MO DAU

Tt rat 1au, nganh hoa hoc dd quan tAm nghién ctru dén hién tuong lam thay ddi van tdc
phan tng khi c6 mdt mdt luong rat bé cia mot chat nao day. Co 18 hién tugng ndy xuit phat tir
nhimng diéu hét sirc tinh co.

Vao khoang dau thé ky XVIIL nha bac hoc Nga M. A. Ilinski di nghién ctru dé diéu ché
axit sulfurnic thom (12 san pham trung gian dé tong hop pham nhudém) tir hop chit hitu co
antraquinon CgH4(CO),CsHy. Theo tinh todn ctia 6ng, antraquinon khi dugc dun noéng & 100°C
véi axit sulfuric H,SO, s& tao thanh axit sulfurnic ¢6 ciu tao xac dinh. C)ng da tién hanh nhiéu
thi nghiém nhung van khong thanh céng. Mot hom, 6ng dang tién hanh thi nghiém thi nhiét ké
bi v&, mot giot thuy ngan roi vao binh cdu. Va chang khac gi phép la, trong binh ciu tao thanh
chat axit sulfurnic. Piéu nay c6 nghia rang giot thiy ngan di hudéng qua trinh di theo chiéu
mong mudn. That kho néi cau chuyén nay c6 dang tin hay khong nhung c6 mot diéu rd 13, mot
lwong nho tap chét — thiy ngan — c6 tac dong rd rét dén phan tng, c6 nghia 1a Hg d xuc tac cho
phan ng.

Ciing dau thé ky XVIII, nha bac hoc Anh Bévi da thuc hién mdt thi nghi¢m lam céc nha
béac hoc nhiéu nuée phai cha . Ong thdi hon hop CH, véi khong khi vao mot day Pt nung nong,
thi thdy day Pt bi nong do 1én trong hdn hop d6 va tiép tuc néng do trong thoi gian dai. Nhidu
1an ong 14y soi day ra dé ngudi trong khong khi roi lai dwa vao hdn hop khi, soi day Pt lai nong
do 1én va phat sang. Day Pd cling cho hién tuong tuong tu, con Cu, Ag, Fe... thi khong c6. Thi
ra Pt va Pd d3 gia tbc cho phan tng oxy hoa metan bang oxy ciia khong khi, c¢6 nghia ching 1a
chat xtic tac. CH, bi dbt chay bién thanh CO, va H,0, giai phong mot luong nhiét 16n lam nhiét
do kim loai tang 1én va kim loai phat sang.

Gan 300 nam troi qua ké tir khi phat minh phan ung d6t chay CH, trén Pt, cho dén bay
gid chit xtic tac d6 van chua mat gia tri ctia né. Trong chién tranh thé gidi I va II cac nha bac
hoc Nga di (mg dung phan tng nay bang cach cho diy soi amiing tam Pt vao vo dan dang luéi
va gilt vo dan bén trén magt binh nhd chtra xdng. Hoi xdng khi xam nhap vao Pt s€ b1 oxy hoa
dan dan thanh khi CO, va H,0. Qua trinh héa hoc nay toa ra rat nhiéu nhiét 1am cho soi amiang
néng 1én va buc xa nhiét. Nho thiét bi nhu vay da ctru céac chién si X6 viét khoi bi rét cong trong

nhirng ngay dong ac nghié¢t cia cudc chién tranh VE quoc.



Va rét nhiéu thi nghiém xuc tic duoc nghién ctru, 1am sang t6 ban chat tac dung xtc tac
ctia nhiéu chit. Nam 1836 nha bac hoc Thuy Dién Berselius 1an dau tién dua ra thut ngit “xtc
tac” vao khoa hoc.

