia NaCl trong dung dich tang din khign diém thanh phdn dung dich bdo hoa
(pha 1ong) dich chuyén tir 2 theo JE,.vé Fys, he dén 3, pha rin vin 11 KCl, khi d6 dung dich bat
ddu bdo hoa them NaCl

Luong nude bay hoi

)
I
W

Luonghe méi3 11,0 -2

1.4
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Lugng dung dich cung biohod E,; 3-KCl

Lugng KC1 két tinh 3-E..

3. Tu 3- 4 nuée bay hoi, NaCl, KCI cimg két tinh, pha long ¢é thanh phan bat bién {trudc
sau van E,;) cho dén khi ¢6 can, diém hé va diém ran triing véi dicm 4.

a

Luong nudce bay hot 3

Luong pha ran hén hop (NaCl + KCI) Y ,0-3

Lugng pha rdn NaCl _ 4 -KCl
Luong pharain KCl 4 — NaCl

(Trong dé bao gém ca két tinh clia giat doan 2 va 3)

Cdn L y: Thanh phan pha long E bl bicn 12 do lugng nude bay hoi, musi két tinh déu
theo ty I¢ thinh phan ctia By . Thue ra hén hop ran két tinh tich ra & giai doan nay duogc biéu
dién bdi diém pha ran X - tong rin cba hai giai doan niy 1a 4 - wic li wong giai doan 3 cing véi
sy hinh thinh K 14 su xam nhap cta KCI di két tinh & giai doan 2 vio hén hop rin lam cho diem
hdn hop rin chuyén din dén 4. '

Thanh phan E,; bat bién ¢4 thé thay qua quy tic pha.

C=3-3=0

Nhung luong tuyét doéi cna E,, thi it dan.

Cdc quy tic ndi dudng thang va quy tic don bily déu tng dung duoc dé tinh luong trén
loai do thi nay.

B. DO THI HOA TAN MUGI - NUGC IE 3 CO TAO HOP CHAT HYDRAT

Néu mudi trong hé ¢6 the két tinh thanh hop chat hydrat thi dé thi ctia he s& phic tap hon,
¢6 thé chia ching thanh hai loai sau:

I Chi ¢6 mot mudn tgo hydrat, do thi chi c6 mide diém bdao hoa chung.

Ngoai cac khu ta di biét c6 thém kb két tinh coa BX.nH,0: Bx.nH,O.F-b va khu toan rin:
AX.Bx.nH,OBX. Khi lap dd thi loai nay chiing ta chi y xac dinh thinh phin ¢t hgp chat hydrat
trude (theo cong thire phan 1. Vi du ddu diém thanh phan cia Na,S0,.10 11,0 wén hinh 20.
Dua vao cong thitc phan tir ta tinh duge trong hydrat ¢6 chita 44,1%Na,SO,. Réi dat né [én wruc
H,0- Na,SO,.Ta xét qui trinh ¢6 dang nhiet dung dich 1 trén hinh 20

Giai doan 12 Tdch 11,0 dén 2 bit diu biio hod Na,S0,. 10H,0

Gial doan 2—3 Tich H,O, Na,SO,. 10,0 két tinh. Hé 23, long 2—-E diém E bat diu
bdo hoa NaCl.

Giai doun 3: Hé 3—4: tdch H,0, NaCl, Na,SO,. 10,0 cing ké1 tinh.
Pha long bt bién ¢ E cho dén khi pha rin dat dicm 4 thi mit long.
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Hin 19: D06 thi h¢ bac 3 tao hop chit hydrat.

NaCl

Na,S0,

b Na,S0,.10H,0

Hinh 20: He NaCl - Na,SO, H,0, "C %KL.

Giai doan 4; He di tir 45, khong con long. Thue chat diy 1a giai doan thodt nudc cia
N2,50,.10H,0 d¢ tao Nu,50,

Pén 5 qud trinh thodt msée hoin tat hé con lai 1a hén hop rin: NaCl va Na, S0,
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2. Chi €6 mot imudsi tao hvdrat, d6 thi ¢6 hai diém bio hod chung

Hinh 21 i d6 thi loai ndy, ngoai khu két tinh Bx. n1LO con ¢é khu két tinh cda mudi Bx

ang vai dudmg d hoa tan PE. Chiing ¢6 hal diém bdo hoa chung 1 Py I,

;’\ X

H,0 b Bx.n H.0 BX

Hinh 21 e tao thanh hyp chit hydrat ¢ hai diém bio hoa chung.

Bang 5. 11¢ NaCl — Na,S0O, - 1L,O

a . , TP % pha long ,
Nhig¢t do 0'C Biem ) o Pha riin
NaCl NSO,
1 0 a 26,30 0,00 | NaCl o
’ [ 2565 1120 ENaCl + NSO, 10 H.0
20,00 LI0 NaSO.101LO B
15,00 1.20 Na,$O,. 10 H.0 ~
L 10,00 1,60 Na,S0,.10 1,0
-. 500 2.80 | NaySO,10 1,0
b 0.00 4,60 Na,SO,.10 H,0
25 a 26,45 0,00 NaCl
2500 | 2,80 NuCl
E 22.90 6,90 NuCl + Na, S0, N
20,00 9,00 Na,SO,
1500 114,00 NSO, |
P 14,00 15,00 Na,S0,+Na,80,. 10 H,0
10,00 15,60 Na,SO,. 10 1LO
5.00 17,80 Na.S0,.10 1,0
L b 0.00 21,80 | NusSO.I0H,0
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Na, S50,

b Na,S0,.10 H,O
Hinh 22 He NaCl - Na,SO, - H,0, 25'C, %KI..

Qud trinh 6 ding nhiét trén logi hé ndy dui thé nhu phia rén da trinh bay chi c6 mot it
Khdc biét nho. C6 thé 1ay vi du trén hinh 22 do bang 5 v& thanh cua he NaCl - Na,80, - H,O -
25%KL. Diém he ta 13y nghién ctu la diém 1 Toan bo qui trinh co dang nhiét dung dich | ¢6
thé chia lam nam giai doan la:

Dung dich tir chua bio hod dén bio hoa Na,50,.10H,O; Na,SO,.10H,0 ket tinh;
Nu,S0,. 10H,0 thedt nudc; Na,SO, ket tinh, Na,SO, va NaCl ciing két tinh. Ta cht y gial doan
thoit nirde cia Na,50,.10H,0 {3—>4).

Khi ¢6 tuy 12 Na,SO, va Nu,SO,. L0H,0 ciing bdo hoa nhimg khong phai-ca hai cuing ket
tinh ma xay ra qud trinh thodt nude sau:

N1,50,.10H,0 — Na,S0, + 10 H,0%

Pé tao hdn hop tinh thé, diém thinh phdn pha rin s& dich chuyén tir Na,50,.10H,0 dén
Na,50, .

Khi pha rin dat Na,SO,, h¢ dat dén 4, chling t6 qud trinh thodt nudc hoin 14t. Pha rdn
hydrat mat thi:

C=K-d=3-2=1

Neén tiép tuc ¢o do Na,SO, két tinh (pha rin) pha 1éng dung dich s& tr P dén E cudi cling
cocan o k.

Piém E ia diém biio hoa chung ctia hai mudi ma khi ¢o thi ca hai cling ket tinh dén khi co
can
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Duoc goi la diém biio hod chung cing thianh phin - dic diém la né nam trong tam gidc
thamh phin do hai mudi bio heid va nude wo thanh (tam gidac H,O, Nu,SO,, NaCl)

Piém P lia diém bio hoa chung khong cung thanh phdn hay goi la diém chuyén - né nam
ngodi tam gidc thinh phan (tam giic H,0. Na,SO,.10H,0, Na,S0,).
C. GIAN PO BAC BA MUOI - NUGC TAO MUOT KEP

Hai mudi ¢6 thé k&t hop v6i nhau d¢ tao thanh muéi kép. Ching ¢d thé quy nap thanh hai
loui;

1. Tuo thah muoi kép neong hiop

linh 23 d6 thi tao mudi kép twong hop khan hinh 23°d6 thi hé tao mudi kép tuong hop cé

ngim nudc.

Bi¢m thanh phdn cla muéi kép li D vis DnH,O

Mudi kép tan tuong hop (turong xtmg) 1a mudi kép khi hoa tan khong bi phan huy, khi co
dac dung dich ¢ thanh phian mudi kép thi muoi kép dd6 lat két tinh.

Vi dy: Phén nhom kali: K.SO,. AL (50,}..24H,0 khi hoa tan thanh dung dich bio hoa thi
16 van giit duge tinh chat cia phén nhom mi nd khong bi phan huy.

Néu dem ket tinh dung dich ¢é thanh phin cic mudi K,S0,, AlL(SO,); theo ty 18 cia no
trong phén nhom lai ket tinh lai.

Vi loai hé ¢6 tao mudi kép tan twong hop (D) thi dudng ndi 11,0 véi mudi kép cit dudng
hod tan cla mudi kép (E,E,) va chia tam gidce thanh hai he bic ba don gian:

BX

Hinfi 23: D6 thi bic ba tao mudi kép tuong hop khan,
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Hinh 23 : 11& 1o mudi kép twong hop ngam nuGe.

V{ du: Hinh 23: dutmg 1L,0OD cit B, I, va chia tam gide Ax. Bx, H,0 thimh hé AX-H,O-D.
BX-H,0-D. [,, E; 1a hai diém bito hod chung cua hai h¢ ba dan gian.
Khi tién hanh qud trinh co dang nhiét, h¢ co thanh phan ndm ding tren duong noi 1,0 vii
muéi kép (H,0.D, H,0.D.nH,0) th diém co can cudi cing 14 diem T (La di¢m giao nhau gilfa
"dudng bio hoi E E, vi dudng H,O muoi kép). Vi ban than dudmg H,0 muoi kép ¢6 thé col nhu
dudng bicu dién cia h¢ hai ciu tir: {D. 11,0, D.nil,0 - H,O).
2. Tao muoi kép tan khong tiwng hop
Pay la mudi kép khong thé tao duge do ¢o ket tinh mot dung dich ¢6 1y 1¢ thanh phan ¢l
cdc mudi nhue mu6i kép (nbu dung dich ¢o thank phin nam trén dudng no1 H,O vai mudi kép) va
khi tiép xiic voi H,O nd s€ bi phan gidi. Pem co ket tinh lai ¢hi ¢6 mot trong cic mudi 1o mudl
kép két tinh.
Pac didm clia d6 thi logi nity la duong noi H,O - Mudi kép khong cit duding hoa tan cia
mudi kép
Nguoi ta tng dung tinh chat nay dé diéu che KCl i Cacnalit:
KCI.MgCl,. 61,0 +nil,(O = KCl + MaCl, + (n+6} HyO
Cint ¥: Viéc phan chia he tan tuong hop va khong tuong hop chi 1a wong doi vi rang ¢o
thé ciing mot hé nhung & diéu kien nay né 1a tuong hop nhung & didu Kien khic nd Ja khong
wong hop. Trong 3K,50,.Nua,80, ¢6 78.6% K,50,.

Ta xé1 qua trinh ¢d dAng nhigt trén do thi hinh 25 (duoe xay dung theo & ligu cua hang 6)
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Dung dich ndm trong tam gidic ABMH,O A khi 1ién hanh c¢6 déing nhiét, qud trinh xay ra
giong nhir trong hé don gidn ma ta di xét & trén.
Ta xét cu thé dung dich nim trong tam gide H,0 LA H,0.

Xét dung dich 1 nam bén trdi dudng H,O G va dung dich 3’ nim phia bén phai dudng
H,O G.

Bung 6. Hé Na,S0, - K,S0,- H,0, 50'C

%KL pha long
i Diém Pha ran
K.SO, Na,SO,
L 14,19 0,00 K,S0,
A 13,80 5,68 Na,50,+3K,S0, Na,S0,
B 5,85 29,40 Na,50,+3K,50,.Na,80,
M 0.00 31,60 Na,S0,

Dung dich 1: Hai giai doan dau khong ¢6 gi dac bict (152 va 2—3)

Heé dén 3 thi dung dich 1a diém bio hod chung A

Ticp tuc co he tir 3 dén 4. Dung dich dimg & A. Rin dich chuyén trén K,SQ,. Na,SO, vé 4

Dung dich A tuy 1a cling bdo hoa K,SO, vi G nhung hai mudi niy sé khong ciing két tinh
ma K,SO, két tinh trude s& tan ra, con G s& két tinh theo cong thic sau:

Dung dich A + K,SO,(rdn} — Musi kép G4 + H,071

Theo quy tic pha C, = K - ©. N€u ¢6 ba pha (6n tai (luong A, rin K,S0,. rin G) thi C, = 0
tic thinh phan dung dich s& bt bich. Vay tai sao K,SO, két tinh trudic lai tan ra? Vi rang dung

. . . . K,S
dich \A ndm phia phai cia dudbmg H,O uic la: ("‘—OiJ <{—K§&] .\
Na 2 So“l‘ dunudichs N‘d 2 SO4 mui kip G

D8 ascaes=186
568 T 214

Néu chi ¢6 mudi kép G két tinh tir dung dich A thi him luong K,S0, sé giam dan. dung
dich nay ciing s& dich chuyén tir A—>B. Diéu nay 13 khong duoc khi tén tai pha rin K,SO,. Thure
1€ K,80, rdn phai tan ra dé bé sung cho dn vio dung dich A.

Do dung dich ban dau 1 nam phia trdi ciia dudng nude mudi kép tifc 1a:

[ KESQ_.}I_] )( K,SO, |
NaQSO‘q' dung dich | Na2504J

muci kip G

52



Khi qud trinh ¢6 két thic (diém 4) K,SO, van con thim t

at dung dich wong ing ciing s& co.
cun theo thanh phin A.

H,O

BX

Hinle 24: D6 thi hé tao muoi kép khan khong wong hop.

AX

BX

Hinlt 25. D6 thi hé 3 two musi kép ngam nudi khong tuong hop.
Dung dich 3: Khi co ding nhiét dung dich 3, ba giai doun diu (3" 24 )4 -5 K S 267y
tinh hinh xdy ra giong nhu diém 1.

Khi di€m hé 1a 6” thi pha long 1a A, ran la thuin G, K,S0, két tinh & giai doun trude d

a tan
dé chuyén thanh G hoan tat - s6 pha chi con 1a 2 (ran G vi dung djch A) nén

C=K-®=3_2=]



Na,S0,

Hinl 26: He Na,SO, - K,$0, - H,0. 50°C, %KL.

Tiép tuc ¢o6, dung dich 8 khong 6 K,50, bo sung khién ham lwrong K,SO, giam dan nén
dung dich s& dich chuyén trén AB ddn vé B, h¢ dat dén 7" dung dich sé 1i dung dich bao hoa
chung B.

Tiep tuc ¢o s& c6 mudi kép G vi dung dich Na,SO, cling két tinh. Dung dich bat bién ¢ B
cho dén khi co can. Diém 3’ khic diém 1 diém 3° nim phia phai dudng H,OG tie: (tia két tinh

muéi kép)
K,S0, [ K.80,
N&l)_SO_‘ dung divh 3 N33304 [N

Neén 1oan bé K,SO k&t tinh trude két hop véi Na,SO, trong dung dich dé tao thinh G vin
con du Na,SO,

Trén biéu dé thé hien 1a dung dich A dimg lai, néu tidp e o s& 191 A vé B vi cudi ciing
cOcan o B.

bi¢m A 1a diém chuyén: Diém bio hoa chung di th¢ (né nim ngodi tam gide thanh phan
H,O K,80,G). Nhung né khic diém chuyén trong hé 1a0 hap chat hydrat 1a: Trong diéu kién



nhat dinh nd ¢6 thé 1a diém ¢o can. (vi du: hé nam trong tam gidc H,O G K,50, {trong hé tao

hop chat hydrat thi day khong theé 13 diém co can)

D. PO THI HOA TAN MUOI - NUGC BAC BA PHUC TAP

Bang 7: He K,80, - MgSO0, - H,0. 25°C, %KL

. GKL pha long )
biem Pha riin
K,S80, MgSO,
a 10,75 0,00 K,S80,
10,90 5,00 K,S0, _
10,90 10,00 K,S80, i
P 10,80 12,60 K,SO, + K,80, .Mg80,.6H,0
9,20 | 15,00 K,50, .Mga50,.6H,0
6.60 20,00 K;50, .MgS50,.6H,O
440 25,00 K,50, .Mg80,.61L0
E 4.00 26,30 K,80, Mgs0,.6H,0 + M.gSOJHE()
0,00 27,00 MgS0,.7LO

K80,

Iinh 27: He K,80,- MgS0,-H,0, 25%, % KL.

Day 1a hé ¢6 d6 thi 1a tdng hop cha cdc loai dé thi ta da timg nghién clu qua ¢ phan trén.
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Bang 8- He KO- MgCl; -H,0

| Picm %KL Pha long \ Pha rin
L KCl MgCl, |
L 26,40 | 0,00 KCl
1490 | 10,00 KCl
670 120,00 ka
:_— | %,40 26,90 KCl + KCI.MgClTGHEO
1.10 30,00 KCl. MgCl,.611,0
E 0.10 35,60 KCl. MgCl,.6H,0 + MgCl..611,0
b 0.00 35.60 MgCl,.6H,0

C6 the 1dy vi du nhu hé K,S0,- MgSO,- H,0. 25"C,KCl - MgCl, - H,0. 25"'C duoc trinh
bay o hinh 27 vi hinh 28

Trong K,50,. Mg50,.7H1,0: K,50, chiém 43,2%, MgSO, chiém 29,8%
Trong MeSO,. 7H,0: MeSO, chicm 48 9%

Trong KCLAMeSO,6H.0:K,S0, : KCI chiém 26,8%. MgCl, chiém 34,2%.
Trong MgCl, . 0t1.0O - MgCl, chigm 47%.

MeCl,

FMgCl, GH,0

KO MgClL.6H,0

H.O : _ (]

Hind 28 He¢ KCl < MgCl,- 11,0, 25'C, %KL
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E. HE BAC BA MUOI - NUOC CO TAO TINH THE HON TAP

Trong mot s6 it hé¢ ba khi két tinh thi think phin pha ran khong phai la hop chit hod hoc
don (mudi tinh khiét, hydrat, mnoi kép) ma la mot dung dich tin- no 1 nhimg tinh thé ¢6 thanh
phdn bién doi lién tuc tuong ng vai sy bién d6i thanh phan vé lugng clia pha long. Dung dich
rin nhu vay goi Ja tinh thé hon tap.

Bing 9- 11¢ K,80, - (N11,),80,- H;0, 25"C

; ’7 | ¢% KI. Pha long | Pha ran I|
- Diém %KL !
K.S0, (NH,),S0, (NH.).SO, Cong thic phan iy ]
] 10,79 0,00 0,00 K,SO, |
2 9,03 13.99 6.80 KIS('L.(N'I-L)ES(L
3 | 7,15 23.42 15,50 | KSOLNIE,SO, 3
4 5.09 32.25 28,30 K,SO,.(N11,),80,
E 4,15 35.86 39,30 K.SO,.(N1[,),80, j
6 3.83 36,92 51,00 K,SO,.(NH.),80, .
7 2,47 39,88 80,80 K,S0,.(NH.),50,
8 2,06 40,62 85,60 K.S0,.(NH,)-S0; i
9 0,00 | 4341 | 100,00 | (NH):80, _J’

\
1
1
[}
L
[}
L}
L}
1
1
1
i
]
]
4
L

v+ (NH-I)_’S()-I.
2 34 5 6 7 8

[inh 29: He K,80, — (NH,),80, — H,0, 25°C.



3 cac d6 thi trude, wong khu vie hai pha, duong noi dinh pha ran vi pha long can bang
nhau sé giao nhau & mot diém (la diém thanh phin pha ran).

G hé ba c6 tao tinh thé hon tap, thanh phan pha rin khong phai 1a mot diém ma la mot
dudng (vi du: dudng 11,22, 33...) ta goi 1a dudng két tinh -khong thé bo duge va né duge xac
dinh biing thirc nghiém. (M&i mét diém trén dudng long phai tuong ing véi ren duong rany).

V. GIOL HAN CAC QUA TRINH THAO TAC TRONG CHE BIEN MUOI

D& thi bac 3 hé mudi - nudc chil yéu duge diing dé tin cdc difu kién cong nghé thich hop

cho viée ché bien cic loal muéi tinh Khidl (mudi khan, mudi ngam nutée, muot kép)

Diéu kicn diu tién dé digu ché duge mot mu6i 1a diém he phai nam trong khu k€t tinh cia
mudi dé - cdc bien phdp dé dat duge muc dich d6 L co dic, pha lodng, bién ¢oi nhiét do , théem
hoac bét mudl.

Hé phai ndm trong truong K&t Goh ciia mudi cdn san xudl mdi chi la diéu kicn dau tién dé
hoan thanh qué trinh cong nghe. Nhung fium sao phai dat duge san pham nhi¢u va tinh khiét lién
quan dén viéc nay la gici han cha qui trinh thao tic.

1. Co dac va gidi han

Thong thudng, dé san xuit mot mudi tir dung dich loang phai tién hanh bién phip co dac.
Vi du: Tir dung dich K phai ¢o dén he mdi K, s& thu duge mudi nguyén chat BX két tinh va dung
- dich bio hoa BX Ia L. Néu ticp e co dén K, s€ thu duge mudi BX két tinh va dung dich bio
hoi chung AX va BX 1a E. Néucod qui K, s& co mudt AX két tinh cung BX.

Hinh 30: He AX - BX - H,0, "C. %KL.
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Tir d6 thi hinh 30 d& dang thay ring lugng BX nguyen chii ket tinh tir diém K, 160 hon ti
didn K,. Vay diém K la gidi han cta qué trinh co dic h¢ K 0 nhict dé 1 d¢é thu duge mudi BX

nguyén chat ket tinh vo1 luong 16n nhat.

2. Pha loang va gioi han

Tir mot hdn hop hat hode nhicu muot, d¢ cé mot mudi nguyen chal trong nhi¢u trudng hop
<6 thé tién hanh hok tan cic 1ap chat d4é thu duge mot mudi nguyén chat.
Vi du: Tir hon hop rin m, do AX va BX tao thanh, dé thu duge AX nguyen chat voi luong
nhidy nhét thi phai tién hinh hoa tan Mg dén m, nhu trén hint 30, Vay 2idi han coa quad winh pha

lodng la m;.
V. UNG DUNG THUC TE CUA PO THI BAC 3

Vi die 6; Lap trinh 1y v tinh todn lugng cia qud trinh phan ly Simenhit bict thanh phan
clia Simenhit $a: NaCl 70%, KCl 30%.

Vi do hoa tan cta KC bicn thién nhiéu theo nhiét do con NaCl thi nguge Jul —nén ta diing

phuong phip bich thien nhiet do dé dat muc dich phan ly Simenhit tao KC1 va NaCl, Ta chon hai
nhict do dé dat duge 14 25'C va 100"C

P6 thi hinh 31 duge lap w bang 4

Piém K bidu dién thanh phin nguyen fieu diu (70%, 309). Piu tien ta ding nude O
© 100"C dé hon tan Simenhit K. Dén diém he mudi L. (1a gidi han cua pha loing) nd s¢ phin lam
hai phan :

NaCl




Pha rian 1a muéi tinh NaCl.

Pha 1éng la dung dich biio hoa chung I, chita toan bo KCl va mot phin NaCl trong K tan
ra. Pemn phan ly pha ran NaCl, dung dich con lai 1a E . Nim trong truéng ket tinh coa KCl &
25"C. Lam lanh dung dich E,,,, xuong 25"C 1a s& thu duge KCL. Dung dich con lai 13 m nam trén
duang bE,;. Ding n6 dé ho 1an mot phin nguyén ligu dau sé duge he¢ mudi N, cic thuo tic ti€p
‘nhur & trén chiing ta sé ¢6 duge mot qui trinh wdn hoin theo tam gide: mNE, . Ta s& ding ca ba

_phuong phiip dé tinh lugng- ta tinh theo sir phan ly mét tdn Simenhit K

1. Tinh theo phuong phap do thi: (theo quy tic don biy)

\ , ] - 40,5 _
Lurong nude cin hoa tan ¢ 100"C = Lugng K. _K—L =1000. - =838 kg
H,OL 48,5
.y . LE.,
Lugng NaCl ran thu duge = Luong he K. - - —-=
NaClE 4,
-
= (1000 + 838). 122 _ 476 kg
75
Nén luong dung dich E,,, = 1838 - 476 = 1362kg
4 25°C:
. - E;IE 8
Luogng KCi ran thu duge = Luong B =- = =1302.—— =13 kg
mKCi 78,5

Nén lugng pha long la dung dich m s& la:
1362 - 139 = 1223 kg
2. Tinh luyng theo phuong phip ty 1¢

O giai doan diu khi dung nuée hoa tan thi tedn by KCI chuyén vao Iy, nén KCI la cau tir
¢ luong tuyét doi khang doi.

Tir bang 4 ta tra duge thanh phan E
NaCl 16,8%, KC121,7% con lai 1a HL,O = 100 - 38,5 =61,5
Tir day ta ¢6 1hé tim ra bugng E,,

Nong do _c_i(u (U' diabict luong tuyet doitrongE,y _ Luongtuyet d6i KCl

Nong docoa E LuongE,,,
Lugng E,, = 1000.0,3. ﬁ? =1382 kg. Toan bd nude nim trong E,, nén:

Luong nude théem vao  100"C = Lugng E, . 61,5%

= 1382.0,615 = 850 kg



Luong NaCl ket tinh = (Lugng K + luong H,O thém) - Lugng Eyw
1382 = 468 kg

= (1000 + 850) -

E,u 13m lanh xuéng 25"C chi ¢6 KCl k&L tinh, luong tuyét doi m khong d6i- thanh phan

cua pha 1ong m tra duge trén d6 thi NaCl 18,7%, KC1 12,8%, con lai 1a H,O

Luong dungdichm _ 1

Lugng NaCl trong m 6,1 87

Luong dung dich m = 1382.0,168. 0—1187_ 1241 kg.

Nén luong KCl két tinh=E; - m = 1382 — 1241 = 14lkg
3. Tinh lugng theo phuong phap can bing vat chat

Budc 1: Phuong trinh cin bang vt ligu chung:

NaCl: 0,7 NaCl: 0,168
L00OK | KC1: 0,13 | +xH,0 = yB, | KCi: 0217 | +zNaCl
H,0:0 11,0 : 0,615

Phuong trinh can bang vat liéu cho timg eiu tir :
NaCl: 700= 168y +2
KCl: 300=0.217y
1LO: x =0615y

Tir d6 gidi ra dugc:

Lugng H,0 dem pha lodng : x = 852kg

Luong NaCl két tinh: 2z = 467kg

Luong dung dich E,:  y = 1382Zkg

Budc 2: Phuong trinh cin bang vit ligu chung:

NaCl: 0,163 NaCl: 0,187

1382 E o | KC1: 0217 |=xm | KCl: 0,128 | +yKCl -~

H,0 : 0,615 H,0 : 0,685
Phuong trinh cin bing vat liéu timg cau 1 :
NaCl: 1382 x 0,618 = 0,187x
KCl: 1382 x0,217 =0,128 x+y
H,0: 1382 x0,615 =0,685x
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Giai hé trén sé€ duge: Luong KOl két tinh y = 141kg
Luong dung dichm: x = 1241kg
Nhan xét: Phuong phap do thi don giin nhung s liéu phlzii chuin khi doc trén d6 thi. Hat
phuong phdp sau hoi phiic tap nhung do tin ciy cao hon - chi can xdc dinh diém thanh phin
dung dich ding.
Cudi cing dua vae do thi hinh 34 ta tinh todn v¢ luong cta qui trinh tuin hodn mNIZ,,
. theo 100kg san pham KCl

Qua tinh todn trén ta ¢é duge quan hé vé lugng nhu sau:

KCl 141 K(Cl : 100
Dung dich m 1241 boi thanh 100kg SP KCt — Dung dich m: 883
E,. 1382 B 1 083

D¢ tudn hoan ta dun néng m 1én 00°C dé hoa tan nguyeén licu:

100°C
Dung dich m + nguyén licu K = heé méi N(NaCld + E,y)

Goi hrgng NL K thém vao la x kg, lugng NaCl két tinh la ykg, sé ¢ phuong trinh céan

“bang sau:
NaCl: 0,187 NaCl: 0,168
af " = v i Y C b o
883m KCl: 0.128 +0,7.NaCt + 0,3.KCl =yNuCl + 983 E,,, KCl: 0217
H,O : 0,685 H,0: 0615

Cic phuong trinh can bing vat li¢u cho timg cdu tir:

NaCl: 883.0,187 + 0,7x =y + 983.0,618 (1)
KCl1: 883.0,128 + 0,3x = 983.0,217 (2)
H,O : 883.0,685 =983.0,615 (3

Tir ¢2) giai duge x =333.3kg

(3) 604,8 ~ 604,5 noi lén qué trinh khong cin thém nude ciing khong can 1am boc hai
nuse

(1 Lugng NaCl két tinh y = 233, 3kg

Toan bg qud trinh tuin hoin ¢6 thé biéu dién ¢ hinh 32.

