
Ecole Normale Supérieure de Laghouat

2020,y-rL 07 ,ê:.treït
(r 30 , Ll)

!19-éIti Ë ijt.,ùtJ tJ-hll I.-.{Jù"lf

ry$l ertll r*
-t-,JÉ^ J ç3rlE ii$r e:b J:')l ajJl

4r^h.1ljlt ,yru-Cr 4!t etsrlt

'4 
,drlt+rrdt

,(ùr; ap) db-,}l (Ur') fttlÂJ r (6..) a';'.-it crLr.Çll LiË+

:cJl'J ,1 . aJ,- PV = nRT âilL^ll ô''!Fll 'l-r.r-r p;-ll r l"iJl O* €lJl '1

''-,p!l çrLl çI3" ile .1

lJlll éljù ç113. 
jlê .,J

(Van der S/aals) ità$ti jLl .dr

JË., ;< rrt .'3

:,pÇ* c+13 Ê-' .l:c' f.,.j5ll 1-..I ,ÂlJill i'lr' Ç.1.r ::c .2

"e3!l q-rLl .Ju:te ..1-J,i" in .1

p:+l#l Jte ..bi cr ?R .+

t-2.rll çB -j,r c!'1 ar |n .o

ùrà-(./l :lr d-J ,y 3R .o

:o.r tilLll I'!Jl a--.-,p3(v'z) éiEJl Â-cJ,* g.r À-J^ ir# 1â.ll l-pll ç:r-l ,J3. -rte r,J-J cr .3

m(u')=t"r '1

/ ,\m\v-/=âKBr.er

m(v')= rt"t 'o
rvr(v')=rnr 'o

:11;fuL,f!l 1,-, lill g" JEJI itJl éiEèl +lÀlJl l5ttll LB"É .4

é1t!il l5JÊll ttut .1

ûÉl.e,ll A:,.Kll llttil .ç
ful.lËll tu"lSll &ll.ll .Ér

lL+ll dilllr iH o!,ûbll 4.' Litjil li"lSll a-flH, éil$Il:r!-I lltll Zr.r" .':
(, 6 '(d|ttltcitl|lt

Lliir a,..à.1,; CaSOo.2HrO (gypse) .r,sll 4p rlJl ei+CaSO4.+HrO (dâtre) "t+ll 
(lD.) ,-l,+ eBJ e+

.c!.8 L:.. .ric ,.,1.,".4!l ,J ÉljL*Jl JS pl ,1,;ut illJl qr! elll e+l .400'c {j.r= a-.r ar
400"C $o Ê25'C .l:c ..iÊn.1ll Alji,! d'ti:l 1J-Sll l+lutTl çi ,taSt ç,'"'1 ' t

.40Kg tEs -f,r.;ll gr 
"rS els{ l{iNl {'EtUl rys e\.. .25'CqùF l'-.f Af Llilr .'++ll d'$ '2



d,Jr-,q fr. .400oC$ê dË+-,<i!, ùr.jÉll ûLÉ-l ,J'lltl l{il" ù--âll ê dt,.lJl d'tjlll ldlll lillll .3

+r"Ir,;-'ll ç;.À 4,tilll eled 4",..s 6l ,", \- l3J .400'cJJ25oc e ùl .Jit.,!C!, iuusll

.Jb e.r. rle6.ll :r':': .40Kg +:ls Jni=Jl Lr$ ellry Li)ll ù'él lls ',' "-b 80%9 A.,t! çp,,]Ël

.dr.r\ N,(80%) :or(zou") ,>
:,:rl+b..ll

Ani (r"lmof'): HrO,*, = -241,33;COr,r, = -393,51;gypse(") = -2021 ;platre*) = -1575;

C, (J.moft.Kt): HrO,r, = 29,59 + 11,38.10rT;N z1r1=27,17 + 4,18.10rT;CO2(s) = 34,11+20,40.10-37

o<r) = 34,s g + t, 09.10-3T ; gypse,", = I 86 ; platre1.1 = 120 ; c1.y = 8, 6

M(s.mol-l): n = !008 ;o = 16; Cp = 40,08;S = 32,07

{r1O ,Altilt$sÉrlt

:a;llill 4-,Fl crYrÊ3ll C all é$ CIL jl.l u" lmol ê9;';

,, 
. B âl\-Jt J! A i.ltJl g,. *$;:b.Î !u.-b{ :(1) clrâlll

. C eJ\=ll C B allJl ,3r ,t'iriJ !ti.ài) :(2) fu.:lt
:

. D allJl C C al\Jl dr çs#hrl .:r; :(3) cJs.:tt

. A allJl C D AIJI ir" ç+Ëgl,J s.oi :(1) cJs*,lt

.ie.rl! (p.V) Clapeyron r-utr,rùS LLi o a.1ri * . Cp -C' =R (Mayer) JJU e$tÊ iA;; -1

fgr;ll ôYrÈ:IIQ ËjËl 4i^Sj W cji."ll 1$"ta-r-:,+,Éll ;srtill ,.,,,,-f -/
.é!^l+ù'{ËJl .l .l_fil ôrÉ1511 d*il.l 6r" û"=: -3

: d;.l iro çle é*tl-1

Po =105Pa;Pc =2Po;To.=285K;\ = 320K;T; =ToPa, Cu =*R, R=8,31J /mol.K

éP$ltd



âr l,$) g Le Jr tidl

! -.r.r., Ur) e^1, 3)ilJl

.{ d. €- zS'
o

r{oo I

iÙl W u), îu ta# iô ry Jrtif :;ltr
677 ; .1u û.)û,1

q,. s àtl:(uor'c) r(\.1*,; ;;; ;;
,(r "Ttg 

v

$n' ^WK3'hnrt-r 

\-- 
,

\.r (asq .1,^,, 
_'#^,ri'rË\u"