Vay hién tuong xuc tac 1a gi? Hién tuong xtc tic 13 lam ting nhanh van tdc phan tng
dudi tac dung cua mot chét, chat do goi la xuc tac. Chét xtc tac tao thanh hop chit trung gian
v6i chit phan tng. Cudi cung xtc tac duoc hoan nguyén (tirc khong c6 su thay dbi vé phuong
dién hoa hoc). Hién tugng do goi 1a hién twong xtc tdc va phan g dugc goi 1a phan ung xtc
tac.

Néu chét xtc tac khong hoan nguyén thi goi 13 "chdt xiic tién". Vi du qua trinh luu hoa
cao su (cao su két hop vai S): khi thém Na thi van tdc luu hoa ting va cudi qué trinh thi Na nam
trong cao su. Vay Na 14 chat xuc tién cho qua trinh luu hoa cao su.

Chét xuc tac sau khi tham gia vao qué trinh khong bi thay dbi vé phuong dién hoa hoc
nhung c6 thé thay d6i tinh chét vat Iy (chang han nhu thay d6i hinh dang: tir dang hat sang dang
bui nho...)

Anh huong cua chat xuc tac rat manh va dudi tac dung cua chiing, téc d6 phan tng co thé
taing hang trim lan, hang nghin lan va hon nita. Chét xuc tac c6 thé kich thich nhimg phan tng
ma néu khong c6 chung thi thuc té phan tng khong xay ra trong diéu kién khao sat nhat dinh.
Nhiéu chat héa hoc tham gia phan {mg rat cham; dé phan Ung xay ra can phai tién hanh ¢ nhiét
d6 va 4ap suat rat cao. Con néu chd phan tng trong diéu kién thudng s& mat rat nhiéu thoi gian,
khong phai hang gio ma hang ngay, hang thang. Nhitng qua trinh nhw vdy khéng thich hop
cho céng nghigp. Nhung néu nho dén céc chét xtc tac thi phan Gmg trd nén hoan toan thuc hién
duoc & diéu kién nhiét do va ap suit khong cao. Piéu d6 co nghia la chét xac tac 1am tang
nhanh téc d§ phéan Gng va lam giam ning lwong hoat héa. Vi du nhu hdn hop cac chat tinh
khiét CO va O, khong phan tng ngay ca khi dun ndng, nhung néu thém mot luong rit nho
Mangan dioxyt MnO, thi toan bd CO bién rat nhanh thanh CO,.

Ngoai tinh chat ddy manh toc do phan tng, giam ning luong hoat hda, xtc tic con co
tinh chon loc, huéng qua trinh di vao phan Gng chinh, giam toc d6 phan tmg phy, 1am ting hiéu

suat san pham chinh.



Vi du: ruou isopropyl c6 thé chuyén hoa thanh aceton va hydro, hodc thanh propylen va

CH3COCH3 + H2 (1)
C;H,OH

C3H6 + Hzo (2)

nudc

* Néu xuc tac 1a ZnO: phan mg xay ra chu yéu theo hudng (1)

* Néu xiic tic 1a ALOs:  phan tng xdy ra chi yéu theo huéng (2)

Thoéng thuong chét xuc tac chi 1am nhiém vu cho mot phan tng; dac biét xuc tdc men chi
lam xtc tac cho mdt hay vai giai doan trong mdt phan ing; nhung cling c6 nhitng loai xuc tac co
hoat tinh cho mot vai nhém phan tng; chang han nhu xtc tic axit lam xuc tac cho cac phan tng
cracking, isome hoa, thuy phan, dé hydrat, alkyl héa...

Xic tac duoc sir dung & nhiéu dang khac nhau, c6 thé 13 mot hdn hop phtic tap gom nhiéu
oxyt nhu zeolit, dat sét, aluminosilicat ...; hoac la mot chét tinh khiét nhu xuc tac kim loai Ag,
Cu, Pt...; hoac 1a mot hop chat don gian nhu céc oxyt, sulfur...; hodac dudi dang mot hop chit
phtrc tap nhu xtc tac men.