Vi dy 7. Phan ly hdn hgp rin NaNQ;, KNQ,. Ta thir tim quy trinh phéan ly (g véi nguyén
liéu ¢é cdc thanh phan khic nhav. Ta xét ba truéng hgp sau:

l.  Nguyén li¢u chita 80% KNO,, 20%NaNG,.
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Nhietdo | Dié

Beng 10: He NaNO,, KNO,, H,0. "¢, %KL

m

NaCl
233 3kg

. Dung dichm
883 kg

He N Simenhit

Hinh 32: So dé wdin hoan san xudk N

1216,3 kg 3333 kg
E100 ?(pa
: )

aCl va KCl tie Simenhit.
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bi¢m thanh phin nguytn licu 12 F. Trong nguyén li¢u ¢s giau KNQ, nén chi can them
nuSe da o6 thé phan ly tao KNO, tir trong F.

Néu nhi¢t d¢ thao tdc chon 1a 25'C thi £i61 han cua hoa tan Ia diém G. Vé mat Iy thuvét
di¢u trén hodn toan hop ly .

NaNOg

K(30%)

)

hq M’)
Hinlt 33 Hg NaNO, - KNO, H,0, 25'C va 100'C, %KL

Nhung trong nguyen liéu thong thirdng con chia tap chat khong tan (nhu cidt, bui...) nén
dung phuong phap trén sé khong loai duoc ching. Phuong phip thuong ducce dung la ding nuéc
dé hoa tan toan bo nguyeén liéu & 100°C thanh hodn toan 1éng, loc bod tap chit réi tién hanh lam
lanh dung dich sach dé thu KNO, tinh khiét.

Vimuc dich trén lugng nude hod 1an can khong ché sao cho hé moi phdi nam trong truting
két tinh clla KNO, & 25°C va phai nim trong khu toan dung dich ¢ 100"C. Tren hinh 33 diém H
la diém cdn tim - né gdn H,O hon G nén lugng sin pham thu duoc sé it di, song n6 lai phit hop
vdt yéu ciu thuc t€ clia cong nghe. -

2. Nguyén liéu chita 30% KNO, 70% KNQO..

Trén dé thi, diém nguyen licu la K. N&i HOK, 14t ¢a cic diém nim tren H,OK déu khong
qua trudmg két tinh cia KNO,, nén chi mot lan thém nude vao nguyén li¢u s& khong thu duoc
KNO,ma phai tién hanh nhu sau:

3 100°C them mot lugng nhé nude vio K dé duac hé méi w.
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w 12 do pha ran NaNO, vi pha long la dung dich A” giau KNGO, 1ao nén phan ly rin
NaNO, cdn lai dung dich A”niim trong ving ba pha & 25°C. Ta lai thém nudc vio A™ d¢ duge he
méi Y va lam lanh dén 25°C s& thu duge rin KNOQ, va pha 1ong A. Phan ly ran KNO;, con lai la
dung dich A. Dem gia nhiét dung dich A va thém mot phin nguyén licu K s& duge hé mdi w'.

Sau d6 qud trinh s& tudn hoin theo Aw’A"YA dé thuc hién qud trinh phan ly tae hai muoéi
tinth (sinh vién t tinh luong).

3. Nguyén liéu chita 5% KNO,, 95% NaNO;:

Bi€u dién bai diém K trén dé thi,

]
-

Néu ¢ 100"C mi théem nude hoa 1an dé duge hé mudi R thi viéc phin ly NaNQO, &€ kho
khiin vi cdnh tay don NaNO;R tmg véi luong dung dich A” qud ngin, vi vay ching ta ¢6 thé tién
hanh theo cich sau:

(3 25°C thém nude hod tan nguyén lieu K dé duge hé méi Z: phan ly rdn NaNO,, con lai
dung dich léng A, dem ¢6 cho mit nude dén w (gidi han clia c6) & 100°C - phan ly ran NaNO,.
con lai 1a dung dich A” dem thém nude dén hé mudi Y réi 1am lanh dén 25°C sé thu duge KNO,
ran va dung dich A.

Vi & 25°C dung dich A di bio hoda NaNO, nén méi lan xir 1y nguyén li¢u theo cich trén
déu phii ding nude sach, dung dich A ¢4 1hé tién hanh ¢é dac ¢ 100°'C dé tach NaNO, ran va lay
dung dich A”, qua trinh sau dé lai ti€p tuc nhu rén.

NalNO,

K(5% KNO,)

= KNO,
Hinli 34: He NaNO, - KNO, - H,0, 25'C vi 100'C, %KL.
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Vi du 8 Phan ly hén hop ran (NI4,),50,, Na,SO,

Pay 13 hai musi cd thé tao thanh hai mudi phic (mudi kép) nén viéc phan ly ching dé thu
duge mot mudi don s& phai qua mot s6 thao tic phiic tap hon - ta 1dy h¢ Na,SO,- (NIL,),S0, -
H,0 lam d6i tugng nghién ciu

Bdng 11: Hé (NH,),S0, - Na,S0, - H,O

Nhiét . %KL dung dich ,

do g | e (NH,),80, | Na,SO, Pharan

25 a 43,40 0,00 (N11,),50,
Eas 38,70 8.20 (NIL,),50,. Na,S0,.41L,0 + (NH,),50,
E, 14,10 25,76 (NH,)S0,. Na,SO, 4H,0 + Na,SO,
b 0,00 21,71 Na,S0,.4H,0

60 ¢ 46,80 0,00 (NH,),S0,
Ee 36,91 16,33 (NH,),80, + Na,S0,
d 0.00 31,20 Na,SO,

(NH,),S0,

}
t
l .
H,0 .
d

B Na,80,.10H,0

Hinh 35 He (NH,),SO, - Na,S0, - H,0, 25'C v 60°C, %KL.
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Trong (NH,),S0,. Na,50,.4H,0 ¢6 31 8%(NH,),S0, va 41,1%Na,S0,
Trong Na,SO,. 10H,0 cé 44,1% Na,50,

T d6 thi thdy & 25'C hé ¢6 hop chit hydrat Na,50,.101L,0 va mudi kép ngdm nudc
(NH,),S0,. Na,S0,.4H,0, con E,, thudc tniromg két tinh cia mudi kép ngdm nude. Nén khi lam
lanh xusng 25"C thi mudi kép ngam nudce s& ket tinh va dung dich con lai ha c.

Tir bang 6 liéu hod tan 11 va dé thi 1a ¢6 thé fim ra cdc bude thao tic dé phan ly hén hop
rin cing lwong mudi (NH,),S0, va Na,SO,. Vi muyc dich dé , ta phéng to d6 thi hinh 35 thanh
hinh 36 sau:

(NH,),50,
A
A (NH,),50,. Na,S0,.411,0

25'C

Na,80,, 60°C .

Mudi kép, 25°C

Hinfr 36 Phong dai cuc bo.

Diu tién c¢6 2632g dung dich biéu dién bdi diém E & 60°C, E c6 thanh phin: 10,8%
Na,S0,, 24.5% (NH,),S0, con lai 1a H,O - dem 917g mudi phac ((NH,),SO,. Na,S0, .4H,0)
thém vao E ta s& duoc hé mdi F. Sau d6 thém vao F 1000g hdn hop mudi (médi tha 50%) s& dugce
hé mé D. D ¢é thanh phin: 25,5%Na,S0,,32,85% (NH,),80, con lai ia H,0O va ¢6 lugng la
4549¢g. D nam trén dudmg F,Na,SO, nén sé cé két tinh Na,SO, 1a 500g, con lai 1a dung dich B,
co lugng la 4049g. Lam lanh E,, xuong 25°C s& c6 mudi phiic ngam nudce két tinh 917g (bing
lugng di cho ban dau)

Dung dich C con lai (3132kg) c6 6 60°C dén diém hé méi A iing mot diém trén duong Eg,
(NH,),80,, cé thanh phan 12,6%Na,S0,, 51%(NH,),S0, con lai la H,O, qua trinh nay dd bay hot
mat 887g nudce,va két tinh duge 500g (NH,).50,, dung dich Eg, con lai 1745g. Sau d6 thém 887g
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nudc vao Eq, d€ pha lodng s& thu duoc 2632g dung dich E. Nhir vay |3 hoan thianh mét chu trinh
tudn hoan dé phan ly 1000g hén hop musi thanh hai lowi muoi don véi 8§ luong clla méi loai i
500g.

Vidy 9: Xide dinh luong va thanh phan pha 1ong, pha rdn ciia can bang dugc tao thanh khi
phan huy 100kg hydroxyl apatit bing axit photphoric chita 55% la P,O,. Diéu kién phan huy la:
nhi¢t do 100C, luong axit tiéu chuan 1a 102,5% so véi lugng tinh theo l¥ thuyét con mikc phin
huy ctia apatit 14 70%. Bi¢t thanh phan qua monocanxiphotphat khan ngam nude vi dicanxi
photphat theo P,O;, CaO v H,0 nhu sau:

M, (Ca(H,POy),)  P,Os: 60,65%, CaO: 23,965
Mk (Ca(H,PO,),.H,0) P,0 .: 56,31%, Ca0: 23,96%
My(CallPO,)  P,04 52,16%, CaO: 41.21%

- Tu d6 thi ¢ 100°C, tuy thanh phin cia dung dich ¢ thé két tinh tao
monocanxiphotphat Ca(H,P0O,), - Diém M,. Monocanxiphotphat ngim nude Ca(H,P0,),.H,O-
biem M, K. Dicanxiphotphut - CaHPO, - diém M,

- Diém bic¢u dién thanh phin ca hé thu duge sau khi phén huy hydroxyl apatit bing axit
photphoric phai niam trén dudmg axit- hydroxyl apatit.

1. Tinh thanh phén cia hydroxyl apatit theo P,0, CaO va H,0:

PO, : 1.5.1%22.1& =42 38 kg tiic 42,389

Trong dé: 142 - khoi lugng phan tir cia P.O,
502 - khot lugng phan tir ciia Ca,(0,) ,OH
CaO: 3.36.100 = 55,82 kg, e 55,82%
502
Trong d6 56 1a khéi lugng phin tir clia CaOQ.
0.5.18.100 = 1,80 kg tiic |,80%%
502 :

H.O:

Biéu dién thanh phén trén len dé thi duge diém thanh phin Ca,OH(PO,). 1a M.

2. Tinh hrgng axit photphoric 55% di ldy d€ phan huy 100kg hydroxyl apatit, theo phuong
trinh:

Ca;(PO,):0H + THPO, + 1,0 = 5Ca(H,PO,),.11,0

Cit 1,5 P,Os mudi s€ 1dc dung vé6i 3,5 P,O. cla axit thi 42,38kg IO mudi s@ tic dung véi
Xg P,O; cia axit:
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{1,025 1a lugng axit tiéu chuan 1dy theo 102,5% luong tinh todn)

Bing 12: He Ca0 — P,O, - H,0, 100°C, %XKI.

) %KL Pha long ,
Biém Pha ran
P,0O; CaO
| a 5,05 0,87 CaHPO,
| 14,90 2,43 CalIPQ,
24,70 3,97 CaHPO,
32,89 5,00 CaHPO,
33,82 5,12 CuHPO,
E 40,27 5,54 CattPO, + Ca{H,PO,),. H,0
40,15 553 CallPO, + Ca(H,PO,),. H,0O
40,80 543 Ca(H,PO,),. H,O
41,67 5,18 Ca(H,PO,),. H,O
45,37 4,30 Ca(H,PO,),. 11,0
49,67 341 Ca(H,PQ,),. H,0
52,91 2,82 Ca(H,PO,),. H,O
53,57 2,72 Ca(H,PQ,),. 11,0
55,30 2,48 Ca(H,PO,),. 11,0
55.48 2,46 Ca(H,PO,),. H,O
E, 55,98 241 Ca(H,PO,),. H,0 + Ca(H,PO,),
57,15 1,87 Cu{H,PO,};
58,00 1,70 Ca(H,PQ,),
58,83 1,57 Ca(H,PO,),
58,22 1,49 | Ca(H,PO,),
59,55 1,44 Ca(H,PO,),
61,48 1,13 Ca(H,PQ,),
65,35 0,72 Ca(H,PO,),
b 70,03 0,58
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%KL P05 —p

70

Vay luong axit 12 185. 0,55 = 101,7kg, H,0: 185 - 101,7= 833k

biém thanh phin axit biéu dién boi B,

70 b

40

d
<

20

H,O 10 20 30 40 30

Hinh 37: Hé CaO - P,0O; - 11,0, 100'C, % KL..

—p

60
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3. Tinh thanh phan dung dich sau khi phan huy hydroxyl apatit vé1 mdc phdn huy 70%
apatit:

P05 42,38.0,7 + 101,7 = 131.37kg tiie 14 51,52%

CaO: 55,82.0,7 = 39,07 kg uic 1315,32%

H.(O: 1.8.0,7 + 83,7 = 84.50kg tifc 14 33.16%

Téng 255 kg hay 100%

Bi€u dién lén db thi 1a diém 1. N6 nim trong khu két tinh clia monocanxiphotphat ngam
" nwde do pha ran Ca(H,PO,), . H,0 (diém M K ) va pha long 12 dung dich bio hoa 2 clia né. Diém
2 ¢ thanh phan doc dugc trén dé thi a: P,0544%, Ca0 4,6% con lai 1d H,O 51,4%

4. Lugng Ca(1,PO,),. H,0 két Linh (X kg) duoc xdc dinh theo quy tac don bay

Luong tinh thé Ca(H,PO,), H,0 122 __x o3
Luong dung dich 2 con lai I-M, 255-x 73

— X = 155kg

Luong dung dich con lai: 255 — 155 = 100kg

Vidy 10: Xac dinh lugng va thanh phén cia pha long vi rin dugc tao thanh khi phan huy
100kg hydroxyl apatit bing axit photphoric chita 32% P,0, Diéu kien phan huy {a nhiér do
100"C. Lugng axit ticu chudn 1a 102% so voi luong tinh theo 1y thuyét, miic phan huy 1a 55%

Giai:

I. Luong axit 32% P, ding dé phin huy 100kg taf hydroxyl apatit

23833

329833 ) 02 = 315 ke
1,5.0,32

Trong dé: P,Os 1a 315. 0,32 = 100,8kg, H,0: 315- 100.8 = 214 2kg
2. Thanh phén vé lugng ciia he thu duge sau khi phan huy, v&i muc phan huy 55%(0,55)

P,O: 4238 .0,55 + 100.8

[24,11kg tic 33,549
CuO: 35,82.0.55

30,7kg  uic 8,30%

H,O: 1,8 .055+214,2 = 215,19%kg tirc 58,16%

Tong cong 370kg  nic 100%

Bi¢u dién lén dé thi 1a diém 3 (phdi nim trén dudmg ndi diém trdn cla axit B, va hydroxyl
apatit M)

Di¢m 3 nam trong ving két tinh ca dicanxiphotphat vi vy né phan thanh hai pha: pha
ran két tinh cta CallPO, va pha long: dung dich bio hod CaHPO,: 4

Pha long 4 ¢6 thanh phin xdc dinh tir dé thi: P,0O5:31,5% ; CaO: 4,8%va; H,0: 63,7%
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Lap phuong trinh can bing vat ligu cua he 3 theo P,O. va Ca0 déi vai trang théi diu :
(apatit v axit) va trang thdi cudi (dicanxiphotphat vit dung dich 4} dé tinh lugng ran CaHPO,
(Xkg) va dung dich 4 (Ykg) '

Theo P,O: 124,11 = X.0,5216 + Y. 0,315.
Theo Ca0Q: 30,7 =X .0,4121 +Y. 0,043
Giai hé hai phuong trinh trén ta duge: X = 34 8kg, Y = 333.2kg

Ding dé thi dé tinh vé lugng cia cdc qud trinh & nhimg vi du trén déu hoin oan ¢6 tinh 1y
thuy#1 vi rang:

a. Giita cdc pha hoan toan & vao trang thai can bing.

b. Su phan Iy gitta cdc pha 12 hoan toan {trong rin khong c6 giot léng nao va trong long
ciing s& khong 6 hat ran ndo).

¢. Khong khao sdt cc 16n thit do nia, loc, thang hoa vi sy dao dong ctia nhiét do .

Do vay c4c tinh toan duge tuy ¢6 ¥ nghia chi dao cho san Xuat, va cai tién cic quy trinh
san Xudt c6 sin nhung so voi thie t& thi van con mot khoang cich.



Chuong IT1I. HE BON CAU TU PON GIAN MUOI - NUGC

1. KHAI NIEM
. D6 13 h¢ do ba mudi ¢6 chung ion vi nude tao nén. Ba ion chung do ¢6 thé [ ba cation
ciing c6 thé la ba anion va ¢6 thé viét dudi dang cong thifc chung la:
AX-BX-CX-H0O

hoac  AX-AY -AZ-1L,0

Theo quy tac pha C,=K-®=4-1=3

Neén dé thi bidu dién hé bon don gidn dang nhiét nay phai 1a mot hinh khong gian. Trong
hé bén don gian nay bao gbém:

Siu he bac 2: AX - BX, AX - H,0, AX - CX, BX - H,0, BX - CX, CX- H,0. Bon h¢ bac3:
AX - BX - CX, AX - BX - H,0, AX - CX - H,0 va CX-BX-H,0. Bén diém muéi va nude
nguyeén chat va mot thé tich biéu dién thinh phéin hé 4.

Nhu vay hinh t7 dién 1am gidc déu thod min didu kién cho viéc bicu dién hé trén

H,O

h < CX
BX

Hink 38: Gian dé he AX, BX,CX- 11,0




Mot dé thi khong gian 1i gdm cde dudmg, mat, diém tao thinh. Trén co so la cde diém -
sau day 1a cdch 1hé hi¢n mot diém wen dé thi.

Vidu: Dung dich K ¢6 thanh phan:
AX BX CX HO
10% 3% 5% 80%
Dé biéu dién diém K lén dé thi ta phai dung dén khii ni¢m thanh phian kho 12 % cua timg
ciu 1 trong 10ng luong mudi kho.
Nén thanh phan kho cta diém K 1a:

AX: %.lOOz 50g/100g mudi kho

BX: 50 100 = 25g/100g mudi kho

CX: 2% 100 = 25g/100g mudi kho

11,0 % 100 = 400g/100g mudi kho

Dé bidu dién duge ham luong nudc, ngudi ta lap nhitng dudng thing géc véi hinh chieu
bing clia d6 thi ding nhigt & nhimg dicm riéng biét clia né: Véi diém K ta lap dudng vuong géc
tai K v6i tam gidic AX BX CX Vi ldy KK’ = 400g/100g mudi kho. Nhur vay diém H,0 nguyén
chil s& & vo cuc trén tat ca cdc dudg vuong gée véi tam gide AX BX CX.

K,

AX

Hinh 39 Bi€u dién ham lugng nudce trén hé bac 4.
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Nhimng diém cho him lugng nude trong dung dich bio hoi hop nhat lai thanh nhimg mit
cong v ta s& ¢ dé thi nude khéng gian. Hinh chi€u bang clia do thi khong gian nude trén tam
gidge déu AX BX CX 12 gian do khan vit hinh chi¢u cua dé thi theo mot wong ba ﬁuftl thang dimg
goi la gian dé nudc. Trong tinh todn ching ta chi dimg gian dé khan va gidn dé nude. Hinh chicu
cha cdc dudng giao nhau gifta cic mit dang nude va mit cong bio hoa trén do thi nude Khong

~gian la cdc dudng ding nude trén gian do khan. 86 liéu ghi trén dd thi 15 s6 gam nude/100g mudi
kho. D6 thi khan ding dé tinh lugng mudi. Dé thi nude dimg dé tinh todn vé Iugng cua nude, né

. s& gitip ta gidi quyel nhitng van dé thue 1€ cla cong nghé.

\

1. PO THI HOA TAN DON GIAN
D6 1a dé thi cua hé khong tuo hap chil hydrat, khéng 1ao musi kép - nhu do thi hinh 41 &
phan trén.
A. PHAN TICH HO THI KHONG GIAN (hinh 40):
N6 duoe ciu thanh bai cdce diém, cdc dudng, cdc mal va cdc thé tich.
Ba mat nghiéng ciia hinh 40 bidu dién ba hé muoi — nude bic 3 don gan:
AX - BX - H,0, BX -‘CX -ILO VA AX - CX - 11,0
Ciic mat cong: AX'E{'E'E,’ AX 'l mat bio hoa ciia AX, BX'ESTVEBX [a mat bio hoa
cuu BX, CX’ETUE,"CX’ 13 mdt biio hoi cta CX
Ba mat bio hod giao nhau tao ba dudng bio hoa chung hui mudi
E."E’ 1a dudng biio hoit chung cta AX vi BX:
B, 12 dudng biio hod chung cua AX va CX;
E,'I’ 1a dudng bio hoa chung cua CX va BX.
Diém giao nhau cna ba dudng bio hoi chung E'. 1.a dicm bio hod chung cua ba muoi
AX, BX, CX.
Toian bd gidn dé chia lam § the tich:
1 1hé tich dung dich chura bdo hoa - phia trén mit bio hoa.
3 thé tich kél tinh mudi don:
AXAX E,’E'E,AX the tich két tinh cta AX (hink chop)
BXBX'E,E’E,"BX’ thé tich két tinh ciia BX (hinh chép)
CXCX'E,"E’E,"CX’ thé tich két tinh ctie CX (hinh chdp)
3 thé tich ket tinh hai mudi: _
AXE'E.BX’ theé tich két tinh cia AX + BX (ut dién)
BXE'E,”CX’ thé tich két tinh chia BX + CX (tir dién)



CXE'E,AX thé tich két tinh cla BX + AX (1 dién)
Mat thé tich két tinh ba muéi AX + BX + CX la:
AX. BX. CX. E’ {hinh chép)

8 thé tich tat ca

BX
Hinli 40: D6 1hi khong gian.

Hinh 41 D6 thi hinh chiéu ding nudc.

76



600 &
T
3
K '3
400 - 1 =
b
S
S,
=
200 -
0 K’

Hinlr 42: D6 thi khan va dé thi nudc.

B. QUA TRINH BOC 1101 DANG NHIET DUNG DICH

Nghién citu qud trinh co boc hoi ding nhiét dung dich s& gap mat loat cdc qud trinh bién
ddi pha - khi dé ta cdn phéi giai quyét duge nhitng van dé chinh sau:

1. OQui ticl dich claiyén diém Ié, long, rin va quan hé cria ching

Diing dé thi hinh 43 va hinh 44 dé€ nghién ctu van dé nay, cdc quy tae lién két dudng déu
duoc (ng dung & day. Ta ldy diém dung dich chua bdo hod m,, dé tién hanh co dang nhiét. Diém

hé s& dich chuyén tir trén xuéng c6 thé chia lam 4 giai doan nhu sau trén dé thi khong gian vi do
thi nude
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‘ He Pha long

‘ m,—>m, Dung dich tir chua dén bio hoa m,—>m,

m,—>m, \ AX + BX cung két tinh K-l

|
m,—>m, K& tinh two AX m,—K’ l AX

m,—>m, AX + BX + CX ciing k€t tinh E’

Ung v6i moi thoi diém, diém hé, long, ran clng nam trén mot dudng thang (vi du
AXm,K™).

Twong ty voi hé m; ta cling cé AX'm,K’ cling nam trén mot dudng thing vi: Dung dich

bio hoi AX nén diém bio hoa phai nim trén mat bio hoa clia AX 1 AX'E, E'A’X vi trong giai

doan m,—»m,, Hé ciu 1 ket tinh AX=> 1y 1¢ cla BX, CX trong dung dich sé khong doi, nhy vay
diém pha Iong phai nam trong mat tao boi AX AX vam,

Giao nhau cba hai mat trén chinh 1a dudng AX'm,K’. Dé 1ign lgi cho tinh 104an ¢ thé coi

mit bilo hoa la mot mat phing thi dutmg nét long- -ran-he ciing s& 1 duong thing.

Qui trinh ¢6 diang nhiét rén hinh 43 sau khi dem chi¢u 1én mot mat phang, cac giai doan
cha qud trinh € duge tong két & bang trang 80.

R ring chi ¢6 stt dung do thi Khan khong (nhu he ba ciu 1t ) s€ khong chi 10 duge s6 pha
vi thanh phin cdc pha (vi didém hé rude sau van chi fa mot diém). Nen khi nghién ciu he 4 don
gian chiing ta phi sir dung cdc dé thi kKhan viv do thi nude.

2. Tinh figng ciia qud trinh ¢6 ddng nhiét

Dung dé thi khan dé tinh sy bién thién luong clu muéi, diing do thi nudc dé tinh lugng
nudc bién thién.

- Giai doan 1 Chi lam bay hai nudc:

m, —m, (m

Luong nude bay hai =-
100

. S0 gam mudi kho trong m,

- Giai dogn 2 » AX két tinh, nude bay lén:

Luong AX kétunh mK

Téng lugng mudi khan trong m TAXK

o 1 - ! ..
Luong nudc bay hoi clia giai doan 2 :Dl(—mlloz)—mi . 56 gam mudi trong he m,

- G:cu doan 3: (AX + BX) k&t tinh, H,0 bay hot.
Luong (AX, , + BX) ket tinh ml:

Téng mudi Khan trong m SE
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Hinh 43: Co boc hoi dung dich trén do thi
khoéng gian.

AX R—

AX -

Hinh 44 He AX- BX- CX - H,0,t'C
Pé thi khan va nude.

- BX

@
b

Muot  kho

gH.0/100g
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Luong BX két tinh AXS
Luwong (AX,, +BX) AXBX

Trong dé:

Lugng AX, ; kéttinh BXS
Luong (AX,, +BX) AXBX

m, — My e
= 5 3 Lugng mudl kho trong m,,

Luang nudc bay hoi trong giai dogn 3 =

. - Giai doan 4: két tinh (AX + BX + CX) , H,O bay hoi.

Lugng mudi két tinh tong cong 1a m, thinh phan cde muéi két tinh doc duge theo dé thi
khan.

Chi lugng mugi k&t tinh cla giai doan 4 = tdng lugng mudi trong m - luong mudi két tinh
cua cdc giai doan trén .

L -0 . .
Luong nude bay hoi cha giai doan 4 =fn—l‘00— . Luong muoi kho co trong m,,

Khi tinh lugng trén dé thi khan chii ¥ Ja cénh tay don chi dui dién cho lugng pha ran va
luong mudi khan trong pha long.

Vidu: Do két tink AX ma dung dich s€ dich chuyén tir m,—K thi :

Luong pha rin AX két tinh B mK
Luong mudi kho trong dungdichK - m - AX

3. Céde phitong phdp dé tinlt hiigng mde bica thién
Ngoai cdch ding do thi nude trén, trong mot didu kien nhat dinh 6 thé dung phuong phip

ndi suy hay dung do thi c6 dutng dang nudc dé tinh todn luong nudc.

AX

Hinhi 45 Biéu d6 ding nudc.
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a. Ding do thi cd diomg ddng niie dé tink todn hiong nwoe

Vi die: Hé ban ddu ¢6 lugng nhu rén dé thi diém m. Trong d6 c6 300g mudi kho, 500 g
nuGe. Tinh lugng mude cdn bay hoi khi co dung dich trén dé n6 vira dat biio hoa BX,

Giai: Vim ndm giita dudng 80 va 100 gH;0/100g musi kho, xic dinh 11 90 gH,0 /100 g
mudi kho nén fugng nudc cin bay hoi la:

500 —@.300=230g
100 .