&pz
ry = \'{6tlzKf

iSf,o4 *-np,n, 
@

r tltzttt î'l frl +.,*. crl lf /l i '3

rf 'rl'JI 6otà àY
' o*1'

QP,o,'ltÇcr,r*
'tgll

8p-' iM6'96 KJ'
t, n't

Ng lt "$ oz ît'^,lttl t
' çtJa

rtdl e ji'

2o?o ntlb

l. U; C , .iWl p,rtJt
: f ( ?0/ûtrc) i yrrl 

2.6.\ ju \bj ,l
GSO.{, z rrzO :* crsou. I q,ou*} 

13tL*x 
(s) 

O ,ÀJ 
(

b+)
J24l oÉ)tf J-) rrlJl 2^xiJl

+b,gr-Fl
-?

'o- ff ..a,L.te. | û
-<ilË ;.,.\'j

2 -ll. Isr/\+La 
'ut 

I
'l

<$./lr.p ?2

tt\r .aul.rt L.rC

âÀtoe-* -<rr Ls I
o' | | C

' in l s i.J|

i, l.P ,3
gtC

lp tP , ,l

2J

,â.
@t\e.utrl#- bL,ir'y
\--/ " c

ic-r+ iI h I

- nl t<trâ b 22

.1

,2

Y.P
,t t,.
t, \,

a,

I
l.$. 'rl

\̂,

b

:t
'r"t

<.iJ

rJÎWl

Au? (zsar) = ^ug,,5;.' 
+ 'f,5 b\ 

Wgrt

.@
- oHf fi?n t+rll ,,g6 rÊ

Au: (zsilu) = - 'l(}f t 'l' t' GIA'ïI) 120?4

= fr?](r:*{6Y
Kr,cV(l- 'o?é^#f :^{A

Au; (voie) = aH; (ri{ r ) A,ç. dT

by ,!0,

a.k : ^'q 
q,r,?,| 4#* - t ,rar*,

t \ui( c- ?c L

zÇ^ + ,?^+\,b

o
î

otT
.L

r re {lt, t/.A ô' 
'z'

cat + oL (?t- coz@@i

ô!Ê Pft) =au! %ô\lrc;

i \otc? ?P| â, l{J 
"etbl

,iôf ptltll N



bH; (r<u')
b;ê ,,5 Ly Li e 2

= DH; (t) ' 16rt ' '

* 
/ hcr''dT

b lt:
3?yl
'irùul iv4 s go( ,PI -r)\ )' :' I tJ'

or9(ar6P6-7g3,uo) ' f

= - 21'^'t$ KT't{" gI
\stcfi,,--t 2gt âa 1Wl 4 fll-^)t' 'io 

g

n(Iyfif ), ^2,o4x ffirr" 
?P|KT



PV: ET =) ?d dV ? RclT _V d P

,rb2

ç 6ttt4

ar* t

z (ar s)dT

-cveR M

q' d'T

,àq g

_zPnVa3RTe , VA-- &
Drt

P. = 
L?a

RT<

T=
vD"

vD

; I s .Jt3lt

P
Vg

ys

PB

2. FT*.
Va

'{ lI
VC H)
s'fï,! [t6

D

\

F-

-

a

t

€e^^, ? (q/tÊ)dT- v dP &
c\ P: a -u tYt4 J tl,Jl

I\||o.l^

va -r 
?# È z3,lxl63"' @

lo5

cp=(v+R:+R d:+zi
PV 

ï : roçl. Jr!^l, !t J/ûJ | -b 9ts
1v t-l : b*rk ?L"

l-l ^^6-t
Tl .vr 

-t 
=TB'v*l-t

= Vn Rt"-' =)

3= 1ï.1 . 163 ^? @
RTsî Èf ?s;,r#^

,L--Jr{!

Vc =A}'l6t"t
@JY

t c,D _-ly1l

btS:.1* i ôJ ùl 
-u -ç*),

+ ! ',/ iJ, J;rl î.-rl --.r _ r

du: 6o + g'/
ut^dl -[.8JI -orF tp.-rrtrll,l.r)l

$,wru z -Pdv

da,.-: clu +# :niuo

.,cu: cy cl T 'ù9 Jt' ib'l

PV s n ltT

tlz
r?@ h = 

,f nr9._



pl=rot?o ! Pso {rfxlotr"

vg ; 23.1 'tû! t3 --t 
vrg = 4 tr ' l61t I

1rrtr
Po . 4r13K\o{ P. ?c, ?. I ot P.

VD -- 
,11.t ,t 61r"' c- Ve ? r?lt t6t,"!

nT^ t^ Yu-\NOt 7 '\ 'A' V4

= 8,14' tfS L X rXË18 
j

(o*,/
0, '-W AUs o Y"Jrl: J,l5

, Lilstl -v'ôËrY,ot oU3 
h(y

,t3

?o = LTt'
VD

Po , 'tr31 x lo t P"

8,3 I . 1û1
= _.__

f?rt .lo-l

6clAB=o @ , ÀB JçJl _r

AUag:Wts arrÇ AT

= ;..R (5-lrr) -1 I,'8,3'r'(rro'ttf)

l,u rlB = W46 = 4z+ 12r i6)

eAcD s ,@ I cD lYll

AVce -- \À,r40 
= 
h ç ( t-T( )

Îp sT* I T. tTg

wcD s - 42i,ttÎj

; B( JFJIsj*l. ,<

@tte+Iuuwfiçr. @
Ws. 3 RTs "Ù. U
\ttg. a 8,34 ' 37â A" #

?+ôoi
v'ûwg.

Q--