Vi ¢6 rat nhiéu wu viét nén hién nay trong k¥ thuat hoa hoc, dac biét 1a trong linh vuc loc
hoa dau va nganh téng hop hitu co, hau hét cac phan ing déu dung xuc tac. Hién nay tit ca cac
nha may loc héa dau hién dai déu ding phuong phap cracking xtc tac, reforming xdc tac,... thay
cho céac qua trinh cracking nhiét, reforming nhiét trudc day.

Pé hd tro dic luc cho viée tim loai xuc tac mdi, cac nha nghién ctru da két hop céc
phuong phép vat ly cung voi phuong phap dong hoc. Vay nhi€ém vu cua dong hoc 1a nhién ctru
tdc d6 cua phan tmg hoa hoc, cac yéu td co anh hudng dén tdc d6 phan Gmg nhu ndng d6 chit
phan tng, nhiét d9, ap sudt ... va ca co ché phan tmg khi c6 su tham gia cuia xtc tac.

bpé giai thich cac hién tugng xtc tac, thi con co nhiéu diéu chua hiéu rd nhung nguoi ta
da xac dinh dugc nhiing nét chu yéu cua hién tugng. Xuc tac co vai tro 16n trong hoa hoc. Sy
xam nhap sdu sic vao ban chit cua xuc tac, su sang tao nhitng co so 1y thuyét, cho phép tién
doan chét xuc tac nay hay chat xuc tac khac 1én cac qua trinh hoa hoc cho trude, s& trao cho con

nguoi cong cu dé lam giau thém co s& vat chat cho nhan loai ngay cang tot hon.



CHUONG I: PHAN UNG XUC TAC PONG THE

I. Khai niém
e Xuc tic dong thé 1a chat xtc tac cung pha véi cac chat tham gia phan tng
e Phan tng xtc tac dong thé chi xay ra trong pha khi va pha 1ong; khong cé xuc tac dong thé
trong pha ran.
Vi du:
1) Pha khi: phan tmg oxy hoa SO, bang xuc tic NO tao thanh SO, dé san xuét axit sulfuric
cong nghiép SO, + 0, —2550, - H,S0,
Phan trng xdy ra qua cac giai doan sau:
O, + 2NO - 2NO;

280, +2NO; - 28S03 + 2NO

Trong d6: NO, 1a hop chat trung gian
2) Pha long: phan tng xuc tic dong thé trong pha 16ng phan 16n 1a phan Gng xtc tac axit -
bazo. Vi du phan (mg oxy hoa ion thiosulfat bang H,O, v&i ion I" lam xuc tac.
28,0 + H0, + 2H —L> 5,04 + 2H,0
Phan ing x4y ra qua 3 giai doan nhu sau:
H,O0, + ' > 10" + H,O
[+10+2H - L + HO
L + 280, > S406 + 2T

28,05 + Hy0, + 2H -  S405° + 2 H,0
Trong d6: I0™ va I, 1a cac hop chat trung gian

e Phan Gmg xiic tac dong thé tu xuc tac : thong thuong 1a cac phan (mg xay ra trong moi
truong H'
Vi du:

1) Phén g c6 sinh ra chét xtc tac: Phan tng thiy phén este trong méi trudng axit

CH;COOC,Hs + H,0 —H"> CH;COOH + C,HsOH

Giai doan dau can thém axit dé xtc tdc nhung sau d6 nho a. acetic sinh ra lam xtic tac



2)

Phén g tu xuc tac v6i chat phan tng déng vai tro xuc tac: phan Gmg este hoa

CHsCOOH + CHsOH — CeHsCOOC,Hs + H,0

Chét xuc tac cho phan Gng nay 1 ion H' nhung & ddy moi chat du 13 axit nén né dong

thoi dong vai tro 1a chat xic tac.

I1.