Sir dung phurong phdp nay néu duong ding nude cang day thi do chinh xic cang cao,
b. Ding phicong phép néi suy &6 1inh lugng e

Diing phirong phdp nay d¢ tinh lugng nuGe phai chdp nhan hai gia thuyét sau :

- Coi mét bao hod la mat phang.

- Puong biio hoa chung cia hai muéi phai ia dudng thang. Nhir vay thi su bién thién ctia
nudce 1a déun dan.

Tinh ham lugng nude eiia dung dich vira bio hoa BX cia hé m. Ta lam nhu sau: tir lugng
nudc da biét cia E,"E (1ir bang $6 lidu) Tinh ra lugng nude ciia K. Sau d6 tinh luong nudc cia m
qua ham lugng nudc di bist K va BX.

CcX

E,

Hinle 46. Tim luong nude bang phuong phip ndi suy.
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1 %H, L) —%H, —..
Cy thé: %H,O(E,) = % ILO(E) + GH-O{FE_I_:‘/“HTO(E)‘KE
I
9%eH,O(E,| ) - % —
= ZH,O(E,) + __CH__O(b|é_E (HzO{-E—).KE,_ _
o]

Trong do: %11,0 14 ham lueng nudc tai cic diém tuong ung.

V6i diém m tu ciing tinh nhu vay. Suu d6 ta déi ra luong nudc tuyét doi: vi du tong mudi
khé trong m la 250g vi do tinh noi suy trén ta duge ham lugng nudse trong m la 300g/100 g mudi
kho. ' '

Vay luong nude trong m la: %)8 250=750¢g

IIL. CAC LOAI PO THI HOA TAN KHAC

Do 1a cac loai dé thi cha hé 4 don gidn ¢6 tao hop chit hydrat hodc muoi kép.
'A. DO THI HOA TAN HE 4 DON GIAN €O TAO HOP CHAT HYDRAT

C6 thé do mot hodc hai hoidc ca ba loai musi trong hé 4 tao hop chat hydrat.

- Néu mot logi mudi trong hé chi két tinh hop chat hydrat thi do thi thuéce loal thit nhat.

- Néu mot mudi ¢é the vira két tinh hop chat hydrat vira két tinh mudi khan thi dé thi
thuge loui hai,

L He do thi e 4 don gidn tao hap chét hvdrat - (Hinh 47)

Hinh 47 khong khdc biét cic do thi bac 4 don gian da gap & phan trén. Vi ham luong nude
2 : I Dy g gapop 18
khéng dugc thé hi¢n trén dé thi khan nhimg trong bang so6 licu th duoc ghi rat 1d rang.

AX

{finh 47 Hé 120 hop chat hydrar 1.



O day ta coi BX [ mudi cé tao hydrat BX. nH,O con AX, CX khong tao hgp chat hydrat.
Ta thir nghién cu qué trinh co bée hoi dung dich va cdch tinh lugng chia qui trinh.

C6 dung dich chua bio hoa m cho mat nudce dé tao bio hod BX. nH,0 (giai doan nay do
thi khong biéu dién duoc).

Co uép dung dich tir m dén K. Pha rin BX.nil,0O két tinh
Co ti€p ran gém (BX.nH,O0+CX) ciing két tinh
Dung dich tir K dén E . Bén E ¢6 pha rin 1a (BX. nt1,0 + CX + AX) cung ket tinh.

Dung dich bat bién & E cho dén kho. N&u tidp e ¢6 BX. nH,O s& mit nude dé cusi cling
thanh hén hop mudi kho (AX + BX + CX) - m. £¢ tinh lugng mudi két tinh ¢6 thé dung quy tic
don bay, nhung vi muét két tinh 6 ngam nudc nén phai tién hanh tinh doi.

Vidu:
Luong BX (cta BX.nH,0 két tinh) = = LLlUl'l{l:, hé m.
M
— Luong BX.nH,0 = Luong hé m. i o
BXK M.

Trong dd M [ khéi lugng phan tir ciia chat wong tng.
2. D0 thi hé 4 don gidn ¢6 tao hop clhdt Ivdrat Toai 1 (hind 48)

AX

v 1
S EE E\

Hindt 48: H¢ tao hop chit hydrat 11
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Trén hinh 48: hinh 4 canh PEEE,P 13 truong kél tinh cia BX. E,PE,BXE, la truong két
tinh clia BX.nH,O. Khi ¢6 bc hoi bac hoi dung dich m:Diém hé bat bién ¢ m. Quy tich dich
chuyén ctia pha long: mKK’E, quy tich dich chuyén ctia pha ran BX.Sm. Can luu y & day la:

- Khi pha long dén K dung dich ciing s& bio hoa thém BX

- Néu 1iép tuc o pha 1dng bat bién & K, pha rén s& ¢6 s thoat nude cua BX.ntl,0 da ket
tinh truée dé tao thanh BX. Sau qué trinh thodt nude dung dich (pha 16ng) s& rodi KK’ va mudi
k& tinh ctia giai doan KK 1a BX (qud trinh o ti€p ching ta tu tim hiéu).

Khi co bac hoi dung dich n:  Hé bit bién tai n
—_

Quy tich diém long (pha long)n L PE
B —_—
Pharan AX.Q.Qn

B. O THI HHOA TAN Hf 4 DON GIAN CO TAO MUOI KEP
_ Phén lam hai loai la : loai tuong hgp (tuong xdng), Joat khong teong hop (khong tuong
xiimg) '
1. Hé 4 don gidn ¢ teo mudi kép tiwomg hop
Hinh 49 muéi kép D la do BX va CX tao thanh, ty 1& thanh phdn hai mué: xic dinh ngay
trén do thi con ngam nude hay khong thi d6 thi khan khong thé hién duge. Dic diém ciia d6 thi
nay la: dudng néi mudi kép véi mudi thanh phin khong tao mudi kép (nhur AX.D), chia d6 thi
Im hai phén 12 hai dé thi bic bon don gian ¢6 hai diém bdo hod chung ciing thanh phén (tuong
xiing) ctia hai hé 4 don gran A Eva E’.
AX

!
!
g
|
!
!

p
!
|
T
]
!
!

CX

X
b E; D E
Hinh 49: DO thi bac bén don gian tao mudi kép tuong hop.
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Ban thin AX D 1a mot hé 3 cdu tf ¢ diém bio hoi chung 1a F. Nén khi c6 dac tit ca cic
dung dich nam trén dudng AX D. Pdu tién 1a két tinh AX - dung dich dén F thi AX va D cling
két tinh theo ty {&:

Luong AX kéttinh _ FD

——— = —— cho dén can kho
Lugng Dkéttinh  AXF

2. Tao thanh mudi kép khéng tong ximg (khong tiong hop)

Hinh 50 1a d6 thi bi€u kién clia hé nay, mudi kép D 13 do BX va CX tuo thinh, né ¢6 hai
diic diém:

a. AX D khong chia d6 tht lam hai d6 thi bac bén don gidn - hai diém bao hoid chung déu
ndm phia phai AX D- trong d6 P 1 diém bdo hoa chung khong tuong x(ing.

b. Dung dich P ciing bio hod AX, BX, D nhung ham lugngBX trong P it hon ham lugng

BX trong D, ¢é thé viél thanh bat dang thiic: [P—}\") 3{%] -
12 38

Vi vay ¢6 boc hoi dung dich P thi pha rin BX (gia sit da duge két tinh & giai doan trudc)
s€ hoa tan dé b6 sung BX trong P theo phuong trinh:

BX(rin) + pha long P — DI + AX{ + H,01

AX

Hinh 50: Do thi bac bon tao mudi kép khong tuong ximg.
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Pé tien viec theo doi ta phan hinh 50 thanh cc khu vyc nhu sau: Tam gidc AXBX.CX
gom: Hinh 4 canky: AXPE,CX.AX va Hinh 4 canh: AX.P.E,BXAX. Hinh 4 canh:
AX.P.E, BX.AX bao gom hinh 4 canh AX. D.E,.P.AX (cdc¢ tam gisc AXPF, PDF, P.D.E;) va
tam gidgc AX.BX.D (gém A AX.BX.Fva A BX.F.D).

- Co béc hoi hé trong ki AX. P.E.CXAX ntong ting vor cdc loai trudc ta dd gap

. C6 hé my trong tam gide AXBXF @ da dién cdc he nim trong tam giac AX.BX.D.Hé bat
bien & diém m,

L, »
' Pha long m,L,P
i —_—

Pha rin BXS;m,

Sau khi dung dich dén P tuy mot phian BX rAn cé tan ra dé bd sung cho dung dich nhung
dén khi P kho,BX ran van con vi: (E&) > [PE]

' CX /), \CXJp

Co diém m, trong tam gidc AX.P.F thi:

Hé bat bién & m;

—_—
Phalong m. L, P.E

—_—,
Pha rin BX.S:..5.5;,".m,

Qué trinh xay ra ¢ P ciing giong nhu & phdn trén, chi khdc 1a dung dich P van 16n tai khi

‘rin BX di tan hét vi: [%] > [E}i]
CX ), T\CX

Nen néu tiép tuc ¢o thi dung dich phdi roi PoE, con diém thanh phan hén hop ran:
S\’—>S_\" cudi ciing ¢6 can tui E.

Co boc hoi‘r_dié’m m, trong hinh ba canh P.D.E;: hé bat bi€n & m,, quy tich pha long :
m,L,L,"L,"E, qu¥ tich pha rin: BXDS,m,. L, bio hoa D va BX. Khi boc hoi thi dung dich sé
dich chuyén tir L,—L,” con pha rin s€ dich chuyén tir BX vé D, chimg 16 BX hoa tan va D két
tinh khong ngimg, dén D thi BX tan hét. Tiép tuc co thi dung dich s€ dich chuyén trén mat bio
hod cha D 1 L,—1.," va chi ¢6 D két tinh va cudi cing ¢o can 0 E. Piém m, chi khdc diém m;, la
dung dich khong qua diém P.

IV. VECTO KET TINH VA UNG DUNG

Khi nghién ciu qué trinh ¢ boc hoi dung dich trén d6 thi hé tao mudi kép Khong tuong
x@mg, d¢ biet mudi 1a ket tinh hay hoa tan, ching ta da dung ty 1é tuong (ng clia cic muodi dé
xem xét - ngodi ra cling ¢6 thé dung vecto ket tinh dé phan biét.

Vi du trén hinh 51: khi lam boc hoi dung dich E ¢6 ba mudi AX, BX, D cling két tinh. Ta
xem Xét tirg cau tir:
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- Chi ¢6 AX két tinh, dung dich s& dich chuyén theo chieu AX E, ta duge mot vecto (biu

dién b&i mot mii tén nhé theo chiéu AX—E tai E)
—

- Tuong ty véi CX ta cling duge vecto theo chiéu CX I
—_
- Véi D ta cling duge mot vecto theo chiéu DE
Ta c6 ba vecto tai E. V&i mot diém béo hoa chung twong xing thi tdng ba vecta phii bang
-0 vit ba mudi ciing s& két tinh theo ty 1¢ nhat dinh, con dung dich ¢é thanh phédn khong doi.

Hinh 51: Ung dung vecto két tinh.

Vi diém P, hop ¢hia ba vecto thanh phéan khong thé bing O duoc ma ludn cd xu thé 1o 1
P—>E. Nhu vay ba mudi ran nay cling két tinh va 1n tai 1a khong duge. Theo quy tic pha G =K
_® =4 —4 =0, né néi lén thanh phan ciu pha long Khong déi. Tren thue (€ vecta két tinh cua
BX phai ngugce lai titc BX phai tan ra, chi con AX, D két tinh - dung dich dimg Tui & P cho dén
khi tan hét BX. C6 thé tng dung phuong phap vecto ket tinh cho cic diém trén dudng bio hoa
chung hai mudi. Viduy diém m trén dudng bio hoa chung AX, BX: hai mu6i két tinh, dung dich
s¢ dich chuyén theo chiéu tdng clia hai vecto ket tinh (tic —P)
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V6i diém K, hop hai vecto chi hiéng dich chuyén pha jong la rai K —vé phai. Nén su ton
tai clia BX 13 khong duoc, do vay vecto két tinh cua BX phii ngirge lai tfe rdn BX phai tan ra,
chi ¢é D két tinh.

Phuong phdp nay c6 thé ¢ng dung trén 14t cd cdc loai do thy hoa tan.

V. QUA TRINH LAM LANH DUNG DICH

Ciing gidng nhu & hé ba céu t&r, myc dich ctia lam lanh la dé ché ra mudi sach. Do vay cin
giai quyét hai vin dé: ¢6 the ding phuong phap lam lanh khong? Néu duge thi giéi han lam lanh
dén dau?

Hinh 52 thé hién do hoa tan & bén nhiét do t,> ;> 1> t,

Ta quy dinh trude mot s6 ky hieu:

A’X.: do hoa tan & céc nhiét do khdc nhau clia AX di doi thanh gaudc/100g mudi kho. Vi
du: A’X, : dai dién cho do hod tan cia AX 6 nhi¢t do t,

Diém hé P, (ciing la diém 1dng) 12 vi tri cia hé khi AX vira dat biio hoa & cdc nhiét dé trén
d6 thi nude. Vidu: P, 1a dai dién & nhiét do t,.

K’.: vi tri cta diém pha long & cde nhiét do , khi pha Iong vita dat bo hoa hai muéi trén
dé thi nude (AX+CX). Vi du: K’ 1a dai dién cho pha 1ong vira dat bio hod {AX + CX) 0 nhiét do
L.

R, vi tri cha diém hé trén do thj nuée khi dung dich vira dat bdo hoa hai mudi (AX+CX).
Vi du: R, 1a dai dién & nhiét do t,. Néu tir dung dich dau m (m”) chi dya vao phuong phdp lam
lanh dé ché tao AX sach: vi & tat ca cdc nhiét do m déu nam vao khu ket tinh cia AX va nhiét do
cing giam khu két tinh cang to ra, nén 6 thé khang dinh la s& 1a0 dugc AX sach bing phucng
phép lam lanh.

Dé giai quyét gidi han cla 1am lunh ta xem xét trang thdi m’ & cidc nhiét do khdc nhau trén
do thi nude: '

O nhiét d 1, : m' nam phia trén P, - né 1a mot dung dich chua bdo hoa (chi ¢6 mot pha
iong)

O nhiét d¢ 1,: m’ ring P, ching 0 dung dich bt ddu bio hod AX nén h¢ la do hai pha
(rin AX va long P, tao nén) nhing vi AX mo6i biio hoa nén lugng AX ran 1a vi lugng - vi vay,
thite 1€ chi cé mot pha long P 14 16n tai.

G uhiét dé 1,: m” nim gitta Py va R nén né do hai pha: rin AX va long Q tao nén (Q 1im
duoe 1a do noi AX v6i m® cat Py AX; tai Q) - AX ¢6 ket tnh nhung ¢on it, nén tiép tyc iam lanh:

O nhiér dé t;; m’ triing voi Ry téc m’ do hai pha la: rin AX vi dung dich bido hod hai mudi
AX, CX |3 K',tao nén.
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g H,0/100g mudi

CX

Hinh 52: GiGi han 1am lanh dung dich.

AX,

AX"s

AX’;

AX,

AX




Néu ti€p tue 1am lanh thi CX s& két tinh, nén gidi han cua 1am lanh dé€ duge nhiéu AX va
sach chi nén dén 1,

Co6 the ding quy tic don bay dé tinh luong:

Ot Lugng AX két tinh G, = Téng lugng muéi khan trong m. —%
. . - .y - mK4
- Ot Luong AX két tinh G, = Téng lugng muéi kKhan trong m. ——=
5 AXK,
Nhu vay: Gs m_K AXQ 30.41 =1,582.

G, AXK,mQ 575135

R& rang 1a 1am lanh dén t,¢6 hién qua hon & t,

VL. UNG DUNG THUC TE CUA bO THI HE BON DON GIAN

Vi du 9: wrong 720g dung dich cha hé nudec min thién nhién c6 chita 50g NaCl, 40g
Na,50,, 30g NaHCO; va 600g H,0.

Phin tich va tinh lugng clia quéd trinh ¢ diing nhiét 720g dung dich trén dén diém bao
hoa chung.

Pé giai vi du ndy ta lap d thi khan va nude hinh 53 dua theo bing s6 lieu 13. Tinh thanh
phin nuée hé m (mg)theo chi s6 do thi (bidu dién m(m,)). Téng luong musi kho: 50 + 40 +30 =
120g, lwong nudc: 600 g.

Thanh phan theo mudi kho:

NaCl: % 100 = 41,7 g/100g musi kho.

Na,S0,: 14206 100 = 33,3 g/100g muodi kho.

NalCO;: 132% 00 = 25,0 g/100g mudi kho.

H,0O: % 100 = 500 g/100g mudi kho.

Dat diém he lén d6 thi khan dugc m, trén d6 thi nude 1a m, - v& cdc dudng lién quan, ta
thiy toan b qud trinh s& chia 1am ba giai doan, véi quy tich diém nhu sau:
- x . - __——’ > -
Hé: D6 thi nudc mym,m,m,, dé thi khan
_ —

Pha long: Bé thi nudc mgm,A’E;; ., d6 thi khan mAE,;
B . — E—
Pha ran: D6 thi nude K’S’, d6 thi khan K S
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Bing 13: He NaHCO, - Na,S0, - NaCl - H,0

’ Pha long (% KL muéi)
Nhiét _. ,
| do oic | P NaHCO, | Na,50, | NaCl lg{l)f;go / Pha rin
M
0 A 100,00 0,00 0,00 1450 | NaHCO,
' 'B 0,00 1000 | 000 | 2080 | Na,SO,. I0H,0
C 0,00 0,00 100,00 | 280 NaCl
D 61,00 33,00 | 0,00 |1102 | NaHCO, + Na,SO,. 10H,0
F 0,00 4,50 95,50 | 272 Na,S0,.10H,0 + NaCl
G 2,30 0,00 97,70 | 277 NaCl + NaHCO;
E, 2.45 4,48 93,07 | 268 NaHCO, +NaCl+ Na,SO,. 10H,0
' 35 H 8,55 0145 0,00 199 NaHCO, + Na,SO,
I 0,00 2160 | 78,40 |234 Na,S0, + NaCl
J 4,22 0,00 95,78 | 266 NaHCO, + NaCl
E. |4.30 2030 | 7540 {234 NallCO. + Na,;SO, + NaCl
!. K 100,00 0,00 0,00 | 840 NaHCO,
L 0,00 100,00 | 000 ;207 Na,S0,
| M 0,00 | 0,00 100,00 | 275 NaCl

Tinh luong: Giai doan I: Dung dich tit chua bio hod dén bat ddu bio hoi Nal-iCO._Q: chicé
nude boc hol. Dua vio dé thi nude tinh lugng:

my

Luogng nudc bay hoi giai doan 1 = 17[;0“]‘ .Téng luong mudi trong hé.

500-350

Lugng nude bay hoi = 0 A20=180¢g

Duya vio d6 thi khan tinh lugag: phai ding phuong phip noi suy dé tinh luong cla nuse
clia m phai biét lugng nude chia K v A. D€ tim duge ham lugng nude clia A phai dua vao ham
lugng nude ctia H va sy da bict.

H,04 , -H,0

M HA +HL,0(H)
HE

Luong nude trong A =

- &‘7_‘4199 52 +199 =223.6 g/100g mudi kho
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o]

800

700

O/ 100g mudi kh

o

g H

600

500

400

300

200

100

L’

Nu1,80,

my{500)

m,(350)

NaCl
M
Hinh 53: NaCl - Na,80, - NaHCO: - H,0, 35"C, %KL.

K’(840)
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Lugng nudc trong m = 2B 2T mA + L0, 4,

_ 840-223,6

83

18 +2236=357.1 ¢

. e . 3571
— Luong nude tuyét ddicé trong m la - - .

120=427 g.

. — Luong nudc bay hoi la : 600 - 427 = 173g
“ Giai doan 2: NalICO, két tinh, H,O bay hai, Na,S0, bit dau bdo hoa - diém pha long 1
A(A). Ta tinh luong muéi két tinh theo hai phuong phdp sau day:

a. Tinlt theo quy tdc dén bdy

_ Luong NaHCO, kéttinh _ mA

‘Téng lugng mudi kho trong he KA

" Luong NaHCO, két tinh = g 120=263¢

b. Theo plutong phdp 1y [é: wrong giai doan nay NaCl, Na,SQ, déu nium lai toan bo trong
dung dich, dya vao chiing 1am cdu tir khong bién d6i dé tinh lugng. Tren dé thi thanh phan pha
long mdi A doc duge fa: NaHCO 5%, Na,S0,42%, NaCl 33%. Ta co biéu thic ty 1¢:

Lugng Na, SO, trong A (40) _ 42

- —_-,x=40.£ =476 g.
Luong NaHCO, wong A(x} D 42

NaHCO, két tinh trong giai doan nay 1a 30 - 4,76 = 25,24¢g
Tinh lugng nude boc hoi cha giai doan hai theo hai phuong phap :
- Tinh theo do6 thi wieée.

" Lugng nudc bay hoi giai doan 2 = 3—501-(-_}01—75.120 =210g

- Theo pincong phdp ndi suy:
Do giai doan mot ta da tinh duge lugng nuéc trong A 1a 223,6g/100g mudi kho nen luong
tuyet déi clia nude trong A la:

3
2236 a9 25p4y=212¢
100

Luong H,O bay hoi trong giai doan hai la: 427 -212=215¢

Giai doan 3: Pha 16ng 1t A dén Ey,, Na,S0,, NaHCOQ, ciing k&t tinh, H,O bay hot. Ta cling
tinh luong mudi két tinh theo hai phuong phip:
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a. Tinh theo quy tde don bdy

Luong keét tinh (NaHCO, (ca gini doan 2) va Na,80,) _ mE
Luong mudi trong hé m, (120) SE h

. oy S
Tong mudi két tinh: & A20=53.1 g
66,5

ye

. 53,1
Trong dé: Lugng Na,SO, két unh la: .

A8 =255¢

Luong NallCO, két tinh 1 : 53,1 — 25,5 =27,0g
Thue ra, NaHCO, ¢ giai doan 3 la:
27,6 -26,3=173¢g

b. Phuong phdp 13 1¢: & giai doan nay NaCl la cdu 1&r ¢6 lugng khong bién doi (50), ta tra
duge trén bang s6 liéu thanh phan cva E i la:

4,3% NaHCO ; 20,3% Na,SO,; 75,4% NaCl, 11,0 1a 234g/100g mudi kho.

Ta ¢6 cdc phuong trinh ty 1&:

50 75,4

Lugng NaHCO, trong E 5 (x) T 43

— A1 =2,85

=» Luong Nal1CO; két tinh giai doan 3 la: 4,76 - 2,85 =191g
50 754
Lugng Na, SO, trong E.; (y) 20,3

Va —y=133¢g

=Luogng Na,SO, két tinh giai doan 314: 40- 13,3 =26,7 ¢
Tinh lugng nude bay hoi theo hai phuong thifc:

-Tinh theo do thi wirdc:

. 5-130
Luong nudc bay hai = 175130 420=54¢
100
-Theo do thi khan:
[Luong nudc béc hoi giai doan 3 = Lugng nude trong A - Lugng nudc trong Iy = 212 -
234

=120 - (24+1.91426,7)) = 57
100 ( ( ) g

Cic két qua tinh todn tuy cé sai s& nhung d6i véi k¥ thuat thi sai s6 nay cé thé chdp nhan
ducic.

Vi di 10: Ung dung phuong phdp fam lanh dé ch€ musi.

Cho 1000g dung dich cia hé nude man ¢6 thanh phan: NaCl 83.4g; Na,50, 66,6g;
NaHCO, 50g; H,O 800g. Lam lanh dung dich nay dén 0"C phai dat dugc mot mudi sach, hiéu
sudt cao nhat,-hoi phai ding bién phdp g1?
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g H,0/100g mudi khé
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1800r
1600y
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______________ |
B_ L L L A et e b A
Na,SO, — 1 .

NaHCO,

Hinh 54: He NaCl - Na, S0, -
NaHCO, - H,0, 0'C, KL%.



Gidi- Dem ham luong cha m (m’) da cho doi thanh chi s6 dé thi (2/100g mudi kho). Squ

khi chuyén déi , ta duge ket qua :
NaCl : 41,7g/100g muoi kho

P4 thi khan Na,S0, 33, NaHCQ, 25g/100g muor kho

P& thi nudeH,O:  400g/100g mudi kho
Dt lén dé thi ta duoe diem m (m'). Tir dd thi inh 54 t thiy lam lqnh dén 0°C, € cd

Na,SO,.10H,0 vi NaHCO cing két tinh - vay khong Jiy duoe Nu,SO, sach. Bien phdp don glan
nhat 13 thém vao hé mot it nude (X g) dé hé tir m’—>m"(505) nhur hinh 54, Néu lam lanh dén 0"C

s& chi £o Na,S0,.10H,0 L ¢on NalICO, chi mdi bit ddu bio hoa.
Luong nude thém vio:

., m'-m . i
. tong mudi Khé trong m.

100
22057990 Ho0-210.
00

- mK. 5
Luong Na,SO, két tinh = 7K 500 = 1 4g
BK 735
, 19,5322
Luong Na,SO,. 10H,0 két tinh = —? l._47

—9311:
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Chuong IV: HE BON CAU TU MUOI - NUGC TUGNG TAC

L. KHAI NIEM

Day 1a hé do nude va hai mudi Khéng ¢é ion chung tao nén. Trong hé cé cin bang giita
bén mudi:
AX+ BY 5 AY + BX
Vidu: He KCE + NaNO, s KNO, + NaCl

Khi trong hé bon cdc ion ¢6 hod tri khdc nhau - thi cong thiie cua mudi trong phuong trinh

can bang phéi viét sao cho cdc mudi ¢6 suturong duong (tie 14 phai viét theo cung duong lwong)

vi du nhur; '
Na,Cl, + MgSO, % Na, SO, + Mg(l,

(Buong luong ctia Na*va CI' phii tang len mot dé bang duong Tugng cita Mg va SO,>).
Viet nhu vay s& don gidn cho qud trinh tinh toin sau ndy vi céc ion cé cung duong lugng nén
trong he bén tuang tic 16ng anion = tdng cation vi bing mot don vi ( hay 1005 ) va bing s6 mol
tong cdc mudi trong he.

Vi du: Hoit tan hén hop hai mudi <6 thanh phan MgSO, [0.8kg: NaCl 24.57kg: bang
21,6kg H,0 s¢ wo duoe dung dich m thuge h¢ bon twong tic:

Na,CL, + MgSO, 5 Na,SO, + MgCl,
(Viet tae 1 Na,™, Mg // 80, Cl,* - H,0)
10800

Dsi ham luong céc musi ra s6 phin twr gam (phan mol) vé6i MgSO,: T = 90mol,

Na,Cl,: 24570 = 210 mol; H,0: 21600 = 1200mel.
2.583 18

PR L & Py

Itam luong dueng lrong cde ion {(phan duong lugng ): Mg? 90 duung fueng (dl); SO, 90
dl; Na,** 210 dl; CL* 210dl. R rang 1a tong duong lugng cic anion (90 +120) = tong duong
luomg cic cation (90 +120) = tdng mol cic muai trong hé (90 + 120).

Trong hé 4 wong tic, thinh phan thubng duoce bifu dién biang phin don vi hoac % duong
lirong hoac phan ti, tie 1a:
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s 90 i )
Mg™ 2 = 0,3 dlg/1dlg cic cation

90210
Hoic - 0 100 = 30 dig/100dlg cic callon
T 90+ 210
s 210 ,
2Na™ = 219 _97 dlg/1 dig cic cation
90+ 210
. 21 . ,
~ Hoiaw -— o 100 = 70 dlg/ 100 dig cdc caton
\ 90+ 210
' 1 90 .
SO, @ ——5s T 0,3 dlg/1dlg cdc amon
90+ 210
Y
Hoac - 0_ 100 = 30 dig/100 dig cdc anion
90 +210
) 210 ,
Chy”: -— ¥ .- =0,7 dlg/1 dig cic amon
90-+210
1 . .
Hoac - 210 100 = 70 dlg/100 dig cde anton
90 +210

Con ham luong pude tinh theo pte/100pty cac mudi kho hoac pte/100dlg chc cation heac

anton.