)

2)

3)

4)

S)

Thuyét xiic tic dong thé cia Spitalski - Kodozeb
Nam 1926, Spitalski da dua ra thuyét xtic tic dong thé nhu sau:
Ton tai giai doan tao thanh HCTG giita chit xtc tac va chat phan tng
Vi du: Phan tng oxy héa H3PO; thanh a. H;PO,4 véi tac nhan oxy hoa 1a K,S,0g trén xtic
tac HI.
HiPO; + Ko$:05 + HoO  —2bs HPO, + KoSO4 + HySO4

Theo dbi qua trinh thdy xuét hién mau tim va khi qua trinh két thac thi mat mau

tim. Mau tim nay chinh la do sy hinh thanh HCTG 1,.
Ko$:05 + 2HI === L, + K804 + HaSO,
H;PO; + I, + HHO ——> H;PO4 + 2 HI
Qua trinh hinh thanh san pham trung gian 13 thuan nghich va xay ra v&i véan toc kha
nhanh vi khi éy c6 tac dung cua chét xtc tac, va van toc nay khong phu thudc vao ban
chat cia HCTG.
HCTG hoat dong kém bén s& phan huy twong dbi cham cho san pham phan ung va giai
phong chét xuc tac.
Vian tdc chung ctia qua trinh cha yéu phu thudc vao van téc phan huy HCTG :
ve=1 (Vphén huy HCTG)

Sy tao thanh HCTG 14 do su két hop giira phan tir chat phan Gmg hoic nhom hoat dong
ctia phan tir chat phan ing v&i nhom hoat dong ciia phén tir cht xtc téc.
Phan tng xuc tac tao nhiéu HCTG c6 do hoat dong khac nhau va sy phan huy cac HCTG
dién ra khac nhau.

Vi du: Phan trng phan huy H,O,



Xuc tac HCTG

Hop chat hoat dong | Hop chét it hoat dong

MoO4> MoOg> MoOg> MoOs>
d hoat dong trung binh
WO~ WOg™ WOs™

6) Phan ung xuc tac dong thé khi c6 madt ctia xuc tac s€ lam gidm nang lugng hoat hda cua
phan (g nén lam ting gia tri hang s6 van toc k va dan dén lam ting van toc phan ung &
cung dieu kién (so v6i khi khong c6 mat xuic tac)

Phan ng: AE
A+B-2>cC

k
A+X?;[AX] By [ABX] —> C+X

E,: ning lugng ctia hon hop A + B
E,: ning lugng ctia san pham C
Duong (1): phan ing khong xtc tac
(2): phan tng c6 xtc tac
AE;: nang lugng hoat hoa cho phan ung khong
xuc tac
AEj: nang lugng hoat hoa cho phan ing xuc tac
AE;= AE; (néu AE, > AE,)
AE, (néu AE, > AE;)

R
chiéu phan ung

Péi voi phan tmg khong xuc tac, phuong trinh Arrhenius c6 dang:
Kiye = z,. ¢ SE/RT

Pbi voi phan tng c¢6 xuc tac, phuong trinh Arrhenius c6 dang:
Ky, = z,. ¢ 2B RT

trong do: Ky , Ky : h.':?mg sb tdc do cua phan ung khong xtc tac va c6 xic tac

Néu 71 = 7, ta co:

kxt

kxt

— gAERT v6i AE = AE; - AE



Nang luong hoat hoa cia phan Ung c6 xUc tic gidm so voi phan ung khong xic tac
khoang 10000 cal/ mol hozc ¢ thé 16n hon.
Néu phan g xay ra & 300K thi khi thay gia tri bang s ta duoc:
GABRT _ 10000/ 1987.300 5 ) (8
Tic 1a phan Gmg xuc tac xay ra nhanh hon phan mg khong xuc tac hang tram triéu lan.
7) Mt vai vi du dé tinh phwong trinh dong hoc ciia phan tng
1/ Phan ung c6 dang:
nA XﬁC
Qua trinh phén tGng:

k
nA +X === Z HCTG Ms c + X
2

Tinh vén tdc chung ciia phan Ung ve: Vi v, chu yéu phu thudc vao phan tng phan huy

HCTG nén ta co:

Ve = k3- Cz (1)
trong d6 C,: ndng do cia HCTG duoc tinh thong qua hiang sd can bang cia phan tng tao
thanh HCTG la K
CZ CZ

K= n = n
CA . CX cin bang CA . (CX 0~ CZ) (2)

(Cx, : nong dd ban dau cua chat xuc tac )

Tu (2):
K. CAn. CXO - K. CAn. CZ = CZ
C, = K. CA". Cxo

2T KRG+
Tu (1): n
(D ok, KCa"Cro
K.Cy"+1
Xét 2 truong hop:

*1. K rit 16n: tirc 13 phan Gmg mau dat t6i cAn bang

Khi d6: K. C,">>1 = K.C," +1 =K. C,"



KCiC,

=v, =k
KC!

= k,.C,.

= Ve =f(Cxo)

Nhén xét: téc d6 phan tung chung khéng phy thudc ndng do chit phan Gtng ma chi phu
thudc ndng do ciia xlc tac trong trudng hop phan tng xay ra theo chiéu hinh thanh mot lugng
16n HCTG.

*2, K rit nhé: tirc 13 phan Gmg lau dat t6i can bang

Khid6: K. C,"<<1 =K. C,\" +1x~1

= V= k3. K. CAn. CXo

= Ve = f(CAs CXO)

Nhan xét: tc d6 phan tng chung khéng nhitng phu thudc ndng do chit phan Gtng ma con
phu thudc néng do cua xtc tac trong trudng hop phan ung xay ra theo chiéu hinh thanh it
HCTG.

2/ Phén tng trong méi truomng H':
k

nA +X + H === Z:HCTG Soc+x+H
2

Phuong trinh dong hoc cua phan ung:
Ve = kg. CZ

Hang s6 can bang cua giai doan hinh thanh HCTG:

CZ _ CZ
Ca™ Cx. Cus T CA" G (Cx o Cy)
K. CAn. CH+. CXO' K. CAn. CH+. CZ = CZ
K. C,". Cy. Cx,

K =

A O
_ . K.Ci" Cp.. Cxq
= Vemks R Gt 1
Xét 2 truong hop:

*1. K rit 16n: tirc 1a phan Gmg mau dat t6i cAn bang

Khi do: K. CAn. Cqyr>1 =K. CAn. Cyr 1 =K. CAn. Cys



K. Cs". Cy. Cxo
K. CA™ Cys

= Ve = k3 = kg. Cxo

= ve = f(Cxo)

Nhan xét: tde dd phan mg chung khong phu thudéc moi truong, khong phu thude n@)ng do
chat phan Gmg ma chi phu thudc ndng do ctia xuc tac trong truong hop phan tng xay ra theo
chiéu hinh thanh mét luong 16n HCTG.

*2, K rit nhé: tirc 13 phan Gmg lau dat téi can bang

Khi do: K. Cp". Cps <<1 = K. C,". Cps + 121
= ve = k3. K. C4". Cy. Cxo
= Ve = f(Ca. Cxo. Chs)

Nhan xét: tc do phan tng chung khong nhitng phu thudc néng do chat phan tmg, nong
d6 ctia chat xtic tic ma con phy thudc ndng d6 clia moi truong va méi trudng gitip phan ing xay
ra nhanh hon.

III. Phan ng xiic tac dong thé véi xiic tac axit - bazo

Xc téc axit - bazo thuong duge nghién ciru trong pha 1ong va chiém 90% xuc tac dong
thé.

Theo thuyét c6 dién vé xiic tic axit - bazo thi chat lam xitc tic hiéu Gmg duy nhat 1a
proton (H") va hydroxyl (OH"). Van tdc phan (mg phu thudc vao ndng do cta cac ion nay trong
moi truong phan ung.