0 . .
Ham luong nude la: —l-%]o— 100 = 400 pte/100 dlg cic on

= 400 plg/100 ptg mudi ko = 400 mol/100 mol muot kho

D6 thi bidu dién h¢ bon twong tc cing phai 12 do thi khong gian, (i ca nhimg Iy giai déu
oing nhu trong he bon don gian, chi khic hai diém la

_ Vi ¢6 bon mudi ton tal nen mat diy cha do thi phai la hinh vuong (d6 thi phai cd 5 milt).

_ Vi cide mudi tong tae nhau theo cing duong juong nen thanh phan Khong 1hé bicu dién
irén dé thi bing % cic mudi ma phdi 1a phan mol hoic phén duong luong, con wen dé thi nude
thi biéu dién bing motH,0/100mol mudi kho.

D6 thi khong gian hé bon twomg tde (inft 53)

Trong thyc 1&, ching ta chi sir dung hai hinh chidu: 1a 46 thi khan va dé thi nude dé tinh
todn cdc qud trinh.

Lap va st dung d6 thi kho va nude nhut sau

- P6 thi khan: bon dinbe hai dinh d6i dién nhau qua duong chigo bidn dién hai mudl cua
mot ¢ap wong 1ic (hai mudi cia mot v& phuong trinh). Bon canh: bidu dién ham luong wong 4ot

ciia hai mudi mot. Phin gitta ban canh bicu dién ham luong wong doi clia bon mudl
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- 6 thi nude: ciing giong nhu véi heé bon don gian. DO thi duge xédc 1ap trén co s cac
diém. cdc diém s& lien két nhau theo quy tic dudng lién két dé o thanh mot d6 thi hoan chinh.
Trong he bon tuong tic con ¢6 thé biéu dién thanh phan theo %mol mudi kho. Nhu vi du trén ¢

thinh phan la:

{
MgSO,: - %0 100 = 30 mol/100 mol mudi kho
90+ 210
. 210 s
Na,Cl,: ———— 100 =70 mol/100 mol mud: kho
a0 + 210
AXT

Hinh 55: He A*, B'//X,)Y - H,0.1'C
b6 thi khong gian H,O.
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IL. PO THI HOA TAN DON GIAN

D6 14 d6 thi hé bdn tuong tic khong tao hgp chit hydrat, khong tuo mudi kép

Tuong tmg bon mudi don 1a: 4 khu két tinh mugi don, 5 duong bio hoa chung hai mudi, 2
diém bdo hod chung ba mudi.

Chiing c6 thé phan chia thanh hai loui chinh sau day:
A. DO THI HOA TAN DON GIAN NHAT

D6 1a dé thi cia hé bon tuong tic c6 hai diém bdo hod chung ba musi 1a diém bioc hoa
chung twong xing (bdo hoa chung ¢é cing thanh phan). V{ du: hinh 56 hw diém bilo hoa chung
E,, E,. Dudng chéo goc AX - BY la mot hé ba cdu tit mudi - nuée ma di¢m bdo hoa chung 1a F,
Tirc tit ci dung dich cé diém thanh phin ndm trén dudng nay néu cé boc hoi s& can tat I chi
khong dich chuyén vé E, hodc E,. Ta dung dd thi hinh 57 dé nghién ciu qud trinh c6 dic, pha
lodng, bi€n nhiét va tinh lugng bién thién cla cic qud trinh do. (3 day, quy tic ndi dudng thich
img dd thi khan v dé thi nudc, cdon  quy tic don bay chi thich ing vdi do thi Khan.

Tién hanh qud trinh co dang nhi¢t dung dich trong hé bén twong tic loat niy tuong ty nhu
qud trinh dd trinh bay & hé bén don gian, vi vay ching ta ¢6 thé tr quan sat két qua duge ghi trén
dé thi. Cic két qua cua qud trinh nhu sau:

Vi hé m(m,):

—_—
Piém hé: dé thi khan m, dd thi nude mm,m,m;m,
_ —_— —r
Diém pha long: do thy khan mKE,, do thi nude m,m, K'E’

. , —r
Piém pha ran: dé thi khan BXSm, d6 thi nude B'X S'm,

Vi he n{n,) nim trén dudng AX - BY - 1,0, n6 thudc hé ba cdu tir thi tinh hinh khi co

nhur sau: .
Biém hé: do thi kho n, d6 thi nude ngh n,n,
—»
Piém pha 1dng: dd thi kho nlF, do thi nude ngn, F,
_— —

Piém pha rin dé thi kho AXn, d6 thi nudeAX n;
Pé tinh luong, ta tinh cho giai doan ket tinh AX khi ¢6 dang nhiét dung dich n(n,)
Lugng AX két tinh nF

Lucng mudi khd trong n T AXF

— Luong AX két tinh (mol mudi kho).

n,—-n,

Luong H,0 bay hoi = . Téng mol mudi kho trong n.

Clut y:
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400 om’

300

mol H,Q/100 mol muéi kho

100

Mg50, MgCl,

80

60

40

20

Na,S0, Nu,Cl,

Hind 56: Xdc dinh vi tri hé trén do thi Khan va do thi nudc.
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mol H,0/100mol mudi kho

AX

]
AX ‘ _ BX
L,
AY 1, BY

Hinh 57: A B/ X.Y- H,0,t'C
Dé thi khan vi d6 thi nudc.



- Phuong phip vecto két tinh ciing tng dung duge cho loai do thi nay.
- Néu dung dich nim trong tam gidc: AX-BY-BX thi diém c6 can 1a E,
- Néu dung dich niim trong tam gidc: AX-BY-AY thi diém co can 1a E,
B. DC\)’THL HOA TAN DON GIAN CO MOT DIEM BAO HOA CHUNG KHONG TUGNG
XUNG
P la di¢m biio hoa chung khong tuong ximg. Toan bo dé thi chia lam hai khu:

1) AX-BX-BY-P-AX. Khi ¢0 cic dung dich nam trong khu nay ~ thuoc truding hgp don
gian nhat - diém 6 can cudi cung 12 diém bilo hoa chung E.

AX W ll AY

BX BY

Finlt 58. D6 thi khan hé bén wwong tic don gian c6 mot diém biio hoa chung khéng tuong ximg.

2) AX-AY-BY-P-AX. Tat cd cic dung dich nim trong khu vuc nay- khi tién hanh bdc hoi
dang nhiét déu phii qua diém chuyén P (thiy duge qua vecto két tinh). Khi cé béc hoi dung dich
P, néu khong ¢6 pha rin AY ton tai thi dung dich & roi P vé E. Khi ¢6 AY (rin) ton tai thi AY
s€ tan ra, con AX, BY sé ket tinh e li:

BX (trong dung dich P)+ AY (pha rin két tinh giai doan trudc) = pha ran (AX+BY) két
tinh.

K&t quéa clia qud trink nay tuy thudce vio diém dung dich ban diu, né s8 ti€n hanh theo hai
chiéu hudng nhur sau:

a. Dung dich bit k¥ nim trong tam gidc AX. AY. BY thi

Hé m bit bién

—

Pha long mKP
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, r—*
Pha ran AY.S.m
Cugi ciing bdc hoi kho 0 P. Vi cd AY trong m nén sau ki dung dich dén P, AY rin 6 tan
mot phin nhung vin chua het.
b. Dung dich bit k¥ n nim trong tam gidc AX.BY P thi ket qué qud trinh co boc hai s€ la:
Hg¢ n bit bién

—_—

Pha long n.L.P.E
—_—,
Pharin AX.w.w'.w’n
Vi pha ran w’nam trén dudng AX-BY tic rin AY di ticu hao hét, Néu tiép tuc co, dung
dich khong 6 AY bo sung nén phai 191 P vé E, Tuong ting pha rin ket tinh s& 13 (AX+BY). Trén
dé thi diém ran s& dich chuyén tr w’ vé w". Dung dich dén E, ca ba pha ran AX, BY, BX s& ket
tinh theo ty 1é clia EE cho dén kho can.

11, BO THI HOA TAN HE BON TUONG TAC PHUC TAP

D6 1a dé thi hé bon twong tic €6 (2o muoi ngam nude, mudi kép ngam nudce. Vidy he:
Na,(NO); + K;S0, = Na,SO; + KoNOy;

N6 vira tac mudi don khan, mudi don ngém nuac Nu,50,.10H,0 hoac muci kép ngam
nude: NaNO,, Na,S0,.10H,0 (biu dién bdi diem D), va Na,50,.3K,S0, (bi€u dien boi diém G,
Na,S0,.3K,80,). D6 thi cva he nay & hinh 59 }ap dugce i bang 14.
A. QUY TAC PUONG LIENKET VA SUPHAN TICH TREN PO THI HE BON TUONG TAC
PHUC TAP

Ching ta da biét dugc cic dé thi hoan chinh, dé c6 chiing - chiing ta phai c6 duge cic
diém - viéc nly ching ta d biél. Viy tir cic diém nay lién két lai nhu the nao dé dugc cic
dudng. Noi dung quy tac dudng lien két nhur sau: ky hieu L biéu dién dung dich , S biéu dién pha
ran:

Vidu 1, S, biéu dién dung dichl; bio hoa pha rin S,

. Néucé L= S val,5 S + 5, th L,vh L, c6 chung ran Synén L, n6i duge vo L, Neéu
L s $+5val,5 5+, via néu L, vit L, cing mt hé bac 3 v ¢ ching pha ran S, thi L ndi
duge v6i L,

Nhu vay, trén hinh 59 di€¢m KsF snoX—Jam—A—B-CoLoE—K
2. NEucd L5 8, +5,val, 585+ 5+ S, thi L, ndi duge véi L,

Trén hinh 60 ¢6 cic diém sau s& n6i duge v6i nhau thanh cap:

FP XP,JO A0 BQCSES

D6 chinh 11 céc diém bio hod chung 3 va 4 cau tirlién két voi nhau.
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3.NEUCO L, %S +8,+ 8,V L, 58, + S, + S, thi L, noi duge vsi L, (c6 cling S, v2 S,).
Trén hinh 59 ¢6 cdc diém sau s& néi dugc véi nhau thanh cip: PR,R.S,R.Q, Q.0. Pay la
dudng ndi cic diém bio hod chung bén mudi. Thie ra cic dudng lién két trén c6 thé khong phai
1a dudng thang, nhung néu ¢6 it s6 licu hoa tan thi ¢6 thé coi chiing 1a dudng thang, Sau khi néi
cic diém cdn Jai véi nhau sé tao duge mot do thi ¢6 7 khu vue |, wong tmg7 pha rin o6 the két
tinh duge ¢ nhiét do tuong g (& day la 30"C)
Bdng 14: He Na' K*//NO,, SO,* - H,0, 30°C

i Thanh phan dung dich
mol/100mol mudi kho mol

bPiém H,O Pha rin

KNO, [ 0,5K,50, | NaNO, | 0,5N%,SO, | 100mol

M kho

K 100,0 |00 00 (00 1250 | KNO,
i 0,0 0.0 100,0 } 0,0 4492 NaNQ,
n 00 1000 |00 oo | 2860 | k.80,
m 0.0 0,0 0,0 100 926 Na,50,.10H,0 o
e 303 |00 69,7 |00 317 KNO, + NuNO,
{ 86,0 14,0 0,0 0,0 1137 KNGO+ K,50,
X 00 1626 0.0 37,4 2135 K,50,+ G
] 00 |136 0,0 86,4 775 Na,S0,.1011,0 + G
a 0,0 |00 207 | 793 782 Na,SO, + Na,SO,. 10H,0
b 0,0 0,0 69,7 303 650 Na, SO, +D
C 0.0 0,0 93,3 6,7 478 NaNO;+ D
s 296 |00 66,7 | 3,7 312 NaNQ,+ KNO,+ D
I 32,3 0,0 573 10,4 375 KNO;+ D+ G
q 26,5 0,0 34,7 18,8 442 Na,SO, + D+ G
0 ' Na,S0, +

0,0 11,7 9.5 78.8 733

Na,50,.10H.0+ G

p 76.5 0,0 6,1 17,4 903 K,S0, + KNO,+ G

00 | 750 0,0 25,0 0 Na,50,. 3K,S0,

0,0 0,0 33,30 | 66,7 33,3 NaNOQO,. Na,SO,.11,0
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Cu thé khu k¢t tinh ciia muéi kép G la: XPRQOJX, ciia mudi kép ngien nudge D L
BQRSC clia Na,50;:14: AOQB

Céc diém thanh phin ciia G, D ¢6 thé tim dugc qua cong thic phan wr cha ching.

Clui ¥: Vi d6 thj biéu dién thanh phin theo cung duong luong , nén cong thifc phan tir cua
mudi D 12 NaNO,. Na,SO,.H,O thi thanh phan cua NaNO: %.100 = 33,3 mol/100mol mudi
kho, con thanh phin Na,SO,= 66,7 mol/100mol mudéi kho. Theo ty 1¢ do ta s& tim duge diém D
trén do thi khan.

Tuong w nhu vay, diém D trén d6 thi HyO s€ ¢6 thanh phan : /3 x 100 = 333
molH,0/100mol mudi kho

Sau khi da bict diém thanh phin cia cdc pha ran va cic khu vuc két tinh tuong @mg cia
né. Bing phurong phip vecto két tinh ta s& d& ding phan biét dugc trong ¢dc diém biio hod chung
P, Q, R. S, O thi chi ¢6 S la diém bio hod chung tuong xitng; P, Q, R 13 cdc diém co can ¢d
diéu kién con O la di€m chuyén.

B. QUA TRINH BOC HOI DANG NHIET DUNG DICH A (A,)
Tuong tu nhu trong dé thi don gidn, dua vao quy tic dudng thing va quy tac tuong tng —
ta phan qud trinh thanh cdc giai doan. Khi gap dudng bio hoa chung hoic diém bio hoa chung,

chiing ta str dung phuong phip vecto két tinh d¢ phin dodn xem muéi két tinh hay hoa tan, cic
két qua do duoc liés ké ra bdng saw: ’

D thi khan PO 1hl nude
He a : a, . a A" as"a,
e —
Pha long abdes a,’a’b’d’e’s’
—_— —_—
Pha ran mDf m’'D’f

Phdn dodn bing phuong phdp vecto k€t tinh thay: trén dudng bao hod chung QB thi
Na,S0, sé hod tan D s& két tinh. Qud trinh dé 1ién hanh cho. dén khi hén hop rin tring vdi D, cé
nghia Na,S0O, s€ tieu hao hél va dung dich s€ ron dudng BQ dich chuyén trén dudng Dd kéo dai
trén mit biao hod musi D (nhur vay chi ¢ mudi D két tinh). Giai doan ¢S ¢6 (NaNO, + D) cung
két tinh, dén S ¢6 ba mudi cing két tinh KNO; + NaNO. + D cho dén kho.

Oud trinh boc hoi ddng nhiét dung dicl m:

Dung dich m ciing nidm trong khu két tinh clia Na,SO, nhumg vi tri khdc dung dich a va
qud trinh bdc hoi ding nhiét ¢6 phin phic tap hon. Trong phin nay, ta xem xét lai van dé quan
hé tuong ng (16ng, ran, hé) va cdch vé cac dudng phu sao cho hop 1y trén do thi.
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mol H-0/100mol musi khé

KNO,
(K)

NaNO,
(L)
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] 600
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hN 1 400
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F K,S0,

(n)

Na, S0,
(m)

Hinh 59: He K°, Na'//NO;, SO, H,0, 30°C.
Boc hoi dang nhiét dung dich a.



-

Diu tién, ta ghi lai tong quy tich cia toan bd qud trinh ¢ trén hé:, m. pha 1ong: mHQRS,
pha ran: Z12345m

Sau day ta xem xét sy (mg dung moi quan hé tuong Ung qua cic giai doan m nam trong
khu két tinh cha Na,SO, nén khi ¢6 Na,S50, phai két tinh trude tien. Theo quy tic dudng lién két:
cling v&i sy ket tinh ciia Na,SO., dung dich phai nim trén mat bio hoa clia Na,SQ, tic s& dich
chuyén tren dudng Zm kéo dai clia mat bdo hoa - diém pha rén bat dong tai Z ung Na,50, khan.

Piém dung dich (pha 16ng) sau khi dén H s dich chuyén dén Q. Trén dusng BQ 1 dudng
bio hoa chung cia mudi D vi Na,50, nén diém thanh phan pha rén phai dich chuyén weén dudng
theo dudng Z—D

Phin dodn bing vecto két tinh trong qud trinh nay Na,SO, s€ hoh tan ra, khi dat dén Q
diém pha rfin 1a 1 thi rdn Na,SO, vin con. Nén:

KA(NOs), F : K,50,
K

Na,(NO,),

Hinh 60: He K*. Na //NO; , SO.%, H,0, 30°C.

Ti€p tuc cd dang nhi¢t Q, thay (D + G) két tinh, Na,SO, tan ra (dodn biang vecto két tinh).
Vi Q (pha 16ng) va m (di€m hé¢ ) bit bi€n nén: diém thanh phdn pha rin phai dich chuyén theo
huéng Im. Trong tam gidc GDZ cho déa diém 2 trén dudng GD thi qud trinh tan Na,S0, két
thiic- bude tiép sau dung dich s& ro1 Q vé R: trong giai doan nay vi QR Ia dudng bio hoa chung
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clia G v D nén hén hop pha rin phai dich chuyén 1t G—D.(tir 2—3). Mat khdc, tir vecto két
tinh ta thay day la giai doan G tan, D két tinh.

R ciing la mot diém béo hoa chung nén giong nhu Q: khi c¢6 bée hoi m, R bat bién con
diém pha ran sg dich chuyén tir 3— 4 (4 1a diém giao nhau v6i KD- X,(NG,),). Dén 4 chiing 16
G k&t tinh trudc da tan hét chi con lai ¢6 KNO, va D két tinh.

Dung dich tir R —$ : K va D két tinh thi diém thanh phén pha rén s& dich chuyén tir 4 vé
theo dudmg DK dén 5. '

Cudi cling boc hoi ding nhiét dung dich $-1a diém bio hoi chung tuong ximg - (mg vai ba
mudi ket tinh 1a KNQ,, NaNQ,, D- Diém pha ran cla né sé dich chuyén tit 5—m, dén khi S can
thi diém pha rin tring v6i diém hé ban dau m.

IV. CAC Vi DU UNG DUNG THUC TE

Trong cong nghé san xudt cic mudi vo co, phan 16n sit dung qud tinh chuyén hod.
Trong qué trinh d6 thi hai mudi twong téc trong hé tuong tic la Nguyén liéu dau, qua phan ing
phan huy tao thanh hai mudi méi s& 12 san phim cudi cling.

Sir dung dé thj hé bdn trong tic mot mat ¢6 thé lap duge phuong 4n cong nghe dé ché
tao mot loal mudi va tinh todn vé lugng - mat khac ¢4 thé ly giai va nghi¢m ching su ding sai
ctia mot quy irinh cong nghé da c6 sin. ( day- cdn luu ¥ 13 trong thue (& ¢6 rat nhiéu y&u (6 anh
hudng dén su cin bing cla hé Nén cdc két qua tinh todn can phai xem xét dé hiéu chinh cho hgp
ly.

Vi du 11: Tinh todn ché tao amoni clorua tir amoni sunfat. Nghién ciu hé:

INaCl + (NH,),S0, = 2NI,CI'+ Na,SO,

Nguoi ta dd dé ra qua trinh tudn hoan dé ché tao NH,CI biang céch phan huy trao doi
amoni sunfat vdi NaCl. Véi hé nay trén dé thi thanh phén cén biang & 25"C ¢ sdu khu k&t tinh
(ngoai bon mudi con ¢6 Na,SO,. 10H,0 va Na,SO,.(NH,),50,.4H,0).

Con & 80"C thi khong c¢6 khu két tinh clla mudi hydrat vi mudi kép, ching bi mat di &
32"C va 59°C, nén chi con ¢6 bon khu két tinh. _

Dira vao cdc dé thi hoa tan 8y (hinh 62 ), bing phuong phdp di¢m tich vi 1am lanh két tinh
ta s€ tinh todn duge qua trinh tudn hoan.

D6 thi hinh 61 1a trich cdc dudng hol tan dang nhiét & 25°C va 80°C dat trén cling mot do
thi khan hodc nuéc.

(3 80°C dung dich huyén phil nuée cia NaCl va (NH,),S80, ban diu - & day Na,SO, s¢ két
tinh.

Tir d6 thi thay:
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- Na,50, dat duoc cuc dai khi thanh phdn dung dich méi dén diém P, trén dudng dang

nhiét 80'C.

- Dung dich P, & 80"C bao hoa ba mudi : Na,SO,, NaCl va NH,Cl- dem lam lanh dung
dich nay thi hiéu sudt ket tinh NH,Cl theo mét don vi thé tich dung dich dem ché bién c6 the s&

dat duge cuc dal.

NH.CI 11{428) B(856
C(a54) L Nacl
NaCl
NHLCI VIII
(765)
. IX
80°C (319)
Na,50,
F(384) Ef(fgg
(NH,),S0, VI(308) e
NaCl L IH632) NaCl
C(753) NaCl B(309)
NH.CI VIII
P{342) (819)
X P,.(525)
@5 I 1,80,
) 5 XI(867)
25°C @17 .
6’ 4:SO,(NH, 1,50,.4H:0
“,
asf
Z P,.(604)
2.50,.10H.0
(N11,),50, S I Nayso,
F478) VI436) X(572) E(1408)

Hinh 61 11&: Na,Cl, + (N11,),80, 5 Nu,SO, + (NH,),Cl, H,0, 25°C va 80'C.
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/. Ta chon diém thanh phan ciia huyén pli ban déu

0 80°C 12 diém 1, n6 nam trong trudng bio hoa cita Na,SO, & 80"C.

Dung dich huyén pht 1 14 do hai mu6i NaCl va (NH,),SO, ndm & hai dau dwong chéo BF
tao ra nén 1 phai nam trén dutng chéo BF. Mt khic, ta thdy dich huyén phi sau khi phan tich
Na,50, 0 80°C phai tring v6i P, la thanh phan ciia dung dich mdi & 80°C ciia dung dich 2.

Do vay, ¢6 thé xdc dinh duge diém thanh phin dich huyén phii ban dau | ia giao diém ciia
tia ket tinh Na, SO, qua P, & 80"C va dudng chéo géc BF.

Dung dich 2 sau khi tich Nu,SO, (rin) dem lam lanh xuéng 25"C s& ¢6 NH,CI két tinh va
dung dich 3 (vi dung dich 2 nim trong trudng két tinh ciia NH,C] & d6 thi dang nhiét 25°C).

Téch ket tinh NH,CI, 161 thém rdn (NH,),S0, vio dung dich 3 & 80"C & dugc dung dich 4.

O 80"C tiép tuc them NaCl vio 4 sé duge dich huyen phd 5. Sy phan huy & 80°C s& 1am
tan NaCl va két tha Na,SO, d¢ tao dung dich méi 2(P,)- sau d6 qua trinh lai ti¢p tuc nhu d trinh
bay .

. Dé qud trinh tudn hoan khép kin tht lugng musi NaCl, (NH,),S0, tao huyén phit ban dau
phai bang lugng musi tao ra do ket tia - dé c6 diéu nay thi diém 2 va 4 phai nam trén dudng
yy//cE.

Mudn c6 di€m 4 nay ta phai tim duge diém 3 trén dé thi khan. diém 3 duge xic dinh nhu
Sl

Ve tia két tinh SP; & 80C clia NH,CI trén d6 thi hinh chiéu IO, 06 s& cic dudng CK tai
3"{CK 1a giao tuyén ctia mat bio hod NH,Cl & 25"C v6i mat phing thiang diing tao bdi P, & 80°C
v@i canh bién NH,Cl3.

Chi€u thang dimg tir 3" xudng sé cit tia ket tinh NH,CI-2 tai 3 trén do thi kho.

TirF v& tia ket tinh clia (NH,),S0,, dén 3 5& cit dudng vy tai 4.

V& tia két tinh cila NaCl qua 4 va tia két tinh ciia Na,SO, qua 2 - giao diém cla haj tia nay
la diém 5.

Trén dé thi thang dimg : hinh chiu cta 2 vi 4 1a 2" va 4° trong nhau.

Hinh chi€u cia cdc doan két tinh 2 -3 va 3 - 4 tring nhau, hinh chiéu cia 4 - S va 5 - 2
cling trung nhau. Thanh phan vi luong nuée ciia dung dich rong chu trinh duge xéic dinh bdi ciic
diém 1-2-3-4-5.

2. Tinh ltong ctia qud trink chuyén hod tgo NH,C!
a. Tinh litong cia qud trink phan Iy 0 80°C:

Gia thiét Idy dung dich 2 Jam chudn ~ 1CE - phuong trinh phan huy NaCl, (NH,),S0, dé
tao mot don vi mudi (1CE) dung dich 2 va Na,SO, két tinh 1a:
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Na,* . 287

(NH,),™ : 71,3
xNaQCIz+y(NH4)ESO4+mHZO= zNa,50,+1CE dung dijch 2 2 .

Cl, : 78,4

SO, : 216

‘Thanh phan ciia dung dich 2 doc dugce trén dé thi hinh 62.

Chi y: 1CE la lugng dung dich cia mot duong luong gam cdc mudi (cic mudi déu tinh
cung duong lugng)

Tt phuong trinh chung, 1a ¢6 phuong trinh can bing theo timg cdu tr nhu sau:
V8i: (NH,) ™y = 71,3

Cl,"x =784

SO y=z+ 21,6 »2=497

H,0m =722

Hoa tan 78,4 mol Na,(l, cung 71.3 mol (NH,),SO,v6i 722 mol H,O s& két tla 49,7 mol
Na,S0, con lai | CE dung dich 2

b. Qud trink liam lanh dung dich 2 1ir 80°C xuong 25°C

Phuong trinh Iam lanh dung dich 2:

ICE dung dich 2 = x (NH,CI}{ + 2 CE dung dich 3 (nuéc 6t tudn hodn)
Thanh phin dung dich 2 va 3 doc duoc trén d6 thi:

Dung dich 2 Dung dich 3
Na3'  :287 Na2t .44
(NH,)53*:71.3 (NH ) :57.6
Cr . 7s4 = x(NH),CLd + 2 ar 652
SO :497 SOy :3L8

Phuong trinh can bang timg phan
Vi ClLY: 78,4 = x + 6822
VoL H,0: 772 = 10672 > z = 0,677, x =32,2 mol

Nhu vay lam lanh ICE dung dich 2 s& ¢6 32,2mol (NH,CI), két tha con thira lai 0,677 CE
dung dich 3

3. B¢ thiét lap duoc qud trinh tudn hodn kin ¢ 80°C ciing cdn phai thém vao dung dich 3
mét duong lugng (NH,),SO, va (NH,CD), wong duong véi duong lwong (NH,CD), da k&t 1ha 1a
32,2.
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Bude thtt nhat cla giai doan nay 1a thém 32,2 mol (NI1,),80, vio dung dich 3 0 80°C dé
1ac dung dich 4 theo phuong trinh :

0,67CE dung dich 3 + 32 2(NH,),50, = u CE dung dich 4.

Thanh phin cua dung dich 4 va 5 tinh duoc tir phuong trinh can biang:

Dung dich 3 Dung dich 4
Na,™ @424 Nat o X
(NH )22+ . 57,6 NE )_’+ . _
0.677.CE ) +32.2(NiL,),80, = u.CE (NH;™ - (100-%)
Cl,- - 682 L oy
50, 318 SO :100-y
Phuong trinh can bang riéng:

Na,2* :0,677.42,4=x (D
(NH,),>: 0,677.57,6 + 32,2 = (100-x)u (2)
SOF :0,677.31L.8+ 32,2=(100-y)u (3)
Cl,Y :0677.682=yu (4)
1L,O :0,677.1067=n.u (5

Giai he trén, la duoc: u =1, x = 28,7,y =462 n=T22.

Do d6 thanh phin cia dung dich 4 s& L

Na,™" 0,677.42,4=x= 287

(NH,),»  0,677.57.6 +32.2 = (100-xju= 100 - 28,7 = 71,3

-

50,7 0.677.31.8 + 32,2= (100-y)u= 100 - 46,2 =538
Cl,” 0,677.682=y.u= 462
H,O 0.677.1067 = n.u= 722 mol
Tir d6 ¢ thé xdc dinh vi i cta diém dung dich 4 trén d6 thi hinh 62.
Phuong trinh tong qudt khi them 32,2 mol NaCl viio dung dich 4 dé tao dung dich huyén
phu 5:
1CE dung dich 4 + 32,2 Na,(l,= zCE huyén phit 5.

Khi do 1a co:
Dung dich 4¢(1CE) Dung dich 3(z CE)
Na,** 287 Na' o x
(NH,),™: 71,3 (NH,) : (100-x)
ClF 1462 |+322NaCh=z  |CLF v
SO :538 SO :{100-y)
HO 722 H.O ‘m
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Hinlt 62: He Naj™,(NH, )3 //SO%,CI3 —H,0.25"Cva 80" C
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Phuong trinh can béng riéng;
Na,”™ :387+322=x.2,2=1,32
(NH,),* :71,3=(100-x)z, x = 46,1

SO :53,8=(100-y)z, y=359,3
Cl” 1 46,2 + 32,2= y.z, m= 546
H,O 1722 =mz

Do vay thanh phda diém huyén phil 5 s¢ 1a:
Na,”* = 46,1: (NH,),™ = 53,9; SO,* = 40,7; ClL,” =59.3va H,O = 546

3 80°C huyén phil 5 tién hinh phan huy NaCl va (NH,),S0, dé tao két tia Na,SO, theo
phuong trinh sau:

1,32 CE huyén phi1 5 = y Na,SO,4 + z CE dung dich 2

hoac:
Huyén phii 5 Dung dich 2
Na,”  : 46,1 Na,”  :28,7
(NH,),**: 53,9 (NI1,),**: 71,3
CL*  :59.3 = ¥y Na;S0,+ 2CE Cl7 784
SO 40,7 SO 216
H,O  :546 HO 722

Can bang riéng:
VG6i Na,™ 1 1,32.46,1=y +28,7z
Voi (NH,"),* 0 1,32.539=713z,2=1,y =322,

Cudi cung thi chu trinh tudn hoan kin s€ tién hanh véi luong nhu sau: 1,32 CE huyén phi
5 & 80"C hoa tan 32,2 mol (NaCl), ciing 32,2 mol (NH,),S0, s& két tinh 32.2 mol Na,SO, tao ra
ICE dung dich 2. Dem Iam lanh xudng 25°C s& két tinh (NH,),Cl, s& thira ra dung dich 3, s&
thém (NaCl),, (NH,),80, nhu trén & 80°C dé duge 1,32CE huyen phil 5 — sau dé qud trinh nhu
vay tiép tuc tién hanh.

Vi du {2: Lap quy trinh coéng nghé va tinh luong qud trinh’ phan gidi wuc uép
Na,S0,.10H,0 va KCl dé thu duge K,SO, vdi hiéu suét cao nhat. Cho bist:

1) Bang s6 ligu hoa tan cta hé Na,™, K,/ C1,%, SO, H,O & 25'C va dé thi hodt tan vé
theo bang s& liéu dé.

2) Khi tinh todn 18y 100 mol tong mudi khan trong phai' liéw.
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Gidi:
* Diu tién dua vao dd thi lap dugce tir bang s0 lieu dé x4c dinh dugc diéu kién cong nghé:
- Vi nguyén liéu ban ddu ja KCi va Na,50,.10H,0 nén diém thanh phan phoi lid¢u nhat
dinh phai 3 mot diém nam trén dudng bd (KCl- Na,SO,.10H,0)
Dé thu duge K,S0, rin cd hiéu suat cao nhil thi trong dung dich thu dugc sau khi két tinh
'K,S0, phai chita NaCl 16n va K,S0, nho la hop Iy nhil. Vi vay, chon diém thinh phdn pha léng
. sau khi két unh K,80,la p
3 _ Cudi cling diém thanh phan phdi lieu (diém h¢) phai 1a diém giao nhau clia dudng bd va
cp - chinh la diém 1.

Na,SO. L
4 - L NaGh

4

n

K;Cl,

K,S0,

Hinl 63: He Na,™, K,/ €L, 80,7, H,0, 25°C.

* Tinh lugng theo hai phuong phdp :
1. Tinh luong theo quy tic don biy:

Theo dé bai tdng mudi kho trong phdi ligu 14 100 mol, nén:
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a. Phoi lidu:

) 4
Luong K,Cl, ding : l_—d = 745 = 74,5 mol
bd 100

Luong Na,SO, dung = 100 - 74.5mol = 25,5mol

Luong H,O k€t tinh mang vao ka 25,5.10=255 mol

b. San lwong K-S0, két i
SN . L p.1 20.1
Luong K,SO, két tinh = tong mudi kho trong 1—0_ =100.- 6 =21,25 mol
P
. . s 25
Hieu sudt thu K, n = 21,25 (100 =28,5%
74,5

c. Lieong mueée thém vao

- Tir bang $& ligu tra duge lugng nude 1a 1940 mol nude/ 100g mudt kho.

- Téng muai kho trong long P(Lp) a: 100-21,25= 78,75mol.

- Toan bo nude thém vio s& ndm hét lai trong Lp (¥ cua dau baiy. Néen luong tuyét doi cua

C
1)4(? 78,5 = 1525 mol.

nuée trong Lp la:

Vay luong nudc thuc t€ cén thém la: 1525 - lugng nude do két tinh Na,50O,.10H,0 mang
vio1525 ~ 255 = 1270 mol H,0.

2. Tinh luong theo phuong phdp can bang vat chét
a. Phuong trinh cdn bdng tdng qudt.
xK,Cl,+ (100 - x)Na,80,.10H,0 + yH,0 = 3IK.S80, +vlp.

Tit bang s6 licu tra duge thinh phan cua Lp nhu sau:
K, 67,5%; Na,": 32,5%; Cl,7: 94,6%; SO,™: 5,4% va H,0 1940mol/100mol mudi kho.
b. Lap plutong trinke cdn bang vat lidu riéng

K,* :0,6753%+ z=x(1)

Na,™ : 100 - x = 0,325v(2)

CL7 : 0,946v=x(3)

SO,> 1 0,054v + 3= (100-x)(4)

H,0:10{100 — x)+y = 1940v(5}
c. Gidi hié wén

Tir (2)va (3) co: 100-x 0325
X 0,946

—->x=74)5
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Te Gy ve 22 279

0,946

~Ti(i):z =745-0675x79 =21,25

ST (5): y =1940x 79 - (100 - 74,5).10 =1275

Bdng 15: He Na,™, K, *// L%, SQ,r, H,0, 25'C

Thanh phén pha long ‘\
Pi¢m % ion mH,0/100mol Pha ran
Na, SO.> mudi kho
a 100,0 0 1806 NaCl
b 0,0 0 2300 KCl
¢ 0,0 100 8030 K,S0,
d 1000 100 2830 Na,80,.10H,0
e 1000 199 1590 NaCl + Na,50,
f 85.2 20,9 1460 NaCl + Na,SO, + NaK(50,),
h 70,5 6,5 1465 NuCl + NaK,(S0,), +KCl
i 70,0 6,5 1525 NaCl + KCl
K 87.8 570 1660 Na,SO,+Na,S0,. 101L,0+ aK,(SO.),
L 1000 46,5 1730 Na,80, + Na,80,.10H,0
n 81,3 1000 2070 Na,S0,.10H,0 + NaK,(30.),
p 32.5 5.4 1940 NaK (80,),+KCl + K SO,
X 39.1 100,0 4445 NaK(S0,), + K,S0,
u 39,1 35 2285 KCI + K,50,

d. Két qud

K,Cl, @ X = 74,5mol

Ciéc chat dua

VA0

Na,50,.10H,0: (100-x) =
25.5mol, H;O: y =
1275mol

Lay dugc

K,SO, z = 21 ,25mol,

Lp 1615 mol (mudi kho:
v=79, nudc: y+255
=1530mol)
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Vi dy 13:Ché tao Na,S0,.3K,S0, bang cich phéan giai K,Cl, va Na,50,.1011,0 va H,O Van
ding bang s6 liéu va d6 thi cla vi du 12 - khi-tinh 1odn 1ay tong mudi kho trong phoi lieu la
100mel.

Bar gidi :

Vi san pham rin cdn dat duge 1a NaK(SO,); c6 chda cdc ion: Na ¥, K¥, SO,” . nén dung

dich thu ducc sau khi két tinh mudi trén s& chita ion K* it nhat va ion CT nhiéu nhét - néu muci
. ¢6 hieu sudt thu héi K' 1a cao nhat. Nhu vay, r& rang 12 diém thanh phin dung dich con lai phai
. nam tir f—>h. Vé mat ham lugmg K* thi { chtta K* it hon h, vi vay ta chon dung dich con jai Ia f va
diém phai liew 1a diém 3, 12 giso diém cia dudng fS va bd.

Laugng nguyén liéu can ding:

d3 '
Luong K,Cl, ==.100 = iz—.lOO =42 mol.
bd 100 .

Luong Na,SO,.10H,0 = 100 — 42 = 58 mol.

Nudc do Na,SO,. 10H,0 mang vio : 38.10 = 580 mol.

San luogng Na,SO,.3K,S0, (mudi kép S)

3
Lugng muéi kép S= :f.IOO = ﬂ.lUO: 46,2 mel.
S.f 99,5 .

Lugng nudc cin thém vao :
Téng muéi khan trong f: 100 — 46,2 = 53,8 mol
Tir bang 6 liéu ta duge lugng nude trong Lf ta: 1460mol/100mol mudt khan nén luong

nude tuyét doi rong Lf: %.53,8 =782 mol.

Vay lugng nude can dua vao la: 782 — 580 =202 mol

Hiéu sudt thu K* 1 = 22 > 100 = 82.5%
12 4 :

Bai tdp:
1. Néu chon diém thanh phan dung dich sau khi téch Na,50,.3K,50, 1a h thi lugng nudc
cin dua vao va hiéu suat tich K,* 13 bao nhiéu?. Tong mudi trong phéi ligu 1a 100mol.

2. L.ap quy trinh va tinh todn vé lutong bién thién cha qud trinh san xuét K,S0, tir nguyén
lieu dau 13 K,Cl, vit Na,SO,.10H,0 qua khiu trung gian 1a ché tao Na,SO,. 3K,S0,. Cho:

a/ Bang s6 liéu hoa tan h¢ va dé thi v€ tir bang 15.

b/ Téng mudi kho trong phéi liéu clia giai doan tao K,S0, 1a 100mol.
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Bai gidi:
Ciu 1): Diém phai lieu la 4.
- Lugng nguyén li¢u cin ding :

d3 5
Lugng K,Cl, = dj .100:—_! 100 = 5lmol
db 100

Luong NSO, 10H,0 = 100 - 51 = 49 mol
Nude két tinh do Na,SO,. 1010 mang vio: 49.10 = 490 mol
Lugng mudi kép Na,S0,. 3K,50, ket tinh tao thanh:
Lugng mudi kép S = 2.100 = 48— 100 = 53,9 mol.
S h 104
- Luong nudc cdn thém vao :
Vi t6ng mudi trong h: 100 - 46,1 = 53.9mol
Tir bang s06 liéu t, ¢6 duge lugng nudc trong Lh la 1465 mol/100mol muor Khan

i 1465
Lugng nudc tuyét doi trong Lh: %6 .53,9.= 790 mol.

Vay lugng nude cin thém la: 790 - 490 = 300 mol.
- Hi¢u suat thu K,

"
p=30L 3 y00-680%
31 4

Cau 2): Giai doan chi tao Nu,SO,.3K,580, da trinh bay toan bo phidn & trén v diém phoi
licu 3. Thu dugen .. = 82,5%.
Lugng S, thu duge = 46,2mol.

Giai doan phan huy Na,SO,. 3K,S0, khi ¢6 mat K,Cl, thi dé dat duge K,S0, két tinh 1on
thi K,SO, 16ng con lai phai nho va Na,Cl, 1dn. Ta chon diém P Ja diém long, nen diém phdi lidu
cla gial doan nay la diém 2 (giao nhau cua S,b vacp).

" Tinh lrong:

- Lugng nguyén li¢u can ding :

v|
<
b2

43

Luong K,Cl, = 100 = —.100 =43 mol
100

LA
Ll
[

Luong Na,S0,.3K,S0, = 100 - 43 = 57 miol.

3
Trong do lugng K,S0, =57. 1 = 42.75 mol va lugng Na,SO,= 57. ; = 1425 mal.
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- Sin lugng mudi kép S = @.100 = 54,8 mol.

Vi téng musi trong Lp: 100 — 54,8 = 45,2 mol.

Tu bang s6 liéu ¢6 duge luong nudc trong Lp 1a: 1940 mol/100mol mudi khan

Lugng nudce tuyét doi trong Lp: -1%.45,2 = 880 mol.

Day ciing chinh 1a luong nudc dua vao thém can thiét.
- Hiéu sudt thu K,**:

_ 48

Ty T 34275

100=639 %

Hiéu sudt thu K, ca hai lin dé duge K,S0,1a:

MNyian it = ??}g 639 % =528 %

rllrl_n.' 1idp - 28,5 %
Bdng 16: He Na*, K'// CI', NO;, H,0, 5°C va 100°C

Nhigt Théanh phan pha long
4o, | piém % fon mol H,0/100 mol Pha rin
"C K NO. mudi kho
A 0 0 827 NuCl
B 100 0 739 Kl
C 100 100 229 KNO,
D 0 100 268 NaNQ,
E 49 0 566 | NaCl + KCl
100 F 100 78 221 KCl + KNO,
G 44 100 113 NaNO, + KNO,
H 0 85 254 NaNQ, + NaCl
P, 43 9,5 124 NaCl + NaNO, + KNO,
P, 62 80 181 Na(l + KCl + KNO,
N, 12 57 480 NaCl + NaNO,+ KNO,
; N, 23 22 650 NaCl + KCl+ KNO,
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NaCl - l E KCl

A i
]
L
I
H
NaNOQ, KNG,

Hinl 64: HE K*, Na*//Cl", NOy, H,O, 5'C va 100"C.

Vi dy 14: Lap quy trinh cong nghé va tinh lugng cla cdc phuong 4n ché tac KNO, tir
NaNO, va KCL. Cho biét dé thi he K*, Na*// CI, NO, , H,O & 5°C va 100°C duge lap theo bang
s6 liéu 16:

- T d6 thi 2 nhi¢t d9 ta thay, cap NaCl- KNO, 1a mot cap tuong tic 6n dinh mi thong
thudng thi trong phin ng trao déi déu c¢6 xu husng chuyén dich vé phia tao musi on dinh.

- Mit khdc, tir do thi cling thay dugc khu két tinh cia KNO, phinh to rat nhiéu tir 100"dén
5°C, con NaCl thi nguoc lai.

- Vi vay, ¢6 the 10i dung dic tinh nay, ¢6 dung dich & 100"C dé két tinh NaCl va thu dugc
dung dich giau KNO,, dem lam lanh dung dich giau KNO, nay s& thu dlIO’C KNO ket tinh - cu
tudn hoan nher vay thi sé thu duge NaCl va KNO, tinh khiét. .

- Dé san xuat ra duge mot san phim cé thé ¢4 nhidu phuong 4n cong nghé khac nhau, ¢é
thé dua ra day hai phuong 4n dé so sdnh:

Plutong én 1: Hon hgp nguyén liéu vai ty 16 mol 1: | ciia NaNO, va KCl (diém a trén dé
thi). Thém mot lugng nude thich hop dé tén hianh phan giai.
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- Co ding nhigt dung dich a & thu duoc NaCl két tinh vit dung dich con lai ta b.

- Tach ket tinh voi lam lanh dung dich b xudng 5'C s& thu duge két tinh KNO, con lai

dung dich ¢ teanh N,)
- Tach KNO, xong, bo sung nguyen li¢u « vio ¢. Sau dé lal ¢6 dic, boc hai, lam lanh...

Ta tinh lugng theo 100 don vi mudi CE cia dung dich b (CE 1a liong dung dich chita mot

duong luong gam tong cic muoi, Ii lugng dung dich chita mot mol 1ong cic mudi )
1} Laun lanh dé lay KNQO.:
- Phuong trinh cin bing tong quit:
100Lp + x H,0 =y KNO, + zLc¢

Thinh phin cla bva ¢ doc true 1i€p trén dé thi. Ham luong nide 6 thé tim duge bing
phuong phip ndi suy (I3 va P, — b)

K' :59 K 1 23,5
Na* 41 ' Na* 1 76,5
Cl 141 +xILO =yKNO.+z Cr :76.5
NO; :59 NO, ;23,5
H,O :283 H,O : 640

Lap phuong trinh can bang riéng cho timg cdu tir :

K* Yy +23.57=59 (1)
Na* 176,35z =41 (2)
Cr 176,52 =41 (3)
NGOy :y+2352z=59 (4)
H,O 283+ x =640z (5)

Tur{2)hodc(3)cd:1z= 4—1_ =(,537.
76,]
-Tu(l)yy = 39-23,52=463,tir (5): x =640z — 283 = 60
(Két qud : 100 don vi dung dich b + 600mol H,O lam lanh ¢ 5°C dugce 46,3 mol KNO, va
thira 59,7 don vi dung dich C)
2} Thém a vao dung dich ¢ 16i c6 dang nhiét dén 100"C s& ¢6 NaCld va dat dugc dung
dich b

- Phuong trinh can bang tong quit:



Thanh phan cla b va ¢ doc trye 1i€p trén dd thi. Ham lugng nudc ¢

53,7Lc + xa— yH,0 = 3KNQ, + 100L.b

phuong phip noi suy (E va P, — b}

thé tim duoce bin

K" :23,5 K* : 59
Na*: 76,3 Na' : 41
0,537 (¢l :76.5 + xNaNO, + xKCI- y 11,0 = z NuCl+ Cl - 41
NO;: 23,5 NG 39
H,0: 640 1,0 - 283

- Lap phuong trinh cin bing riéng che timg cau tir ;

K : 0,537.23.5 + x = 59, X =59 127 =463
Na*: 0,537.76.5 + x = z+41, 2=41 — 4] +46,3 = 46,3
H,0: 0,537.640 — y = 283, y=343-283 =60

Thém 46,3mol KCl va 46 3mol NaNO, vio 53,7 don vi dung dich ¢ réi co dang nhiél
100"C dé tich 60 mol 11,0 s& thu dugc 46,3mol NaCi két tinh va 100 don. vi dung dich b.

Trong san xudt luong phdi duge tinh bang khdi lugng chd khong phai 1 theo mol. chiing
ta chi cdn tra hoiic tinh phan 1 lugng clia cic mudi réi ddi s6 mol thanh khdi luong la duoc, vi
du: vo1 bai tap trén phan tr lugng cic mudi fa: KCI 74,6: NaCl 58.8; KNO; 101; NaNO, 85.

KNO,: 0,59.101 = 59,39
Lugng mot don vi CE dung dich b (134,59 g) NaCl:  0,41.58.8 = 24

H,(: 28318 =51
KNQ;: 0,235.10t =23,735

NaCl:  0,765.58,8 = 45
HO:  64.18=115

Lugng mot don vi CE dung dich ¢ (183,735 g)

Phuong dn 2: Sau mdi mot 1in tudn hoan, lugng mudi ran tinh khiét duoce ket tink i dung
dich phai cang nhiéu cang (St. Vi vay, cin thict phai lya chon thanh phin dung dich tuan hoan |

Vidu: Dung dich sau khi két tinh NaCl phai giau KNO, Con dung dich sau khi két tinh
KNO; phai giau NaCl... Nhu vay, néu yéu ciu két tinh KNO; thi dung dich ¢6 chiga KNO, dé tao
k€t tinh d6 nén 14 dung dich P, - 1a dung dich thu duge sau khi két tinhh NaCl (P, ciing chinh 1a
diém he dé lam lanh k&t tinh KNO,), phuang dn tuan hoin sé la: O75'C, KNO, sé két tinh tdch tir
P, va dung dich con lai la d. Them a (¢6 ty 1¢ mol KCIf NaNO, =1/1) vio d dé duoe hé mudl m
(giao diém clia da va AP,). Co dang nhiét dung dich & 100°C s& tdch két tinh NuCl, dung dich
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con lai 1a P, - sau dé lat ti€p tuc tudn hoan nhu trén. Tinh lugng theo 100 don vi (CE) mudi cla
P,

1) Lam lanh de lay KNO;:

- Phuong trinh cin biing toéng quat:

100Lp, + x 11,0 = y KNO, + zLd

K :62 K*:13
Na* : 38 Na* : 87
Cl 20 +xH,0 =y KNO, +z Cl :46
NO,: 80 NO, : 54
H,0 : 181 H,O : 499

Lap phuong trinh can bang riéng cho timg ciu tir ;
K* 1y + 13z=62 (1)
Na™:87z =38(2)
H,O ;181 + x =499z (3)

Tu(2):z= 38 =0,437
87

-Tu (i) y= 62-13.0437=1563
-Tw(3) : x =499 . 0,437 - 181 =37

Nhu viy, thém 37mol H,O vao 100 don vi dung' dich P, réi 1am lanh xudng 5"C s& két tinh
56,3mol KNO,, con thira lai 43,7 don vi dung dich d.

2) Thém nguyén liéu vao dung dich d(Ld), c6 ding nhi¢t Ld d€ dat két tinh NaCl va thu
dung dich Py(Lp,)

- Phuong trinh can bang téng quat:
43,7Ld + x a — yH,0 = zNaCl + 100Lp,

K* @13 K* :62
Na* :87 Na™ :38

0.437 lcr 46 + x NaNO, + x KCI - yH,0="2NaCl + Cl :20
NO.: 54 NO;: 80
H,0:499 ' H,O: 18]

- Lap phuong trinh c¢dn bang riéng :
K*  13.0437 + x=062(1)
Na* 87.0,437 =z +38(2)
H,O 499.0437 -y = 181(3)
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-Tu(2)c6: z=287.0437+ 56,3 - 38=56,3
-Tu(l) x = 62-13.0437=56,3
T3y y =499.0437-181=37

Két qud la: Thém 56,3 mol KCl va 56,5mol NaNO; vao 43,7don vi Ld - dem co ding
nhiét L.d 0 100°C s& mdt di 37 mol H,O s& dat 56,3mol NaCl két tinh v 100 don vi musi dung
dich Lp,

D¢ doi 56 phan tr gam (mol) ra don vi khéi lugng ta can biét phan tir fuong ciia cdc ion.
Cuy thé 12:K* 39,1; Na* 23; CI 35,5: NO, 62; H,0 18. Do vay:

Mot donvi dung dich P, Mot don vi dung dich d

K* 062391 =245 0.13.39,1 =0.58
Na* 03823 =872 08723  =20,00
CI' 020355 =710 0.46.355 =16,33
NO; 0862 =496 05462  =33.40
HO 18118 =326  499.18 =9000
Téng 122,27 16491

127



Chuong V: HE NAM CAU TU MUOI - NUGC

L PHAN LOAI

C6 hai loai h¢ bac nam mudi - nude 1a:
L. Hé bac nam muoi - nude don gidn: 13 hé tuo bdi bon musi cia mat loyl anion hay mot loai
Culion V3 nuSe tao thanh

Vidu: A" B, C', D'//X, H,0, {'C

hay A/ X, Y, 72, H,0.1"C. La loat he it gdp va it ding trong thyc 16,
2. Hé bac nam mudi - nuée tueng tic: ¢6 thé bicu dién nhu sau: He do 1,0 va cdc musi do 5
ion khdc nhau tao thinh:

ALBIX, Y. Z - H,0,1°C

Hay A" B, C// X, Y', H,0,t°C

Cuy thé nhu hé: Na', K*, Mg®// Ct, SO, 11,0, ("C dugce diing trong cong nghiép dé san
Xudt cde hod chil tr nude bién va he: Na', NH,'// CI', OH', HCO;, H,0, 'C dugc ding trong
cong ngheé di¢u ché natri cacbonat bang phuong phip amoniac. ..
IL KHAI QUAT QUA TRINH NGHIEN CUU HE BAC NAM MUOI - NUGC

Vi 86 ciu tir nhidu nén quan h¢ pha rat phic tap do vay vite nghién cttu gap rat nhidu khé
khan tchil y&u phii lam met luong I6n cong viée phan tich chinh xdc). Nen chh yéu méi tap
trung vio cic mudi dé hoa tan thudng gap nhu cic mudi clo va sunfat cia kim loai kiém va kiém
tho va dién hinh nhat 3 he 120 bdi nude bicy.

Néu bo qua ham lugng twong doi nhd cua cdc ion khic thi ¢6 thé xem nuée bién 1a he bac
nam mudi - nude saw: Na*. K*, Mg/ CI, SO, H,0, tC.

Tiéu bi¢u cho nghién et nay la nghién citu ctia nha bic hoc Ha Lan Van’t Hoff da bo ra
10 nam lién dé nghien ciu he bac nam nay cha musi md vang Stassfurt cla Biic va da lap dugc
dé thi can bang bic 5 clia he dé & 25'C, 55"C va 83°C.

Ngoai ra cdc nhi bic hoc Nga, Nhat... ciing di ¢6 nhiéu ¢ong trink nghién ciju vé hé nay
nhimg do cdc khé khan néu wén nén so vi hé 3 va hé 4 con rat it.
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[11. PHUONG PHAP BIEU DIEN THANH PHAN HE;
1. Biéu do khong gian

V4i he 5 ciu ur hod tan, néu bo qua nuée thi dé thi ding nhiét duoc thé hién bai hinh lap
thé, trén do chi thé hién duge quan hé giiia cdc mudi khan, Ta lay hé¢ nudc bién dé minh hoa;
dem hé nuée bién ¢6 nam ion Na™, K*, Mg, Ct, SO, va H,0 hop thanh s& duoc sdu loai mudi
nén ¢6 thé xem hé nam trén la do cic hé sau lap nen:

a. Sdu hé hai cdu 1t mudi- mioe 1o :
KCI-H,0, NaCl- H,0, MgCl,- H,0
K,SO.- H,0, Na,50,- H,0, MgSO,- H,0
b. Chin hé ba cdu 1t muéi - moc:
N2,S0,- K,S0,-H,0; Na,SO,. MgSO,-H,0
K,S0,- MgS0,-H,0: Na,Cl,, K,CL-H,0
Na,Cl,- MgCl,-H,0; K,Cl,, MgCl,-H,0
Na,S0,, Na,Cl,-H,0; MgSO,- MgCl,-H,0
K,SO,- K,Cl,-H,0

MgS0, MgCl,
4
4
/s
Fd
4
/
{/
| 60 4
[ /|
VAV ANGE m /Wm’
‘ __+\__\;4Q ___________ / J\\“\
Na,50, ! Na,Cl, ~~ |
.
K“\,
S
s S
K2304 KZCIZ

Hinh 65: Bicu d6 khéng gian hé bac 5.
¢. Hai hé bon cdu tit mudi - nueie don gidn:
Na,50,- MgSO0, - K,S0, - H,0
Na,Cl,- MgCl,- K,(, - 4,0
d. Bu hé tiwong tdc bon cdu tir -

Na*, K*//Cl', SO*- H,0
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Na*, Mg?//Cl', SO, - H,0
K*, Mg™//CI, SO,” - H,0

Nhu vay dé c6 thé thé hicn toan bo tap hop trén bi€u do cdn ¢6: sdu dinh, chin dudng, hai
mat tam gidc déu va ba mat vuong,

Khéi lang tru tam gide déu hoan todn thoa man yéu cdu trén - né ¢é sdu dinh, chin dudng,
“hai mit tam gidc déu va ba mat vuong. Ta xem qua cach bidu dién cla bi¢u d6 hinh 65

Vi trong hé nam tuong tidc mudi - nude, s6 duong luong cic ion duong (s6 duong luong +)
.bing s6 duong lugng cac ion am (56 duong luong -)

S duong lugng (-) = s6 duong lugng (+) =100%

Vi du : h¢ nam cdu tir mudi - aude ¢6 thanh phan mudi khan la Na,™ 50%; K,*' 20%; Mg™
30%; SO.* 60%; Cl," 40%

Téng duong luong (+) = duong tugng Na,™* + dwong lugng K, + duong luong Mg*'=
50+420+30=100
Téng duong luong(-) = duong lugng SO, va duong lugng C1,7 = 60 + 40 =100

O hinh 66: Cic dudng nim ngang song song bifu dién ham luong tuong doi clha cdc
cation. Cic dudng song song thang dimg biéu dién ham lugng tuong déi clia cdc ion am. Cdch
tim diém m trén hinh 66 nhu sau:

Hinhi 66: D6 thi khong gian ding nhiét hé bac 5 mp6i - nude tuang tic don gian nhat.