Nhung hién nay c6 nhiéu loai phan tng khong c6 cac ion ndy nhung van tién hanh theo
co ché xuc tac axit - bazo. Nhu vay khai niém c6 dién vé axit - bazo khong du dé giai thich cac
qua trinh xuc tac loai nay.

Pé hiéu rd dugc co cu loai phan img nay can tim hiéu cac dinh nghia vé axit - bazo.

1/ Pinh nghia cb dién

Axit la chdt c¢é kha nang phdn ly cho proton va khi két hop véi bazo tao ra mudi va nudc.
S6 proton c6 kha nang phdn g xdc dinh sé chirc axit.
Bazo la chdt ¢6 kha nang phdn ly cho hydroxyl va khi két hop véi axit tao ra mudi va

nuoc. So ion OH co kha nang phan vung xac dinh so churec bazo.



Pinh nghia trén day rat han ché, no chi giai thich mot ) truong hop axit hoac bazo dién
phan manh.

2/ Pinh nghia Bronsted - Loiry

Axit la chat c6 kha ning cho proton H' va bazo la chdt ¢6 kha ndng nhdn proton do.

Vi du:
Axit Bazo
H;0" H,0
H,0 OH
CH;COOH CH;COO
NH," NH;
H,SO, HSO4
HSO4 SO4*
HPO,* PO,

Qua ddy nhan thdy mot chat c6 thé vira 13 axit vira 1a bazo.

Vi du nhu H,O: ddi v6i H;O" thi né 13 bazo nhung ddi vai OH thi nd 13 axit

Nhu vay trong qué trinh van chuyén proton bao gid ciing ton tai axit va bazo, ching lién
hé voi nhau thanh nhimg hé nhat dinh va goi 14 cip axit - bazo Bronsted - Loiry.

3/ Pinh nghia Lewis

Bazo la chdt cé cdp dién twr ty do co kha nang chuyén vao vong dién twr cua chat khac dé
tao thanh mét méi néi lién két. Con axit la chdt cé kha ndng nhdn cdp dién tir d6 vao vé dién tir
cia minh.

Khai niém axit - bazo tong quat cia Lewis da giai thich nhiing qua trinh thyc té khong
ton tai proton hoic hydroxyl song co ché phan tng thudc loai axit - bazo.

Vi du: H:N + BF; =—> F;BNH;

O day cap dién tir ty do cua Nito duge dem ra gop chung v6i BF; tao thanh lién két cho

nhén di¢n tir, Co ché phan ting nhu sau:
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Cap dién tu ty do nay co thé chay qua chay lai gitra N va B va goi la méi ndi cho nhan
dién tir, hay mdi ndi acepto - dono. Khi ting ning luong hoat hda mdi ndi ndy tré nén hoat dong
manh hon ban dau.

Nhu vay: BF; la chét axit, NH; la chit bazo.

Hién nay dinh nghia Lewis cling duoc 4p dung dé giai thich hién tuong xic tac trong xtic
tac dj the.

4/ Ban chat hoa hoc ciia phan &ng xic tac axit - bazo

Ta xét truong hop chit xuc tac 13 axit phan ly cho proton H', con xtc tic 1 bazo s& phan
ly cho ion OH".
H' va OH ¢6 truong tinh dién manh, thu hat cac chat phan Gng xung quanh va phan cuc

trai dau, lIam cho céac ion cua cac chat phan ung xich lai gan nhau va lam tang kha nang phan

R + 4

ung.

- + +
+

Nhu vay cac ion H” va OH™ déu c6 tic dung lam ting van tc phan tmg va truc tiép tham
gia vao phan tmg tao thanh cac HCTG.
Pé xét dong hoc cua phan ng ta twong trung: - luc axit 13 [H;0']
- luc bazo 1a [OH']
Vidu: S+ HA =—> SH + A
B6i vi mot chat axit bao gi0 cling c6 mdt s6 tinh chat bazo va nguoc lai mot chét bazo

bao gio cling co tinh axit.

Khi xuc tac thé hién tinh axit, ta co: vi= ks [S].[H;0]
Khi xuc tac thé hién tinh bazo, ta co: Vou= kon. .[S].[ OH-]
Bén canh d6 c6 nhiing phan g khong can xuc tic , ta co: Vo =Ko .[S]

11



Khi d6 véan téc chung cta qua trinh:
Ve = Vu+ T Vou- 1 Vo
=k [S].[H;0"] + k o .[S].[ OH-] + k, .[S]
=[S]. (ky: .[H;0"] + kon. .[OH-] + k) =k.[S]
voi k =kyy, [H;0'] + ko .[ OH-] tvl<_9 : con goi 1a hang s van toc chung
(1) (2) 3)
Goi cac thanh phan trén 1a (1), (2) va (3)

Phan tich tinh g¢in ding:

o Truong hop xiic tdc la axit manh: thanh phan (1) >> (2), (3) = c6 thé bo qua (2), (3)

Khi do: k =ky: . [H;0]
= log k = Ig ki, + 1g[H;07]

Néu axit cho sén, biét duoc: lg kg = const= A

= logk =A - pHpy

o Truong hop xiic tdc la bazo manh: thanh phan (2) >> (1), (3) = ¢6 thé bo qua (1), (3)

Khi do: k =kon. . [OH] (*)
Biét rang phan tmg phan ly : 2 H,O <> [H;0°] + [OHT] xay ra voi van toc nhanh nén

c6 hang sb can bang Kop.
[H;07]. [OH]

KD =

[H,0T° K
Vi[H,0]=1 = Kp= [H:0].[OH] =—> [OH‘1=ﬁ
3
Thay vao (*): k = kon- . L
[H;07]
= lgk=Igkon + lgKp - Ig[H;07]

DatB=Igkoy. + lgKp =const = |lgk=B + pHpy

Tom lai: sy phu thudc h.':?mg s6 tdc do bai do pH ctia moi truong dugc thé hién trén so dd
hinh 1.
< DOi v6i loai phan wng xic tic axit - bazo khong c6 ion proton va hydroxyl thi

phuwong trinh hang s0 van toc chung dwgc thay bz‘ing phuwong trinh chung hon:
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k=k0 + Zkl [AIH] + ij [BJ]

tirc 1a c6 mat nong do cua tat ca cac chat tham gia phan wng.

Hinh 1: Sy phu thudc Ig k béi pH gk
a_a’: xuc tac la axit Kk K
b b’ : xuc tac l1a bazo J
c ¢’: giaidoan 1: xuc tac la axit a '
giai doan 2:  xtc tac la bazo ¢ b
d d’: giaidoan 1: khong xtc tac € ¢
giai doan 2:  xtc tac la bazo d
e ¢ : giaidoan 1: xuc tac la axit h B
giai doan 2:  khong xtc tac
h h’: giaidoan 1: xuc tac 1a axit '
giai doan 2:  khong xtc tac
giai doan 3:  xuc tac la bazo a’
k k’: khong xuc tac b
pH

IV. Dong hoc ctia phin rng xuc tac axit - bazo

Nhi¢m vy ctuia dong hoc:

e Gia thiét mot co ché phan g

e Tu do6 tim ra phuong trinh dong hoc

Néu phuong trinh dong hoc phu hop vé6i thuc té thi co ché da gia thiét 1a co ché ding va
tir co ché nay tim ra xuc tac méi.

Néu phuong trinh dong hoc khong phu hop thi phai gia thiét mot co ché mai va tim
phuong trinh dong hoc khéc.