Dua vao thinh phin clia cation ta xéc dinh duge hai diém m’ va m™ trén hai mat tam gide
déu. N&i m’ véi m”, 1dy tit m” trén dudmg m’ m”™ doan bing 4/10 m’m” (nd twong duong ham
lugng cha jon CLY). Ta s& duge diém m - 1a diém thanh phan ctia hé cin tim,

Theo phuong phdp trén - cin ¢t vio cdc 56 liéu hoa tan cua hé bac nam tuong tic nay, 1a
s& xac dinh duogce cdc diém lién quan khdc va s& thu duge mot bi¢u dé khong gian hoin chinh:



Néu hé khong tao hydrat, khong tac mugi phic thi biéu dé khong gian i don gian nhat
nhur hinh 66:

V&i biéu dé trén, phin gidi han bén ngoai chiing ta ¢6 th¢ dé dang tim hiéu duoc.

Phin bén trong hinh khong gian phan thanh siu thé tich két tinh (sdu khu vuc két tinh)
Ung véi sau mudi.} 7 di: Phin gach chéo [ thé tich két tinh cua mudi CY. _

Mit ranh giGi cla hai thé tich két tinh 13 mat biio hod chung cla hai mudi. V7 de: Mt
R,P’K P, ¢6 mud1 CY va CX cung bio hod , giao tuyén clia hai mit ¢d ba mudi clng bio hoit.

Vi di: Puong PR, ¢6 ba mudi CX, CY, AY cung biio hoa

Vi duy: Diém R, ¢6 cdc mudi sau biio hod : CX, CY, AY va BY

Biéu d6 khong gian xay dung rat khé khan va viéc (mg dung ciing khong may tién loi.

D¢ dé hicu va dé img dung, ta nghién citu biéu dé phing va kht d6 phdi bo qua mot s6
bién s0.

Vi di: d6i v6i hé nuGe bién, van dé cdn nghién ctu chi yéu 1a 1ong hop loi dung sau khi
phdi mudi, nhu vay 1a chi nghién cifu phan nudc bién di bio hoa NaCl. Do vay, biéu doé cd thé
chi cdn 1hé hién mai quan h¢ giira ba ion K,™, SO, Mg®*. Va nhu viy ta ¢é thé dimg dé thi tam
gidc déu — cdn cdc ton Na,™, Cl,* va H,0 s& duge tinh toin dua vio 3 jon trén.

2. Bi¢u dé tam gidc déu - biéu dé khan hinh 67:
Mg*(MgCl,)

SO, ,(Na,SO,) ﬂ,ﬁ/ K> (K,Cl,)

Hind 67 Biéu do khan.

Gia du mot dung dich m ¢6 thanh phan nhu sau: K, 10 duong luong, SO 20 duong
lugng, Mg™ 20 duong lugng. Cl,™ 25 duong tuong, Na,™ 15 duong luong, H,O 200 phan tir gam.
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D¢ ¢6 thé biéu dién diém he m wen d6 thi tam gidc déu ta cdn chdp nhéan tdng duong
lrong ion gam coa :

K, + 80,% + Mg™ 1a 100% (tiic tinh theo hé mudi CE)
Nhur vay, ham lugng ion gam cia K, trong hé trén sé la: % 100 = 20%.

Ham lugng ion gam clha Mg?* s¢ Ia: %O) 100 = 40% va cha SO 12 i% 100 = 40%.
Tinh him luong jon (hoidc phan il ) clta Na,™, C1,%, H;0 theo gde rén sé la:
2+ 15
Na,™": = 100 = 30%.
30

ClL,*: 23 100 = 506
50

H,0: % 100 = 4000.

Dua vao cdc s6 li¢u trén, ta s8 tim duge diém m trén dé thi. Thyc ra, ba dinh cita tam gidc
déu biéu'dién ba mudi nguyén chit niu:

binh Mg™ ¢6 SO,* =K,**= 0 nén n6 biu dién musi nguyén chat MeCl,.

Binh S0,% c6 Mg™ =K;* = 0 nén né bicu dién musi nguyen chat Na,S0,.

Binh K, c6 SO, = Mg’ = 0 nén né biéu dién musi nguyen chit K,Cl,

Can ctr vao cdc 56 lieu di cho trong bang 17, ta lap dugc biéu dé clia he 5 mugsi - nuoe:
Na®, Mg™, K,2//Cl', SO.F, H,O ¢ 25"C trén dé thi tam gidc déu (hinh 68). Khi lap biéu dé nay,
cde quy tic da hoc & cde phan trude déu duge tng dung. Trén bi¢u dé & 25"C sdy, ngoai NaCl
con ton tai I3 mudt xudt hieén & dang rin - nén dé thi ¢é 13 khu vuc tuong ung vai 13 pha — phai
rit chid y trong timg khu vye ngodi mudi da ghi bao hod lusn ludn phai ¢6 thém NaCl bio hoa.
Viéc tim diém thanh phan clia cic mudi trén dé 1hj ctng don gian- chi cin nhd nguyén tic la:

Bat ky mudi gi, ta chi khio sdt ¢6 ba ion ta: K,2*, Mg vii SO,2, ta tinh todn trén bicu dé
s€ xdc dinh duge vi uri trén db thi.

Vi du: MgSO,.4H,0, MgS0,.5H,0 . MgSO,. 7H,0.

Tren do thi ching chi the hien ¢6 mot diém- d6 13 diém giifa cla canh Mg’ - 80,7 vi céc
mudi trén chi c6 Mg™ va SO,” |, trong s6 ba ion va & duong lugng ion ciia Mg’ = s6 duong
luong cua ion SO, ion SO,* = jon Mg® =50 %

Mot vi du khde: KCL.MgS0,.3H,0 thi chi xét ¢6 ba ion nén 3 ion K,*=20%, Mg™* = SQ,*
= 40% va do d6 diém bicu dién cia né 1a diém Q.



Bdng 17- He K, Na,™', Mg/ SO, CL;*, H,0, 25°C

Pha long
piém | K, + Mg+ SO,7 = 100M Pha ran
K2 | Mg” |Na” |HO
1 81,9 |00 196,0 | 4070 Nec+Ns.3Ks+Ke |
2 26 |556 362 |1510 Nc+Ns.3Ks+Ke+Ks. Mgs.6H,0
EE 205 | 586 |282 | 1450 Ne+Kc+ Ks.Ms.4H,0+Ks.Ms 6H,0
5 11,3 | 123 11,3 | 1200 Ne+Ke+ Ks.Ms 4H,0+Ke.Ms.3H,0
7 66 |80 |36 1190 Ne+Ke+ Ke.Ms.3H,0+Kc.Mc.6H,0
8 77 (923 |54 1300 Ne+Ke+ Ke.Me.6H,0
9 41,5 |00 238,5 | 4090 Nec+Ns+Ns.3Ks
10 17,8 | 336 {1041 |2170 Nc+Ns+Ns.3Ks+Ns.Ms.4H,0
il 0,0 1456 |142,0 | 2805 Nc+Ns+Ns.Ms.4H,0
12 162 | 54,8 (434 | 1560 Nc+Ns.3Ks+Ns.Ms.4H,0+Ks.Ms .6H,0
13 150 |564 390 11480 Ne+Ns.Ms.4H,0+Ks Ms. 6H,0+Ks.Ms.4H,0
14 89 1694 |120 | 1140 Nec+Ns.Ms 4H,0+Ks Ms.4H,0+Ms. 7H,0
15 00 |786 |159 |I1305 Ne¢+Ns.Ms.4H,0+Ms.7H,0
16 77 1710 |100 | 1080 Ne+Ke.Ms.3H,0+Ks.Ms.4H,0+Ms. 7H,0
17 54 | 810 |47 1060 Nc+Ke.Ms.3H,0+Ms. 7H,0+Ms.6H,0
18 0.0 87.4 21,7 1110 Ne+Ms. H,O0+Mgs.6H,0O
19 20 88 .4 1.5 (980) Nc+Ke.Ms.3H,0+Ms.6H,0+Ms.5H,0
20 0.0 91,1 1.6 982 Nc+Ms.6H,0+Ms.5H,0
21 a» |vos a3 {950 Ne+Ke.Ms. 31L,0+Ms.5H,0+Ms 4H,0
22 0.0 9235 | 1.1 953 Ne+Ms.3H,0+Ms.4H,0
53 L1t lots |12 |odo Ne+Kc.Mc.6H,0+Ke.Mg.3H,0+Ms 4H,0
24 0.3 04,7 0.3 ]85 Ne+Ke.Mc.6H,0+MgCl,.6H,0+Ms.4H.O
5 02 l9os |o0a5 |957 Ne+Ke.Mc.6H,0+MgC1,.6H,0
26 0.0 95.3 0,7 388 Ne+Me.6H,O+Ms.4H,0




Luu y: Trén d6 thi loai ndy, quy tic néi cic duding thang hoan toan ¢6 thé sir dung duge.
3. Ung dung thuc t€ cia dé thi phing
Vi dy : Co dang nhiét nudc bién, dong thdi tinh todn su bién d6i vé lugng ctia qué trinh co
d6. Bigt thanh phin cla nude bién la:
Bdng 18 Thanh phan nude bién & 25'C

Thanh phan %KL |
H,0 96,6555

Na,* 1,020

Mg* 0.126

K,* 0,037

Ca™ 0,045

Cr 1.848

SO/~ 0,256

co” 0,007

Br 0,006 ]

Thir tinh xem: khi co dang nhiét mot tin nudc bién trén & 25°C ¢6 dén didm can véi ham
lugng khong doi thi dimg lai. D6i vai mot lugng nhd CO* Br bd qua, con CaSO, da duae két
tinh tdch ra ngay giai doan ddu clia qud trinh c6 nén cling khong tinh déen.

2NaCl + 2KCl + 2MgS0, 5 Na,SO, + K, SO, + 2MgCl, , H,0, 25°C

Vot Nc @ NaCl Kc : Kl
Ms  : MgSO, Ns :Na, SO,
Mc : MgCl, Ks :K,S0,

Giai : Trong 1000 kg nude bién cé thanh phin di cho trén

Dau tién ta phii tinh ra kg ion hojc kg phan wr (theo ion gam clia cdc ion nhur sau: K, Ia
78,2; Na,™ 1a 46; Mg 1 24,32; C1,%1a 70,92: 50,14 96 va H,0 13 18) .

Sau dé ta tinh ra chi s6 gian dé theo hé CE, wic 1a tong duong lugng kg ion cla
K" + 80,5 + Mg* = 100%.
Ta s& c6 bang s lsu 1dng hop trén:

Tir k€t qua trén ta xdc dinh duge diém thinh phan (diém h¢) cla nude bién nhu thanh
phédn di cho la m - nim trong khu vuc két tinh cia Na,50,.MgS0,.4H,0 1a muéi dé cé hien
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trong qua bao hoa trong dung dich — nén trong thuc € khi ¢o dic m thi mudi kép trén khong keét
tinh ma s€& truc tiép két tinh MgS0,.7H,0. Do vay, khi ¢6 dic thi:

-Hé vinlam
- Diém dung dich sé dich chuyén theo mnl
- Diém ran € dich chuyén thco $ §°

Bdng 19. Két qua cn bing chit khi ¢6 1000 kg nudc bién & 25°C

Ham lugng cic ion tinh
% Khoi $6 ke ion theo tong duong luong kg o
luong (kg phan ) ion cha K™ + 50,7 + Mg” Ghi chu
0 dan
&£ pud = 100%
H,0 96,65 53,7 73760 Theo dé : K,2* +
Na,2* 1,02 0.222 305 S0, + Mg* =
0,07286 kg i
K, 0,037 | 0,00473 6.5 gon
CL* 1,8480 | 02615 3592
Ca™ 0,0445 0,0111 ' Tao thanh
Co’ 0,007 0,00117 CaCoO,
SO.> 0,256 0,02667
229 Tao thanh CaSQ,
(0,01674)
Br,* 0,006 0,000376
T+
Mg 0.126 0.05177 70,6 Tao thinh MgBr,
(0,051394)

Cdc 56 ligu clia cic di€m lién quan d&a qud trinh tinh todn trén dé thi 1a diém 14, 15, 16,
17, 18. C6 the tim thdy & bang s6 liéu da cho.

Toan bo qua trinh ¢6 dac ¢6 thé phan thanh bén giai doan

Giat doan L: ¢6 tich nuée

Giai doan 2: ¢6 tach nude va NaCl két tinh.

Giai doan 3: ¢6 tdch nuée, NaCl va MgS0O,.7H,0 ciing két tinh.

Giai doan 4: ¢o tich nude, NaCl + MgS0,.7H,0 + KCE.MgSO,3H,0 cing két tinh.
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(Na, S0, Hinh 68 He Na,**, Mg/ SO.F, CL,», H,0, 25°C.

Mgz+

5, MaSO,4H,O

2+
KZ

KCLMgS0,.3H,0

SO F
Hinh 69: Boc hoi ding nhiét nudc bién, 25°C.
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Vi ring biéu dé chi biéu dién mdi quan hé ham luong cla K,2*, Mg™, SO,* nén hai gial
doan clia qud trinh c6 trén d6 thi khong the hién duge. Nen dé tinh toan Iugng mudi két tinh tich
ra clia giai doan nay ¢6 lic phii dung cic s6 lieu cla bang hod tan vi cé lic phai diing s6 liéu
thuc nghiém.

Giai doan {: Co tach nude, NaCl vira dat bio hoa. Diém heé va diém long dung dich déu 1a
m. Ta ¢6 thi nghiém di dat duge thanh phan cua pha long la:

HIO K22+ Mg2+ ‘

6050 6,7

S0,” Na,™
22,8 ' 305

70,5

Khi tinh toin ham luong cdc ion déu dugce tinh theo don vi mudi CE (theo goe K, + Mg™
+50,7 =100)
Tiic 12 luong trong mot duong lugng gam 1ong ba ion wrén goila 1 CE

73760 - 60‘30

Luong nudc bay hoi giai doan 1 = — o0 0,07286 kmol (uic 887,35 kg)

Luong H,O con lai trong hé: 53,7 - 49,3 = 4.4kg phan e, (tic 79,2kg).

Giui doan 2: H,0 bay hoi, NaCl két tinh, MgSO,.7H,O vira dat biio hoa. D6 thi van chua
1hé hien duge - diém hé va [ong vin la m. Muén tinh duge luong nude bay hoi vi NaCl két unh
cin phai biét duge thanh phin pha long khi MgSO,.7H, O vira dat bio hoa. Him luong pha long
" m cha K7, Mg, 80,% doc duge trén do thi. Pé biét duge ham lucmg cla Na,”* (hoac C1,7) v
H,O 6 thé dua vao cac diém lan can m dé tim nhy saw:

- Kéo dai dudng 14m gip dudng Mg*' SO, tai K.

- Tir ham hugng Na,™ va H,O clia hai diém 15 va 18 ta ngoai suy duge ham lugng Na™* va
H,O ctia K.

- Noi suy tir K va 14: 14-om«K «18

T.

15

s& duge ham luong Na,”*, H,0 clia diém m.

K&t qua cu thé liét ke trong bing sau:

W Na, H,0 amlugng | N H,0
Diém Piém
18 4,7 1110 K 233 1433 |
15 159 1305 14 12,0 1140
M 14,8 1214
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Va thanh phén pha léng m khi MgS0,.7H,0 vira dat biio hoa I

H,O

24
K,

Mg2+

SO/~

Nu22+

1214

0,5

70.6

229

14,8

Chi y: CL™ = (Na,™ + Mg™ + K, - S0,>

Neéu theo thi nghiém xdc dinh thi thagh phén cua long khi MgSO,. 7TH,Q vira dat bdo hoa
S€ la:

H,0 K, Mg? SO, Na,"
1100 6.3

} CL*
} 67.4

70,1 22 13

Dua vio 86 lieu trén ta sé tinh duge luong nudc bay hoi vie NaCl két tinh, Vi du, ta tinh
theo 6 liéu thi nghiém:

Luong nudc bay hoi =

-miigT“QQ {0.07268 = 3.6 kmol (titc 64,8 kg)

Lugng Na,Cl, kéy tinh = 305-13

0,07268 = 0,212 kmol (tic 24.8 kg)

Ham luong tuyeér dsi cla cdc ion va cdc phan tir (tinh bang kg ion hoac kg phan tir) ciia
dung dich con lat.

H,0:4,4 - 3.6 = 0,8kg phan tir

N2,%'0,222 - 0,212= 0.01kg ion

C1,70,2615-0212= 0,0495kg ion

Céc ton K,™, Mg™, SO,* khong thay déi.

Giat dogn 3: HO bay hoi, Na,Cl, va MgS0,.7H,0 két tinh.

KCL.MgS0, 31,0 bét ddu bio hod. Khi d6 diém rin a S (twong ing Mg = SO = 50%),

Diém long tir m dich chuyén vé n trén dudng 17-16. Thanh phdn ctia diém n doc duoc tren
dé thila :

K™ 7%; Mg" 73%; SO, 20%

H,0 va Na,™ ¢6 thé noi suy tir hai diém 16 va 17
2 Il suy

| piém Na,* H,0
16 10 1080
17 4.7 1060
n 9,1 1077
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Trong giai doan nay K,™ 13 cdu tlr vin chua bién doi (chua két tinh tich ra & dang rin)
a. Tinh luong theo nwde bién thién (H.O bay hoi va H,0 két tinh)

1077.0,00473

Luong nudc con trong long n = = (0,728 kg phan tir

Nhu vay trong giai doan nay lugng nudc thay doi 1a: 0,8 - 0,728 = 0,072kg phan ti
b. Luong Na-Cl, két tinh

. ,0473.9,1
Luong Na,** con trong pha long n = 00—

=0,00615 kg ion

Nén luong Na,Cl, k¢t tinh: 0,01 — 0,00615 = 0,00385 kg phan tr (tuong duong 0,45kg).

Va Cl,” cdn lai rong pha long n la:
0,045 - 0,0385 = 0,0465 kg ion
¢. Tindt heomg MgSO ,.7H-0 két tinh

2 . ,0473. .
Lugng 8O, wong long n = 9—0/{;’£ =0,0135kg ion

- Lugng SO,” két tinh = lugng Mg?*két tinh
= 0,01674 — 0,0135 = 0,00324kg ion
- Lugng MgSO, két tinh la: 0,00324 kg phén ur.
- Luong H,O két tinh la: 0,00324 . 7 = 0,002268 kg phan
(V1 MgS0,.7H,0 két tinh 1a 0,00324kg phan t&r (nic 0,872 kg))
Do vay lugng nuéc bay hai 1a : 0,072 — 0,02268 = (0,04932kg phan ti (0,88kg)

Ham lugng tuyeét déi cla ¢dc ion va phan tir trong 1ong n Ja:

H,0

2+
K,

Mg2+

8042 )

N a22+

Clzz )

0,728

0,0473

004815

0,0135

0,00615

0,04565

Don vi 1a kg ion va kg phan tir.

Giai dogn 4. H,O bay hoi: NaCl, MgS0,.7H,0, KCl. MgSO,.3H,0 cing két tinh, pha
16ng dat diém bio hod chung 17 tic 1a MgSO,.6H,0 ciing vira dat biio hoa. Pha rdn tir S dich
chuyén theo SQ dén S°. Trong giai doan nay tat ca cdc can tir déu c6 sy thay déi vé luong - nén
ta ding phuong phdp cin bing vat chat dén tinh todn.

Ln — L17 +NaCll + MgS0,. 7H,04 + KCL.MgS0,.3H,04

3
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Ln

H,0 : 0,72800
K, : 0,00473
Mg™": 0,04815
SO, 0,01350
Na,**: 0,00615
Cl : 0,04565

— fL;

H,0 :1060 H,0:x
K/ ":54 i Ky @y
Mg’ : 81,1 + |Mg¥:z
SO 13,6 SO, :u
Na,”* : 4,7 Na, @ v
Cl,” :77.5 CL rw

Lap céc phuong trinh can bing vat chat ricng:

+ tH,O

H,O 1060 f+x +=0,728 (1)
K @ y+54f=0,00473 (2)
Mg*  :81f+2z=0,04815 (3)
SO :13.6f+u=0.01350 4)
Na,  :4.7f+v=00615 ()
ClL,"  :28377.5f + w = 0,04565 (6)
Tir pha ran cung két tinh tich ra c6 phuong trinh can bing z = u )
Gidi hé phuong trinh trén ta $¢ thu duoc ket qua d bang sau:
Bdng 20. K&t qua can bing chat giai doan 4
Ham luong ion két tinh (kg Ham lugng ion con lai trong long 17
fon ion) Kg ion kg
K, *(y) 0,00195 0,00278 0,218
Mg*(z) 0,00648 ! 0,04167 1,015
SO, (u) 0,00648 | 0,007G2 0.675
Na,™(v) 0,00371 0,00244 0,112
CL, (w) 0.00566 0,03999 2,840 |
Céc ion di ket tinh ¢6 thé tap hop lai nhu sau:
Na,™ Cl K> SO* Mg®™
Na,Cl, KClL.MgS0,.3H,0 MgSO,.7TH,0O
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"[ir d6 ta ¢6 duge lugng mudh da két tinh wan oy la:
Na,Cl,: 0,00371kg phan tir (0,434kg)
K,Cl, : 0,00195kg phan tr

MgS0,:0,0039g phan tir

H,O két tinh 0,00117kg phan tr (vi 0,0039.3 =0,0117)
KCi.MgS0,.3H,0: 0,003%g phan tir (0,970kg)
MgS0,0,00258kg phan tir {(vi lugng Mg2+ 1a 0,00648 - fugng Mg da két tinh
{0,0039) = 0,00258)
H20 k¢t tinh 0,00258.7 = 0,01806kg phan
MgS04.7H20: 0,00258kg phan tix (0,634kg).

Lugng nude bay hoi c6 thé tinh theo phuong trinh (1)

t=0,728 — 1060f ~

Tir phuong trinh {2) ta tim duoe

f=(000473-y):54

dem f va x thay vao trén ta s€ duge t = 0,515 kg phén tir (2,72 kg)

=(0,00473 -0,00195):54=0,00278: 54

x =0,0117 + 0.01806 = 0,02976

Toan bo qua trinh ¢ 1000 kg nudc bién ding nhiét & 25°C ¢6 thé téng két thanh bing

quan he vé lugng (kg) sau:

Bdng 27. Quan he lugng khi ¢o dang nhiét & 25°C 1000 kg nude bién

Gia doan Luogng H,O NaCl KT Mg80,.7H,0 | KCl. MgSO,. | Diém thanh :
bay hai KT 3ILOKT phéan dung
dich
1 887,35 - - - m
2 64,80 24,800 - -
3 0,88 0,450 0,782 - n
4 2,72 0,434 0,634 0,97 17
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Chuong VI: CONG NGHE SAN XUAT NaCl TU NUGC BIEN
(Goi chung la cong nghé sdn xudt muéi bién)

L. PAC DPIEM CUA SAN XUAT MUOI BIEN

Goi Ia phoi nudc bién dé san xuat NaCl Ia qud trinh loi dung nang luong do sic néng clia
dnh nang, sic gié va dé kho chia khong khi dé 1am bay hoi nude trong nudc bién tao két tinh
NaCl. N6 1a mot sy k¢ thira qud trinh dot nudc bién tao musi ciia thoi ¢d dai. Qua trinh phoi
mudi c6 lién quan rat mat thiét véi cdc quy luat cla 1y nhien vé néng do nude bién - vé quy luit
clia néng gid, do 4m, thdi vu - vé dia hinh va cu tao cha chat dat...

Nhur vay, cdc di€u kién tif nhién 12 vo cing quan trong dé ¢6 thé san xudt duge muéi.

Dé ¢6 thé san xuit duge mugi tat nhién phai cé duge:

- Sy cung cdp duge nude bién ¢6 ndng do tuong déi cao,

- Phai ¢ diéu kién cong nghé thich nghi cho sin xuat: lugng boc hoi 16n - hong mua it -
mia kho ré rét va kéo dai.

- C6 d4t phang va rong - chat dat c6 do thdm thiu thip

II. NHIEM VU CUA QUA TRINH NGHIEN CUU SAN XUAT MUOI BIEN

Nguyeén tic chung clia san xuat mudi bién la mot loai san xnét luon phai dad tranh véi cdc
quy luat cla ty nhién — phai lgi dung quy luat clia tu nhién dé gidm mot cich t6i thidu cac tén
that — mudn vay phai ndm dege cdc quy luat cda ty nhién.

Nguyeén liéu dé san xuat 1a nude bién - ma ban than nude bién ciing ¢6 quy It cia nd.

Thiét bj la dat dai- dat dai ciing ¢ quy luat clia n6, Lam sao két hgp duoc sy bién thién
cta dat va nudce bién cng véi su bién thién coa khi hau dé c6 thé 1am bdc hoi tao mudi. Do 1a
nhiém vu clia phin gido trinh nay.

IIL. CONG NGHE NAP NGUYEN LIEU
1. Yéu cau co ban cua cong nghé nap nguyén licu d6i voi san xuat muéi bién

Nude bién 12 nguyén lieu chinh dé san xuat NaCl nhung né chua phai 1a nguyén liéu truc
tiép lam ra mudi — ma phai qua mot qud trinh 1am boe hoi mot luong nude 16n méi ¢o thé két
tinh tao ra NaCl.

Vi vay, cn phai c6 mot lugng Ion nudc bién dé thudng xuyén san xuat 1a rit quan trong.
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Yéu cdu cg ban cia cong nghé nap nguyén liéu 1a:

Phuong phap phai that don gian

Néng do phai cao, it bin cdt

56 lugng phai da.

Néng do nudc bién 16n sé gidm bdt mot luong 16n nude cdn bay hoi khi ¢6 va s& giam
dién tich ddng k€ clia thiét bi bay hoi. Cu thé:

100m” nude bién 1°Be ¢6 len 2°Be cdn bay hoi 53,86m* H,0

Co tir 2°Be len 1i€p 3°Be cén bay hoi 16,88m’H,0

Co tir 3°Be 1én 25"Be ¢in bay hoi  26,46m'H,0O

Nhu vay, dé dat duge ciing mot lugng nudc bién bdo hoa mudi (25'Be) thi lugng H,O can

70,74 = 3,7 lin
6

phai bay hoi clia nudc bién 1"Be 1én hon nuée bién 3"Be 1a

V¢é dién tich thiét bi béc hoi:
Né&u nude bicn 1°Be dé€ san xuat ra nudc mudi bao hod 2,7m’ cdn dién tich 13 lha. Thi
nudc bién 2"Be dé sdn xudt ra nuéc mudi bio hoa 2,7m" chi cdn 1/2 cBa lha.

2. Néong do nude bién va quy luit bién hoa ciia né

a. Khai niém vé néng dé meéc bién:
Nudc bién ¢6 vi man va ding chimg 1O ¢6 hod tan cic mudi vé co niim dudi dang cdc ion.
Thanh phén cdc loai muéi chii yéu cdu thanh nudc bién gém cic anion 1a: Cl', SO.*, B*, F
., HCOy, Br va cdc cation 1a Na*, Mg™, Ca®, K*, S, cho dén nay da xdc dinh dwoc trong nudce
bién ¢6 trén 90 loai mudi.

Nong do clia nude bién thay déi theo dia 1y nhimg ty 1& thinh phan gitta cdc loai mudi
ludn ludn 6 dinh.

Bdng 22. Ham lugng ion chil y&u ¢6 trong nudc bién

Thanh phan %KL Thanh phan %KL
Cr 35,07 H;BO, 0,07
Br 0,19 Mg* 3,69
SO~ 7,68 Ca™ 1,16
CO/” 7,68 Sr* 0,04
HCOy 0,41 K* L10
|F 0 Na* 30,61
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mugi chi néng do 10ng cdc mudi cé trong nudc bién.

Ty I¢ gidia cdc ion chy Y&U 6 trong nusde bidn:

Na/Cl (+Br) = 0,5549; SO,/C) (+Br) = 0,1395: Mg/Cl {+Br)0,06801; Ca/C) {(+Br) =
0.02095; K/C) {(+Br) = 0,02029; Br/Cl = 0,00340- B/Cl(Br) = 0,600233~0,000248

Dé dé 1y giai ham luong musi trong nuce bién, ta k¢t hop ¢dc ion ¢6 trong nude bién laj
thanh céc loai mug; sau;

Bdng 23, Him tugng cac loai mugi trong nudce bidn

Ham lugng gam

L a A’i "
0al mud (g/[()o()g nuse bién)

Ngoai thanh phan chy yéu trén, trong nude biéy con chira nhiédy Nguyen 1o vi lugng.
Phitong phép biéy thi nong dg:

Phan musi trung binh trong nuée bién dai duong 1a 35, c6 ty trong & 0°C so véi nue
nguyen chat 4"C 13 1,027 thudng duge vigt: d,” = | 127

Nuée bién, nudce man... Td mét loaj dung dich phiic nén péj nong do nudc bidp, néng do
nude man thue chat I ok toan bé Iugng cac chat lrong dung dich.

Thong thudmg thi néng do nude bién va nudc man duoc the hién theo cic phuong thiic
sau: phan trong luong, phin rong lugng theo the tich - 1y trong - cdn trong san xujt nong do
thudng duge do bang d6 Bome("Be) - mot loai ty trong ke,
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Bome ty trong k& 1a ty trong k€ c6 chia d véi nudc dguyén chat & 15'C 1a 0 va axit -
sunfuric ty trong1,8429 13 66°. Ty wong k€ Bome c6 s6 do thay ddi theo nhiét do: dung dich sai
khac 1'C thi do Bome sai khic 0,048"Be.

Ngoai céc cach biéu dién nong do nude bién dya trén nong do tinh theo lwong ion, phan tir
cuia chal tan cdn ¢6 nhimg cich quy dinh vé néng do theo chuyén nganh khic. Vi du: trong san
xudt mudi cé khdi niem vé do mudi va do clo.

Bemg 24. Quan hé gilra do Bome va ty trong

Coéng thic hodn dot
A " . Nhiét do
Tén I'iéu chudn ché tao do Ldng nang hon Lang nhe hon
H,0 H.,O
Bome ké Nudc nguyén chit 0'Be, | 15°C qo 1443 g= 1443
axit axit sunfuaric 1y trong 144,3-"Be 144.3-"Be
1,8429 12 66'Be

Nudc nguyen chat 0"Be | 12,5'C go 1443 4. 1443
144,3-"Be 144,3-"Be

' Bome ké | Dung dich NaCl10% 12 | 15C P a=

musi 10,746"Be 145" Be 145-"Be

Thanh phin nuéc bién phitc tap, khong thé ding phuong phap phan tich tryc ti€p dé xdc |
dinh luong muGi 1dng & trong mot mau nudc bién nhimg bat ludn lugng tuyét do1 clia cdc muodi
trong mau 1én b¢ the nio thi ty 1 twong doi gilta cdc thinh phan chu y&u nhu trén da noi la
khong d6i, dua vao quy luat d6 — ta ¢6 dinh nghia vé d6 mudi nhu sau:

D6 muoi ky hiéu 1a 8%, 1 6 gam todn bo cde hgp chit ran chifa trong 1000g nude bién
v6i didu kién 12 6 gam clia toan bo chét ran nay phai bao gém ca hop chat clorua di chuyén tir
cacbonat ciing v6i brom va iot ciing chuyén thanh clo ciing véi tat ca cdc hop chat hiru co cling
di dugc clo hod thanh hgp chat clo.

Nhung trong .lhl,[C 1€ phan tich — mot bo phan clo bi phan huy 12 khén‘g tranh khoi — nén
céc k&t qui xdc dinh duge vé do mudi thudng nho hon tong lugng cdc ion cic mudi trpng nuce
bién.

Vé ciich xdc dinh do mudi ciing qud phic tap - do tin cay khé (vi mau trudc rat kho trung
hop véi mau sau), vi vay, hién nay rit it st dung do mudi ma loi dung ty lé thanh phén cdc ion
bat bi¢n dé xdc dinh do clo thay cho d6 mudi (d6 clo ky hiu 1a /)
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Quan hé gilra do mudi va do clo tinh theo cong thic sau:
S0 = 0,030 + 1,8050 Cl%,,

C1"/,, chinh 1a luong clo (g) chia trong 1000g nuéc bién véi diéu kién brom va i6t ciing
coi 1a clo (s6 g clo, brom, iot cé trong 1000g nude bién)

Ngudi ta quy dinh nuée bién tieu chudn 1a nuée bién c6 do clo(Cl) = 19,3810 véi lurgng
bac (Ag"/,,) dinh phan dugc 1a 58,99429gam va ghi nhur sau:

Cl = 19.3810/58,99429 Ag'f = 0,3285233 A%,

Can c\f vio quan hé nay, s& c6 dinh nghia mdi vé do clo cia nude bién tiéu chuin: s6 gam
clo trong 1000g nuéc bién — ma s8 gam clo nay phdi duge dinh phan bdi 58,99429gam bac(Ag).
Hod nude bién néi chung déu ding ham lugng trong mot don vi thé tich dé biéu thi - dé tién viee
so sdnh ngudi ta cing dinh ra do clo thé tich.

D6 clo thé tich 1a luong vat chat (tinh bing gam) tuong duong vdi do clo clia nudc bién &
20°C trong mot don vi thé tich nudc bién. Nhu vy, do clo thé tich = do clo nhan véi khéi lugng
rigng clia nude bién & 20'C (mat do ctia nude bién ¢ 20°C)

Bdng 25. Quan hé gitta do clo va do clo thé tich

Do el 15,00 16,00 | 17,00 | 18,00 19,00 }20,00 | 21,00
Do clo thé tich g/l 15,28 16,3? 13,37 | 18,41 19.46 | 20,51 | 21,57
Sai s& . 0.28 0,32 0,37 0.41 0,46 0,51 0,57

3. Su bién thién néng dé clia nudce bién

Ty 1é vé thanh phin cic mudi trong nudc bién 1a ¢8 dink- nhung néng do s€ cé su cao thip
tuy noi, tuy lic. <

Cic yéu 16 khach quan Jam bién ddi néng do 1a:
- Didu kién dia 1y (cho yé&u la su khéc biét vi do)
_ Céc diéu kien khi tuong, hoan canh dija 1§ : xa, gdn bd; hii luu va bio lut...

Su cao thdp clia néng do nudc bién c6 anh hudng rit 16n dén viéc van dung khi hau thién
nhién d€ san xudt mudi. '

Cic yéu t8 anh hudng c6 tinh chat thutng xuyeén la:
- tdc dung 1am nhat: mua, nude ngot do song d6 ra, hi¢n tuong 13 lut...;

-ty bdc hoi nude: chil yéu do do m khong khi va t6¢ do gid, nhiét do khong khi quyet
dinh- anh hudng rit 16n dén qud trinh boc hoi ché tao mudi.

- Thc dung clia d6ng bang va bang tan: nudc bién déng bang thi ham luong mudi trong
dung dich con lai tang cao va ham lugng mudi giam khi bang tan.
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- tic dung cha sy van dong nudc bién,

- thuy tricu: triéu dang s& lam nudc bién c6 ndng do cao & ngoai khoi di chuyén vao vinh
va ven bér;

- nong do nudce bién & hai phia cha dong thuy triéu s& ¢6 néng do khdc nhau;

- néng do nude cia hai phia cira song ciing khac nhau. Thong thuong néng dé mudi cla
nudc bién & hai phia clia dong séng thudng sai khdc nhau 6%:

- nong do ddu va cudi cia thuy triéu ciing khéc nhau;

- hai luu: su d6i luu chia nude bién giifa cdc khu vyc khic nhau sé 1am cho néng do nudc
bién thay ddi '

Do ¢dc tic dong néi trén ma nudc bién & cic ving vinh ¢é su bién thién tuong doi i6n tir
25% - 33%. Thosi vy va do sau clia ting nuée bién ciing c6 anh hudng dén sif thay doi néng do
trén.

4. Quy luat van dong cia thuy triéu nuée bién
a. Hién tivgng thuy triéu
Ven bi€n cif 24 gi& 50phiit lai ¢6 hai 1dn nude lén va hai 1an nudc rit- hién tugng ¢é tinh

chu ky nhr vay ducc goi la thuy tri€u. Thong qua thdi gian dai thyc tién con nguodi di nim duoc
quy ludt va nguyén nhin tao thuy triéu.

- O bat ky vimg bién niio cung ct 12h25° xuit hién mot lan triéu lén, sau 6h 12,5 wiéu
cao s& bat ddu xudng . Cit 24h50" nudc bién sé dang cao hai 1dn va xudng thdp hai 1dn.

- Mo6i thing 5€ ¢6 hai l4n triéu 1&n cao nhat va triéu xuéng thap nhdt .

Triéu cao nhat thudng vao ngay 2, 3 ddu thang (am lich) va truée mot hoidc hai ngay sau
ngay ram hang thang. Thong thudng triéu 16n ddu thang cao hon tridu kn gilta thang.

- Mot ndam ¢4 hai lan tri€u cuc to: m¢t ddu nam vao ngay gilta xuan, mot cudi nam vao
ngay gilta thu. _

- Sy chénh léch giira triéu cao va triéu thip & ciing mét dia diém 13 ¢6 dinh- con giiia cde
viing khdc nhau ¢6 thé thay déi,

- Thoi khic thuy tridu dang va riit phu thuoe vao vi do, do sau va dia hinh cia viing vinh. -
Thuy uiéu sé hoi giam (nhd) & vi do 16n, nudc bién cang sau, triéu cang I6n, ving vinh ¢6 hinh
phéu su lén xudng cta thuy triéu s& 16 rang.

Nhu vay, dé nude bién van dong tao thuy triéu cin phai cé luc tic dong 1én nude bién -
nén ta xét:
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b. Nguyén nhan hinh thanh thy triéu
Hién wong thuy triéu chinh 1a su chéng lai sy thay déi trong luc cta nude bién.

D(jng. lyc dé thic ddy sir van dong cia nude bién (lye thuy ridu )duong nhién phai do bén
ngoditde dongvao.

. . LA o
JR—— S . ~Tién triéu

¢ NI B}

(Rﬁm) (Mong D

1

L}
L}
L}

Hinh 71 Thuy triéu I6n wong \ing v6i vi tri Mat Trang va Trdi Pat.

Ma gan Trdi Pt nhat chinh 1a Mt Trang sau dé Ia 'Me_it Troi ~ ngudi ta thiy tuan trang va
thuy triéu ¢6 lién quan rat mat thiét véi nhau,

St téc dong clia Mat Trang va Mat Troi Ién v6 Trai Dat da fao nén mot luc trudmg bien
thién ¢6 tinh chu k¥, chinh n6 da tao nén s lén xudng c6 chu ky ciia thuy triéu.

A lyc hit 16n nhét, BC luc hit nhd hon A -vi 3C xa Mit Trang hon A. Khi phan mat dat
gdn Mat Tring nhat thi thuy tridu Ién.

D lyc kit aho nhat nhumg luc ly tam lai 16n nhat, EF jyc ly tam nho hon (nhung van 16n
hon luc hiir) nén EF tridu lén. Khi mat dit xa Mat Trang nhat (EF} do tde dung cla luc ly tam
clia qua dat quay I6n nén thuy triéu len.
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5. Thao téc nap liés (Iay nuoc bién)

Thuy triéu s& bi¢n thién do anh hudng cia thien thé (Mat Trang, Mar Troi, cdc vi sao va
cdc vat the trong vii try) clia khi twong vit clla dia hinh. '

Dai thé ¢6 thé phan thanh hai loai 160 1a: Triéu thien the vi triéu khi tuong {edc dnh huong
trén thi thién thé i Anh huéng chd y&u). Anh hutng clia dia hinh 13 bit bien, Anh  huong  cia
thién thé ¢6 the duy doin duge. Con anh huang cia khi tugng thuy viin khong thé du dodn trong
thoi gian dai duoce. Cic nhan 6 khi tuong inh hudng dén thuy triéu gém co:

- Khi dp: Khi dp cao thap inh hudng dén dd cao thip cia me nude bicn, Nat chi tinh
riéng cua dnh huéng khi ap thi : khi dp giam ImmHg thi nuéc bicn s¢ dang cao 13mm.

- Stie gid: Hudng thai, 16c do £i0, thoi gian gi6 théi cla gis bién va 210 lue dia déu anh
hudng luong tricu, thai diém tridu len vi tridy ha, hudng clia dong 1riéu va 16e do len xudng cia-
thuy riéu.

- Cdc nhdn 16 ki ieong va hai duong kidic: nhiét do khong khi, nhiét dé nuée bién, milt
dd nude bién déu ¢ anh huong dén mite thuy triéu, ndng do nude bigh thay déi theo mi,

6. Viéc nap licu

Chir y&u 1a xdce dinh thesi diém widu 16n d¢ 13y nude bién dy it cho san xudt - noi chung
phai dua vac dia hinh dong muoi, thoi tiet va dién tich cu thé clu dong mugi ma quyét dinh
phuong thic nap licu cho hop 1y. Biu tien 1 xic dinh luong nude bidn cin sir dung- tuy thai
glan ¢é thé khic nhau nhung nhin chung ¢6 theé dia vho tong di¢n tich dé tinh lrong: gng vdi
Tha (10.000m?) di¢n tich che chat can S4m’ nude bién 1a du (thye ¢ cdn 45m”* + 20% he 6 an
toan}. C6 thé dua vao san luong san phdm; théng thuong tinh luong nude bién thye 1€ cin cho
mot tan sin pham, sau dé phai tinh them luong dé bi vao thim [y cha duong muoi, lam nhat vi
t6n thil — 1dng toan b6 thanh twong nude bién cin nap.

IV. CONG NGHE CHE CHAT
L. Phuong phap che chat

Chinh Ia phuong phip lim tang néng do nude bién. Nude bidn chi chita 3% luong musi, dé
€6 duge mudi tir mot dung dich ¢6 néng do rit lodng nhu vay, cin phai ¢6 nhiing bi¢n phip dac
biet thi méi bdo dam hieu qua kinh t&. Vé 1y thuyét néi chung c6 hai phuong phip phin iy, dé 1
lay muét v khir nude .

Tich ldy mudi da duge nghién cdu nhiéu nhung vin chia ing dung rong raj dé sin xual
lugng 16n mudi — ma chy yéu van diing phurong phép khir nude dé phan ly.

Co hai cach khir nude: dé 1a co dac va lanh dong. Péu c6 thé khir di 97% lugng nude
trong nude bien dé two két tinh musi. Thao tic khir nuée don gian hon 1ay mugi,
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Dé' khir mot luong cyc 16n nude tat nhién cin phai mot luong nang luong cyc 16n, vi vay
ngodi viéc tan dung duoc ngudn nang lugng ré nhat. Day chi ¢6 thé 1a nguén ning lugng do siic
nong cua Mat Troi va sic gi6 tao nén (hodc sy mat nhi¢t tac bang cta mila dong) dé€ 1am nude
bién tang ndng do va tao mudi ket tinh. Phuong phap ché mudi tir niée bidn dugc tmg dung trén
toan the gi6i 1a phuong phidp phoi nudc bién trén ruong musi tao bé mat bde hai 1én khi ti€p thu
nang luong do Mat Troi va gié cung cip.

Nguoi ta phin b6 nude bien trén mét dicn tich phang 1én dé co dac tao mudi duge goi la
cdch ché chat biang phuong phip tu bay hoi trén dién tich phing.

2. Nguyén 1§ co ban caa su tir bée hoi nuge bién

a. Su hap thu va bitc xa néng liwomy Mt Troi ciia niide, dit v khong khi

Cutng do ning luong cha-Mit Trdi chigu lén lem? bé mat Trdi Dat trong mot phit theo
phuong thang dimg 14 1,95 calo. Néu tia ning cd do nghiéng 1a 6" thi cuong do nang lugng do
Mat Troi cung cap s€ la: 1,95.cos0. Thong thutmg thi cudong do trén khi tinh todn chi lay 78% vi
mat mdt cho hap thu, phan tdn va phin xa. Néu chi xét riéng su hap thu ning lugng Mat Troi clia
dat va nuéc thi thay : Do phan xa dat: A;~ 0,15 = 0,25, cira nude: A, ~ 0,1 (Khi ¢6 bude béng).
D6 hap thu: a, =1 — A,. Con do hdp thu ciia nude & tang theo do sau.

Gia du cudng do dnh sing chicu lén bé mat nudc ¢6 he s6 hip thu « (12 do hap thu cha
Iem) va xuyén qua 16p nudc dz 1a I thi cudng do hap thy tinh theo mot den vi do siu cia nudce
phdi la : '
dl

- = l{l - Anm’\\:)
.odz : I

dz

I+dl
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) do sau z thi cudmg 4o dnh sang phai la T
I Z
dl
= g{l-A dZ
I l ( ! ) {’!

1

1
P - __e-U-H Al
A -

i

Vi do d6 do hip thu clia nuéc § 4o san z phii 11 2, =1~ Awa— P
Mau sic cuia dat ciing tam thay doi do hi;p thy. Hé s6 hip thu clia nude {a) thay doi theo
“do dai bude séng dnh sdng- cu thé: '

x| 02-06 | 0609 | 0912 | 1215 \ >1.5

o \ 310" l 6.10° l 03 l 0.8 \ 1

Khir=02-06thic=3x 10™*- nutde chat khong hap thu duge.
_ Khir=06-09thia=06x 107wy ¢6 bao gom mot s& tia héng ngoai nhung mifc nudc
phai sau Im tr& lén thi mdi hip thu duge ma diéu nay thi khong thé ¢6 & cdc 0 chung cat - nén
ciing khong hap thu dugc. Néu do sau tir 3mm tro 1én thi véi L = 00— 1.2, o = 0,3 toan bo dnh
ning s& dugc hdp thu. Nude dé cho qua nhiing tia c6 budc song ngén va hdp thu nhiimg tia c6
bude song dai, vi vay cdn chd ¥ nhimg tia ¢6 & < 0,9 déu khong duoce nude hap thu: mau sic
cing anh huang 16n dén qua trinh hip thu nén thuong ao uén 6 mau sam (phat 1a den) d€ cd su
hap thy 16t dnh sdng Mat Troi. )

- Vé mat trao d6i nhiét: vi nhiét dung riéng C < Coe N dat hdp thu nhanh hon, nudc Vi
trong suot nén hip thu cham hon. '

Nén Ty Towe (BEU NUSE can), Ty T o (€U nudc siu)

- Nhiét do dao dong 10n s€ anh hudng dén do hoda tan cua cac muéi- vi vy, trong gidi han
nht dinh phai ting do sau d€ cd nhigt do tuong dsi on dinh.

b. Cédc nhan 16 quyét dinh ciia boc hot uf nhién

_ Cuding dd bdce hoi clia nuée phu thudc ty 1€ thudn v6i sy chénh lech cha dp suit hoi nudc
va dp sudt hoi bdo hoa ¢ mot nhiét do khong khi nhat dinh. Po am Khong khi duge quyét dinh
bai ham luong hoi nude & nhigt 4o nhat dinh. Do am clia Khong khi hay con goi la do am tuong
d6i cia khong khi & mdi nhigt do la ty 1& % cla ap sudt riéng g8m ap suat hoi nude va hoi nudc

bio hoa. Do dm tuong doi = P 100 =r. Qui trinh t bdc hot chi xay ra khi p<pq Qud trinh
p{]

ngung tu xay ra khi p=p, va khong thé tu bdc hoi khi r =100.
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- Sur khuéch tdn coa hoi nude v toe do gis: he 50 khuéch tan cua hoi nude trong khong
_khi rit nho: 0,24 cm’/s nén hoi nude weén bé mat chat 16ng rit nhanh chong dat bao hod 1am
dimg qud trinh boc hoi. Gid ¢6 té¢ do cang 1dn cang 1am cho 16p hoi nude bio hod do déi luu s&
liun gidm nhé can trd cla qud rinh 1w bay hoi.
. Ap st hoi midde va lé 56’ boc hot ciia mige bién, mide ot
Nude bién v nude 6t c6 chia mudi nén Ap suil hoi cla né s¢ gidm theo su ting cac cua
néng do mudi. Quan hé gifta dp sudt hot cia nude bién, nude 6t va nude nguyén chil nhu sau:
- Vé1 nude 61 chua bdo hod mudi: E= (1 - 0,53.5),
trong dé : Eg: dp sudt hoi cua nude ot;
E: dp suit hoi cua nude nguvén chat;
S: ham luong mudi trong nuée 6t (g/mm’).
- Xic dinh hé s0 boe hoi: hé sG boc hoi cia mot dung dich 1a 1y 1€ vé luong boe hoi nude
cta dung dich va nude nguyén chat o cing mot diéu kieén,

_ B e Eyme_pa-p

(E—e)f,,  F—e P, —P

n

Qua thi nghiém da thu dugc hé s6 boc hoi clia nude bién 1t 1"Be dén 25"Be (v6i luong béc
hoi cua nuée nguyén chat 1a 100)

"Be i |2 5 10 15 20 25

n 99 1968 942 87 77,8 66.4 52

d. Hiéu sudt co dde mide bidn va Hnle cdn bdng vt chdt
- Hiéu sudt co dic la ty 1é phin tram gitia thé tich nudc bién sau vi trude khi ¢ bde hoi,
ciing ¢6 khi lay ty I¢ phan tram nudc di bay hoi vdi nude ¢6 ban diu dé 1am hiéu sudt bay hoi

Vi dy: Nudc bién ¢6 khoi lugng rieng D;, hiun lugng mudi P(%), dung tich M,(m") vi
sau khi ¢o boc hoi D,, P,% vt Mo(m™)

M. DP
M, D,P,
Ttr d6 cd: higu sudt co dac C(%) : M,D,P, = M,D;P,
C= E&—.IOO = DlPi 100
M, D,P,

Truse khi ¢6 hop chat clo két tinh ¢6 thé thay ham lugng mudi P boi do clo Cl dé tinh C
biang cong thite thue nghiém (clo tinh bang g/ [00mg)
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C= (C:Il 100 =2.0725.(d," 1)-|,n49w)

Trong bang 26 sau gidi thiéu hiéu sudt co dac cla nuce bién (mg vdi ty trong clia nudc
bién trude vi sau khi c6 bdc hoi
3. Tinh can bing vit chat nuic man
Qui trinh co nudc min thudng xuyén phai c6 cdc tinh todn vé cin bang chat. Vi du: dé
khu ché chat thoa man yéu ciu cua dién tich ket tinh thi néng do va s luong nudc man cla ciic
., O chung ciit , ciing lugng boc hoi hang ngay , mic nudc min trong cac 6 két tinh déu cd lien

quan v&i nhau va chi dung can bang chat la co thé xdc dinh duge hoac tinh t6n that clia nudc
bien trong qud trinh ch€ chat, hodc tinh can bing chat cla rudng mudi...

V& phuong phép tinh todn rit nhidu — sau day chi gi6i thi¢u hai phuong phdp tuong doi
don gian.

a. Plutong phdp gidn do Killig

Pay la phuong phip don gidn ding d€ tinh lugng nuée bay hoi cla cdc dung dich mudi,
khi dung dich chua c6 mudi két tinh. Gid du cdn ch¢€ dung dich ¢4 nong do P% it mot hon hop
dung dich ¢ hai ndng dé khdc nhaue P,

P,% thi m&i quan hé vé lugng giita ba dung dich trén dugce thé hién bai so do sau:

(P Pz) (Pl p‘) (P _p)
%P, : %P : %P,

Ty Ie vé lugng cha dung dich ¢6 nong do:

Vi du: diing nude nguyeén chét (P,) dé pha loang nudc 6t 179%(P,) thanh nude 6t 3%(P) thi
quan hé vé ty 1¢ khéi luong cha ching s€ 1a ©

3-0):(17-0): (17-3)=3: 17 :14

Gidn dé Killig cho ta xdc dinh rat nhanh la: 17kg nudc ot lodng 3% co di 14kg nudc
nguyén chat s& duge 3kg nude 6t dac 17%.

C6 thé ding néng do tinh theo do Bome hodc néng do % mudi thi sai khdc vin trong
pham vi cho phép.
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b. Phirong phdp tinh todn theo bdng sé liéu thank phan nice mén:

Pem c6 béc hai 1m® nude 6t nhat ¢6 khéi luong riéng D,, ham luong mudi P,%, d¢ duoc
nudc 6t dac hon ¢6 D, va P,% va lugng 1a £3m’ cdn phai c6 mat Ekg nudc .
C6 thé 4p dung phuong phép sau dé tinh todn : Im* nude min ban dau chi mat Ekg nude

dé duge nuSe man dac con lugng mudi vin khong bién déi nén:

1.0 —E'—z(l.D,—E) Rl
100 100

—E=DyI- I}j—' y(kg)

2

Luong dung dich nuée 6t dac B (m™)ia:

(1.D,-E=BD,) > B= D-E _ b D, -D, -5
D D P

2 2 2
B: DIPI (m'\)
D,P,
. 1 e e D, -E
Va khoi lugng nude 6t dac 1a:B’ =B. D, = D .D,
2

B =D,-E=D,-D, [1_%J

-

= B =D, (ke)

2

Céc s6 licu Dy, D,, P, P, ¢6 the tra duge trong béng sd lieu thanh phin nudc mén va tong
lugng mudi ing d,"

Ta img dung cdc phuong phap trén dé giai vi du sau:

Vi dy 1: Co 45kg nudc bién 3°Be 1én 15"Be. Tinh luong nude bay hoi va luong nude 6t -
cdn lai.

Gigi: tr bang thanh phan nude 6t tra duoc:

3"Be..ooceierieee Py = 2,755D, = 1,0203

15"Beciecrniiinn, P, =14,640D, = 1,1150

Theo so dé Killig

Luong nudc 6t tao thanh :  lugng nude 6t nguyén liéu:  lugng nudc bay Hcﬁ
P, P, : (P-Py)

B : 45 : E
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= B’ = 8,47kg;E = 36,53kg.

* Tinh theo bang thanh phin nuéc man: diu tién d6i khéi lugng nude bien ra thé tich: 45kyg
nude bién 1a 45/D, (n’®) nudce bién.

Luong nude bay hoi E 1a :

5
- 550,101 222
D, P, 14,640

E =36,53kg
Lugng nirde 6t thu duge B:

g4 DP_ 45 2755
D, D,P, L1150 14,640

B=759(1)
Khoi lugng nude 61 thu duge B’ (kg)
B:ﬁ_DlP' _4s, 2,753
D, P 14,640
B’ =8.47kg

Vi diu 2: Pem ¢o 44 m' nudce 6t 17,3 "Be dén nudce 6t bio hoa s& duge bao nhiéu nude ot
bdo hoa va di mat di bao nhiéu nudc.

Gidi: Tinh dua vao bang s6 lidu thanh phan nudce 6t:

17.3Be.cceinee P, = 16,986D, = 1,1352
Nudc 6t bdo hoa  24,5'Be...crivicccne P,=25031D, = 1,2035
Lugng nudc phai ¢6 (kg) E la:

E=44.D, R =44.1,1352(1_16’9§(’j
P [~ 25,031

x

E = 16,05 tan
Luong nude St dat duge B (m')

? 3 [y
B=a4 il _ 44 1,1352.16,986

" D,P, '1,2035.25,031

B=28,16 (m")

Dk = 44. 1,1352.16,986
P, 25,031

B = 44.

B’ = 33,90 tan
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~ V.CONG NGHE KET TINH (tham khao trong gido trinh nhiét dong)

V1. QUY LUAT KET TINH CAC LOAI MUOI TRONG BOC HOL TU NHIEN
NUGC BIEN
Hoan toan ¢6 thé sit dung gidn dé hod ly bac 5 dé xdc dinh. Thong thudmg, cdc mudi s&
. két tinh tdch ddn trong qud trinh ¢& ty nhién theo thaf wy saw:
1} Fe, O, va CaCoO,.
2) CaS0,.
3) CaSO, + NaCl.
4) CaSO, + NaCl + MgS0,
5) CaSO, + NaCl + MgSO, + K,50, MgS0,.6H,0
6) CaSO, + NaCl + MgSO, + KCl. MgCl,.6H,0
7} CaSO, + NaCl + MgSO, + KCL.MgCl,.6H,0 + MgCl,.0H,0O

Dé bao dam thu duge mudi ¢é chil lugng cao hodc mudt thu mot trong céc mud trén can

phai tim hiéd luong k&t tinh cla timg giai doan dé cé giai phap hop 1y.
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Chuong VII: CONG NGHE SAN XUAT KCi
TU NUGC OT CUA MUOI BIEN

L CO SO LY THUYET QUA TRINH TACH MUOI TU NUGC OT TREN DO THI BAC 5
Cac hod chil duge san xuat tr nuGe 61 cla mudi bién chi yéu 12 NaCl, MgSO,.10H;0,
Na,S0,.10H,0, KCt, MgCl,, Br,... Thanh phan nudc 6t thong thudng Ja:
MgS0,: 73,74g/l, MgCl,: 167,02g/1, KCI: 20,34g/ va NaCl: 100,98/

D¢ xdc dinh thanh phin cla nudc 61 trén dé thi bac 5 ta d6i thanh phén trén ra mol réi tinh
theo chi 58 gian dé hé CE (2K* + Mg** + SO, = 100) cu thé:

SO.*

Na,80,.Na,50, H,O

g NaSO, MgSO,. 6H,0

MgS0,.7H,0

\Q MgS0,. 6H,0
“ MgSO,.4H,0

- K,80,. MgSO,. 411,0 __..MgCl,. 6H,O

N{g2+
KCl. MgCl,. 6H,0

K22+
KClL.Mg50,.3H,0

Hinl 72: He 2K*, Mg™, 2Na*//SO,”, CI - H,0, 25°C.



SO,*

MgSO,. H;O

Na,S0,.10H,0

MgCl,.6H,0

" MgCl
2KCl K,50,.2MgS0, KCI.MgClJbHEO e

Hink 73: He: 2K*, Mg?, 2Na"// SO.7, 2CI" - H,0 - 110°C.

73,79

MgS8O,: =0,6146 mol
120,386
MgCly: 167.02°_ 1,7537 mol
95,234
2Kl ﬂ =0,1364 mol
2.74,557 :

Ra chi s6 gian do: K;**: 4,3; Mg™ : 759 va SO," : 19.8
Dem bidu dién lén dé thi bac 5 ta duge diém P, nam trong khu két tinh ctia MgSO,.7H,0.
Nén khi tién hanh co boc hoi & 25°C s& ldn lugt ¢6 cic mudi sau ket tinh:
1) MgSO,.7TH,0
2) MgS0,.6H,0
3) MgSO,.4H,0
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4y KCL.MgCl,.6H,0O
5y Mg(),.6H,0
Cudi ciing 1a diém bit bién MgCl,. 6H,0. Ta lai dem diém P biéu diga trén d6 thi trén &
110"C. P nam trong khu két tinh coa MgSO,. H,0. N6i SP thiy khi ¢6 ¢ 110°C ciing két tinh véi
NaCl lan luot cdc mudi sau két tinh:

1y MgSO,.H,O
2y KCL.MgCl,.6H,0
3) Co can vé MgCl,.6H,0.

Nhut vity, diz 6 & nhiét do nao ciing khong thé tryce ti€p thu KCI ma déu phai qua khau két
tinh KCLMgCi, 6H,0 + NaCl- réi tir gian d6 4 don gian: K7, Na*, Mg*//Cl" - H,0 ta lap quy
trinh phan giai dé thu KCl nguyén chat.

1L THUC TE XAY RA KHI CO NUGC OT G NHIET PO CAO

Khi ¢6 true 11€p nude ot 5 nhiét dé cao, thay ¢é su mat K' trude khi ¢6 cacnalit két tinh
lam hiéu suat thu K* giim.

Qua nghién ctiu da xac dinh nguyén nhan chinh clia s mit miit nay 14 do:

2KCT + 3MgS0; =K,50,.2MgS0, + MgCl,

Cdc phan ting nay xay ra vi MgSQ,. H,O luén ¢6 hi¢n tuong qua bio hoa xay ra lam noéng
dd cla né trong nude 61 tang cao vi vay s& xdy ra phan img trén.

Clut v:

- Ciac mudi clo khong xay ra hien tugng qud biao hoa

~ Cde mudi sunfat nhat 1a cic mudi sunfal ngdm nude déu xay ra hién tuong qué bio hoa.

D¢ ¢6 the trénh hieén twong mdt K' trude khi ket tia KCL.MgCl,.6H,0 qua nhi¢u nghién
cifu da két ludn duge 1a cdn phai thay doi thanh phan nude 6t sao cho ty 1¢

MgaS0, 204 v MeCl,

———= <04 vi

$& tranh duge hién tugng ton that K tnrde khi két tinh KCLMgCL6H,0 néi trén dé ¢
hi¢u suat thu hoi kali cao. C6 thé thay déi 1y 1¢ thanh phin nudc 6t theo hai cich chinh sau:

Giam ham lugng SO trisde khi dua vio co dic (co thé lam lanh dé két tinh
Na.SO,. [0H,O mi giam SO, hoac dung hod chat dé khir SO, )

Tang MgCl, dé chuyén can bing vé phia tao KCl + MeSO,

Bién phiip nay cé thé dung ngay MgCl, sinh ra trong qud trinh san xvat KCl (nuée cdi clia
qui trinh chu yéu chia MgCl,).
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Do bién phap nay nén di hinh thanh phuong phdp pha tron dé san xuat KCI tir nuée ot cua
mudi bién.

[IL SAN XUAT KCI BANG PHUONG PHAP PHA TRON

Sin xudt KCl biang phuong phip pha tron bao gém 5 cong doan chinh sau:
1)Cong doan pha trén
2)Cong doan co dic
3)Giir nhiét, 0 ling.
4)Lam lanh két tinh
5)Phan giai va rira cacnalit
A. CONG DOAN PHA TRON

1. Y nghia muc dich cia cong doan pla trén

Ding mot Jugng nhit dinh nudc cdi 35°Be trg lén ¢ ham lugng chi y&u 1a MgCl, tron vao

nudc 6t dé diéu chinh cho dat ty 1é: MgS0, <04 va Mgty > 8 nhim tranh sy két tinh KCI
MgCl, KCl -

trudc khi két tinh cacnalit lam giam higu suat thu héi KCI va s& tdch duge mot phian NaCl ¢6
: . HCHE :

trong nudc 6t do tic dong ion cung tén. Vi tich nong do NaN Cll = K rude khi tron.

a

Vi sau khi trén thi; [Na* ][Clhmuc“ h Cl'cmb\u_;;] =K
[Nacl]

G nhiét do xac dinh, K= const vi vay tif s6 16n lén 14t phii ¢6 mot ugng Na' tdc dyng vo
CI' dé tao thanh NaCl. Diéu niy mét mat thu duge NaCl dong thdi cing giam bét ty 1é ran long
trong dich hoan thanh sau khi co- lam cho thiét bj ¢o dac lam viéc c6 hiéu qua hon.

Luu trinh cong nghé nhu trén hinh 74:

2. Ty 1é pha trén: néu pha nude cdi it s€ khong dat yéu cau. Néu pha qua nhidu s& tang
luong nudc cdi khong cé tic dung tach cacnalit van chuyén trong luu trinh lam giam hiéu suit
thi€t bi, ling phi nhién li¢u. Pha nhiéu con 1am giam ham lugng cacnalit vi thuc nghiém cho thay
MgCl, cang nhiéu thi NaCl két tinh cung cacnalit ciing s& tang cao. D¢ ¢6 ty l¢ pha ton thich
hop cdn khao sét ca hai ty so:

MeCl, hodc KCl A MgS0,
Kl Me(l, MeCl,
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L B¢ pha tron

£ e 1
1 |
; ¢ Nudc at h%?n hap
Mudi dang %
Fh i€t bi co dic J
Rira thanh Mugi T &
LGiﬁ nhiét, lang trong Sén
xudt
Dich trong brom
!
Mu* ding -
Nude Lam lanh .
dt pha
L__———-—+ Nudc cai
j H,0 Cacnalit
Nuée ria ‘ . .
Muoi dang dé
I Sdn xudl
NazSoq. 10}']20 KC] thé

Dichphinly 4 | H,0 —br  miy ri
Nubcria —— | l

KCi san pham

Hink 74: Sin xuat KCl tir nude 6t ciia mudi bidn,

Ngudi ta da lam thue nghiém va xic dinh dugce giGi han 16n that kali do két tinh khi co dac
theo hai ty I¢ trén va bicu dién tren dé thi sau:

Mg(l, MgCl,

. KCl  MgSO,
Tu biéu d6 nay, can cit vio ty 1¢ thanh phan v ———3 cla nude &t va nude cii

s¢ tinh dugce ty 1é pha tron thich hop.
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L

Bdng 27. Bang thanh phin nudc 6t va nude cdl

. . . KCi MgSO, B
Thanh phin MgSQO, MgCl, KCl | NaCl MeCl, MaCl, Piém
Nudc 6t 30°Be,g/f! 85 116 18 128 0,155 0,733 B
Nudc cai 5'Be.g/! l 28 390 5 15 0,913 0,072 C

) NGi CB ciit AA’ tai M chinh 12 diém dai dién cho thanh phdn nuée 6t pha voi thanh phan
“wron duge ciia didm M: c6 thé bing phuong trinh can bang vat chit hoac bing phuong phip don

bdy dé tinh ra ty lé pha tron nudc 6t va nudc cdi thich hap.

C6 mudbi kali

két tinh

5+ A
% | 0.4 St
56 , két tinh
=
=5 T
0,12
% M
ET
- 0,10  Khong c6 mudi kali
2
e
2-
L=
F

C(nudc cdi)

1 1 } i i 1 . 1

01 02 03 04 05 06 07 08
Hinh 75: Ty 1¢ pha trén.

Néu theo quy tic don bay thi:

CM _ Khi lugng clia MgCl, trong nudc 6t
BM  Khdi luong clia MgCl, trong nudc céi

>
Ty 18 khoi lugng

B (nudc 61)

MgSO |

MgCl ,

N&u dem tir s6 chia cho ham luong MgCl, trong nude 6t va mdu 6 chia cho ham luong
MgCl, trong nudc céi, chiing ta s& dugce ty 1¢ theo thé tich giita nudc 6t va nudc cdi — gifta Bva C

Cu thé néu CM = 0,368 vi BM = 0,293 tinh theo tryc hoanh, thi ty 1¢ pha tron theo thé

tich sé la:
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0,368

Nudeot(B) _ 116 8l

Nuge cai(C) 0293 19
' 390

Diy la ty 1¢ trdnh duge ton that K* trong qué trinh c6. Dé bio dam ty Ié ran 1ong clia qui
trinh ¢06 14 <15% thong thudmg phai ting thém lugng nude cdi va nén 16n hon so véi lugng da
linh toin trén.

B. CONG BOAN CO DAC BAC HOI
1. Muc dich ¢é ddic
Lam bay hoi nuéc dé NaCl, MgSO,.7H,0 két tinh va lam nong do KCl, MgCl, tang dé
lam tanh s€ dugc cacnalit két tinh ¢6 it tap chat.
2. Yéu cau vé c6 ddgc, 1 ling trong, lam lanh ket tinh khi sin vudt cacnalit 16t HHGC 6t
a. Vé co dic.
- Trong qua trinh co khong ¢6 mudi kali két tinh
- NuCl, MgSO,. 71,0 két tinh cang nhiéu cang .

- Phii ¢6 dén ndng do ma sau khi 0 ling trong dung dich dat bao hoa hay vira dat bio hoa
cacnallit, |

b. Gift nhi¢t lang trong (i ldng trong)

- Trong dich trong khong ¢6 pha rin cia NaCl va MgS0,.71H,0.

Cén khong ché€ nghiém khic nhiét do va thai gian twrong tng véi nhiét do co dac dé NaCl
+ MgS0,7H,0 két tinh, ling xusng nhiéu nhat va cacnalit khong két inh theo.

o Lam land ket tiph

Nhiét d6 Jam lanh ket tinh cudi cung phai phit hop véi thanh phin dich trong thu dvoc sau
khi (i ldng trong vi néu cao: s& khong ket tinh hét cacnalit va néu thap qui s& cé MgCl,.6H,0 két
tinh anh huéng dén chat luong cia cacnalit,

B¢ dat duge yéu ciu vé co, o, ket tinh trén cin phai nghiém khic khéng ché :

- Thanh phan msde 6t nguyén ligu: khi pha tron can chii y dén ty lé: MgSO/MgCl, va
KCl/ Mg(Ct..

- Noéng do dung dich cudi sau ¢ dac.
- Nhiet do u lang trong cusi citng.

- Nhict do lam lunh cudi cung.



3. Tindt todn vé hiong qud trinh ¢6 déie

Theo muc dich va yéu cau da trinh bay thi qud trinh co ddc phii bio dim thu duge hén
hap ma dem 1 lang trong khong ¢6 mudi kali trong pha rin (chi ¢6 NaCl, MgSO,.7H,0) ¢on pha
long trong thi vira dat bio hoa KClL.MgCl,.6H,0

Nhu vay, dung dich Iéng trong phii nam trén duding bio hoad chung cua cic muoi NaCl,
MgSO,. 7TH,0 vt KCLMgCl,.614,0.

Néu nhu bigt duge 56 lidu vé bio hoa chung cla ¢cdc mudi trén & nhiét do nhit dinh viv bidt
duge thanh phan nude 6t nguyen lidu (nude 6t pha). Ta s€ tinh duge luong nude can bay hoi-
lurong NaCl, lugng MgSO,. 7H,0 két tinh dé cacnalit viea dat bao hod.

Bang 28, Thanh phan nudc 6t pha 33,3"Be

Thanh phan MgaCl, KC MgS0, i Nau(l] Tong musi * H,O !
| Mam luong.g/l 18929 | 1891 | 7362 9394 37575 - 88845 |
, MeCh . MssO,

H

= 10; =0.39
KCli MgCl,

Gid dy ta chon nhi¢t do 0 lang trong 1a 100'C

Biu ti¢n ta phai tra bang hodc lam thi nghi¢m dé xdc dinh cic s8 licu vé bio hoa chung
ctia NaCl, MpSO,.H,O:; KCI.MgCl,.6H,0 o 100"C.
Bdang 29. Thanh phan vé bito hod chung ¢ 100'C

Nhi¢t | Tyle % Khéi lugng cic muéi trong 16ng

4o ) MeCIYRCT ) Naet | ket | MgCl, | Mgso, | H,0 Pha rin

0'C ! |
47 174 | 625 12928 |2.00 60,57 | NaCl+KCl+MgS0, H,0 \
74 1,00 | 430 {3188 | 183 6089 | KC1. MgClL . 61,0 |

100" | 9.7 101 | 342 3304 | 1,56 60,95 | KCL MgCl,. 6H.0 |

¢ 154 0.81 | 228 {3500 | 1.40 60,51 | KCL MgCl,. 6H,0
26,2 1072 | 1,41 13699 | 1.17 5971 | KCL MgCl,.. 6{1.0 |
307 50,79 0,04 [38,15 | 1.05 58,99 | KCL MgCl,. 6H.O |

MgCl,

Ung véi ty te —la = 10 ta dung dudng 10 -10 sé xiic dinh duge thanh phan dich trong

sau 1 lang 1a:
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Cilu tr MgCl, KC) MgSO, NaCl H,0

Tp %KL 332 _ 3,32 .62 1.0 60,8

Dtta vio mué MgCl, khong két tinh trong qud trinh ¢6 va (t dé tinh tugng. Tir cdc 6 liéu

trén ta lap duge do thi hinh 76.

S khoi luong MgSO,
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a. Liegmg NuClEér tind: (tinh cho 110t nguyén licu)
Luong MgCl, nam lai trong toan bo dung dich 1a 189,29g/1 (theo dau bai )
Lugng NaCl rong dung dich la X thi vé1 dung dich ta cé:

Lurgng NaCl l X

Luong MeCl, 332 189,29

x=380¢g
Luong NaCl két tinh 14: 93,94 - 5,89 =88,05 g
Hiéu suat tich NaCl: n = 3805 100 = 93,974

93,94
EY il 44
NaCi4 6 MgClL,
%H,0

Sr 4

4 3

3 2F

2

Hinlr 76: Thanh phan bdo hoa chung & 100"C.

b. Litong MgSO, két tinh

bat Y 13 lugng MgSO, con lai trong dung dich thu duoe sau u iy thi:



Lugng MgS0, trong dung dich y _ 1,62
Lugng MgCl, trong dung dich 18929 33,2

¥y=928¢g

Luong MgSQO, két tinh: 73,62 - 9.28 = 64,34¢

043 (00=87.39 %
62

RN

Nudce két tinh cung: % A18=0065¢

Hiéu suat tich Na,50,:

¢. Licong miege bay hot: W lugng nude con fai trong dung dich sau G ling trong thi:

Luong nudce trong dung dich W 608
‘. . - - e W= 346‘6 g
Luong MgCl, trong dungdich 189,29 3.2

Vay lugng H,O di bay hai la:
| 888,45 - 346,6— 9,65 = 5322 g

C. CONG DOAN U LANG TRONG PHAN LY:

i Muc dfc‘h.‘-dqy tri nhiet do dé cacnalit khong két tinh ma NaCl, MgSO,.H,O két tinh
hoan toan

2. Yéu can kli thao tdc

- NaCl, MgS0,.H,0 két tinh nhiéu va tich khoi dich trong

- Dich trong phai khéng ché dat diem trude bio hoi cacnalit

- Phai ¢6 bién phdp thu héi KCI trong mudi dang(thudng 16n that KCI theo mudi dang trén
1% - 11an mat 5kg) c6 1hé ding nudc 61 pha dé rira s& giam duge xudng chi con 10n thil 0,5% (1
tan la 3kg)

D. CONG DOAN LAM LANH KE£T TINH

Dich trong thu dugc sau 1 ldng ndm trén dudng bio hod chung NaCl, MgSO,H,0 ;
KCL.MgCl,. 6H,0 & nhiét do 0. '

Khi giam nhiét do, khu vyc két tinh cla cacnalit rén gidn do s€ rong ra. Khu vye kel tnh
ciia mudi MgSO, & thu hep lai. Do hod tan cha NaCl ciing giam theo nhiet do.

Vi viy, theo 1y thuyét qud trinh lam lanh két tinh chi ¢6 KCLMgCl,.6H,0 va mot phéan
NaCl ket tinh. Khi bit dau lam lanh - diém thanh phin dung dich sau G [a m ndm trong Khu ket
tinh clia cacnalil. Nén mudi két tinh ciing véi NaCl phai 1a cacnalit ¢6 di¢m thanh phan C vi
diém 16ng phai 1a M. Trong qud trinh lam lanh pha ong M dich chuyén vé phia phii fa chicu
giam ham lugng MgSO, trong dung dich (ufc la do hoa tan cia MgSO,.H,0O ting khi giam nhiét
@6 ) - chiing 16 khong thé 6 MgSO,.H,O két tinh trong qua trinh lam lanh duoc.
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SO,*

Na,S0,.MgSO,.H,0 MgSO,

MeS0,.7H,0

MgS0,.4H,0

MgCl,

C

™

.

K> KC1LMeCl,.6H,0 Mg™

Hinh 77: He K7, Mg, ™, SO

Vé nhiét do lam lanh cugi ciing: vé 1§ thuyét thi nhiét do cang thip, két tinh cang triét dé.
Song trong san xudt cin phai xét dén khd ning mi nhi¢t do ¢4 thé ha thap duoc v6i hiéu qua
kinh t€ cao, c6 thé gidi thiéu vai s6 licu dé chon: Nhigt do ha te 103"C dé&n 45°C KCl trong long
gidm tir 3,15 d&n 0,45 wic da ket tinh 88%. Néu lam tanh xudng 35'C thi KCl chi con 0,28% tic

dii K& tinh 90% tré len. Vi vay, thong thudng trong san xudt chi 1am lanh xuéng d&én 35°C =
40"C fa thich hop.

Neéu kéo dii thoi gian dé [am lanth & nhiét do thap hon s& bdt loi vé hieu sudt sir dung thict
bi va & nhigt do thap s& ¢6 kél unh MgCl,.6H,0 cling cacnalit s¢ lam anh hudng chat lugng san
pham.

E. CONG DOAN PHAN GIAL RUA
1. Co s Iy thaydt va yéu cdu ki thudt
Cacnalit san Xudt tir nude 61 clia mudi bién, noi chung ¢6 thanh phin dao dong nhuy san:

KCl: 20 = 24%: NaCl: 6 +10%; MgSO,< 1%; via MgCl,: 30 + 32% nén ¢0 thé bé qua MgSO, va
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ding dé thi hé bén don gian musi- nude Na*, K, Mg™//Cl", H,0 dé lap quy trinh phan giai, rira
va tinh (oan vé lugng cla nd.

Trong san xudt yéu cdu qud trinh phan giai, rira phai ¢6:
Hieu suit thu héi KCl cao dé c6 nhiéu KCJ san pham.

L.uong H;O tiéu hao phai it nhdt s& ¢4 lgi vé mact kinh (€ va vé mit sir dung higu sudt thiét
[

Cic yéu 16 anh hudng dén higu suat thu hoi KCl va lugng nude tiew hao gom:
- Phuong phip phan giai, rira.

- Nhiét do phan giai , rua.

- Tap chit trong cacnalit (NaCl, MgSO,. Mg(i,)

2. Phuong phdp phdn gidi, ria

- Phan giai 1a qua trinh phan ly rieng KCt va MgCl, trong cacnalit
- Rira; 14 qud trinh loai bo tap chét trong KCI tho (chu yéu NaCl)

Hién nay, cic phuong phdp phan giai, rita déu phai thém nude <6 thé phan thanh cic
phuong phip chi yéu sau: '

- Phuong phiip néng bao gém: Hoa tan 1am lanh két tha KCl v hoa tan, co dic, két tua
KCL.

- Phuong phdp lanh bac gom:
Mot fdn thém nude di dé ria va phan giai.
Hai lin thém H,O: Lan 1 phan giai, 1an 2 rua.
Hai ln thém H,0O: Lan 1 phan giai khong hoda toan, lan 2 phan giai va rira.
Phuong phap néng: KCl két tinh c6 tinh thé to, khéng cn thodt nude da st dung duoc.
Phuong phép lanh: trinh ty don gian, khong gia nhiét, thao tic de
3. Pluserng phdp lanh
Tinh lugng nudce sir dung va hiéu suit thu hoi KCI. D¢ lap quy trinh cong nghé va tinh

luong ta can lap do thi he K*, Na®, Mg™//Cl - H,0 ¢ 25°C dua vho bang 56 liéu do hoa tan cba he
trén sau:

Vi du thinh phan cacnalit ta :

-Theo phdn tram khéi lugng : KCl 23,28%, NaCl 7,31%, MgCl, 31.34%:; H,0 37.55%
(MgSO, 0,36% bo qua).

D6i thanh thanh phan kho ¢é: KCl 38,1%, NaCll1,7%, MgCl, 50,2%, H,(0 ©60,1g/100g
mudi kho biéu dién 1én dé thi duge diemr P.
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a. Tinh cho mot 1dn thém nude du phan giai va ria
Yéu cdu mot 1an thém nude di hoa tan hoan toan MgCl, v NaCl- vay lugng nude thém
thich hop nhit 1a dé pha 16ng vira dat bao hoa NaCl, pha ran khong con NaCl. Néu thém nude &
25C thi diém thanh phan rin: KCl, hé P v 16ng ta C, ¢6 thanh phin : KCLNaCLMgCLH,O  a
17.6% 15,29%67,2%243g/100g mudi kho. Ta tinh can bang vit chat cho 1000g cacnalit (1kg) v6i
lwong dung dich 1ao thanh C 13 mkg, lugng KCI két tinh 1a 8 kg thi ¢ phuong trinh can bing vat
chat :
283 KCI + 73,1 NaCl + 313,4 MgCl,+(375,5 + w)H,O
=m(17,6KCl + 15,2 NaCl + 67,2 MgCl,) + 3KCl + 243H,0.
Viét can bing chat cho:
KCl :238=176m+ S
NaCl:73,1 = 15.2m
MgCl,:313 4= 67,2m
H,O :375,5 + w=243m, b = 155,3g.

155'83 100 = 65.2%

Hiéu sudt n =
w = 7666 gam 13 lugng nude thich hgp nhat du dé phan giai va rlra lkg cacnalit (7666
gH,0/1kg cacnalit).
b. Tinth cho hai ldn thém niée dé phan gidi va riia
Lan 1: Phan giai hoan toan.
Lan 2: Rira sach NaCl.
Vay diém pha rén phai khong c6 MgCl, ma chi con NaCl + KCI. Diém pha long phai vita
dat bao hoa cacnalit — chinh I3 diém C, . Diém C, c6 thanh phin doc duge trén bang so Li¢uw:
KCl NaCIMgClLH,0 Khei luong C,
10,8% 5,19%84,1% 222,5g/100g mudi kho m,
- Lan 1 thém nudc sé& dat duge KC1 the S(KCl 79,3; NaCl 20,7)
Tinh cho lkg nguyén licw:
238K Cl + 73,1 NaCl + 313,4 MgCl, + (375,5 + w)I1,O
= m,(10.8KCl + 5,INaCl + 84,1MgCl, + 222,5H,0) + S + Sy,
m, = 3,72 §; = 198g;

170



Beng 30. He K*, Na*, Mg™// €I, 1,0, 25°C

gH,0/ 1002
mudi kho

NaCl + KCl + MgCl, = 10

Pha ran

NaCl + KCl
NaCl + KCl
NaCl + KCl
NaCl + KCl
NaCt + KCl
NaCl + KCl + Cucnalit

NaCl + Cacnalit
NaCl + Cacnalit
NaCl + Cacnalit + MgCl,. 6H,0
NaCl + MgCl,. 6H,0

KCl + Cacnalit

KCl + Cacnalit

Cacnalit + MgCl,. 6H,0

n =18 100 =831%
k238 -

Se= Si,2g (NaCl pam trong KC1 tho)
“Lan 2 them nudc du dé pha cin 1 KCI (8) voi higng nudc thém la w,, pha 16ng C doc
dugc: NaCl 64.6%; KCl 45,4%; H,O 216.9g/100g muoi kho 6 lugng my,

Phin can bing vit chat la:

KCl 198 KCl: 354
Nal 542 | TR I NaChede | + 8
H,0:2169
Giai duge m,= 0,84; 5¢ = 168.3g:
Ny = 1283— 00 = 70,7 % w, =182
: 198
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Na(l

C S 5
Hinh 78 11e Na', K*, Me®*/ CI', H,0, 25°C.

Téng hai Jin thém nude Ja w, + w,
w=4522+ |82 =0342
Nhur vay: Mot lan thém pude di phan gidl, rfa: Mg = 65.2%; luong nude thém so vdi
nguyén liéu 76,66%. Hai lan thém nudc, lin 1 phan giai, lan 2 rira = 70,7%. lugng nude thém
16ng cong 1a 63,42%. Vé mit thu hoi KCI va tied hao nudc thém thi hai lan loi hon mot lan. Ve

mat thao tic thi mot lan don gian hon. Vivay, tuy hodn canh cy thé m hoach dinh phuceng phdp
san xuat cho hop ly.
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