1/ Xuc tac la axit

Phan tmg: S +8 25 p 1 p,
Gia thiét co ché phan tng chia lam cac giai doan:
S, + AH X5 SH' + A (1)
SH' + S, o> P+ PH' @)
PH + A s P+ AH 3)
Hay la: P,H +H,0 X P, + H;0O (4)
H;0'+ A~ K5 HA + H,0 (5)
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Co ché phan tng 14 : (1), (2), 3)
hodc 1a : (1), (2), (4), (5)
Giai doan (3) va (4), (5) 1a nhitng giai doan hoan nguyén xtc tac theo hai co ché khac
nhau.
Van toc chung cta phan Gmg 13 van toc cta giai doan chim nhét.
Gia thiét cac truong hop sau:

o Truwong hop I: giai doan (1) cham, giai doan (2), (3) nhanh

Khi do: Ve=V1 = k] . [Sl][AH]
ve = f([AH])
Nhén xét: néu ting ndng d6 xuc tac thi ting van tbc phan tng

o Truwong hop II: giai doan (2) cham, giai doan (1), (3) nhanh

Khi do: Ve=vs=ks . [S:].[S:H]

Nho giai doan (1) nhanh nén ta c6 hang sé can bang cta giai doan (1) nhu sau:

P 758 | £ N NGy S S Y E7)

[, 1[4H ] A
Tim [A7]: tir diéu kién cAn bang giai doan proton héa xuc tac v6i dung méi (H,0) cia

axit. Ta co: AH + H,0 > A+ H0°

Hang s6 can bang K,:

o mo]la] —> ]« [4H]

© o an]

—>> [su]=2 —m—SlAH 21 [81[#,07]

0]
—> v~k s s o]

Nhan xét: v, ty I¢ véi lyc axit, néu muon tang van téc phan ung thi phai dung xuc tac co

luc axit manh

o Truwong hop Ill: giai doan (3) cham, giai doan (1), (2) nhanh
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Khi do: Ve =V3 = k3 . [P2H+][A-]

Nho giai doan (2) nhanh nén ta c6 hang sé can bang cua giai doan (2) nhu sau:

v A lR] S [po)-x, [s.2°][s,]

"o lsH LS, 7]
Thay [S;H'] & gia thiét II vao:
S, }[4H]

[S1H+]:K1Lm‘ % [P2H+]=K [SZ].KI.[SIMAH]

"1rR] 47|

S 3 A7)

7]
—> (")

Nhan xét: v, phu thudc néng do cua xuc tac axit va néng do san phém tao thanh, tuy

nhién sy c6 médt cua san pham lam gidm van téc phan ng.

e Truwong hop 1V: giai doan (4) cham, giai doan (1), (2) va (5) nhanh

Giai doan (5) khong cham vi 1a phan Gng trung hoa.
Khi do: Ve =Vy4 = k4 . [P2H+]
I e Bl
Thay [P,H ] ¢ gia thiét I11: [PzH ]: K H.T
1

Thay [S;H'] & gid thiét Il vao:  [S,H"]= %.[511[1130*]

a

% [PZH+]= K}-{Iju '[S1[1PE?2]'[H3O+]

v, =k,. kaK” . [Sl[gjqz].[H30+] — .=/ ([Hp% ]j

a

Nhan xét: v, phu thudc vao luc axit cua xtc tac axit va nong d0 san pham tao thanh, tuy
nhién sy c6 médt cua san phdm lam gidm van téc phan ng.

2/ Xuc tac la bazo:

Phan ung: SH+S, —Bs P +PH
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Gia thiét co ché phan mg chia lam céc giai doan:

SH+B ks S +BH' (1)
ST+ S, s p + Py 2)
P, +BH" &5 P,H + B 3)
Hay la: Py +H,0 —Ks PH + OH 4)
OH +BH" —X5 B + H,0 (5)

Co ché phan tmg 1a : (1), (2), (3)
hoac 1a : (1), (2), (4), (5)
Gia thiét cac truong hop sau:

e Truong hop I: giai doan (1) cham, giai doan (2), (3) nhanh

Khi do: Ve=V = k] . [SlH][B]
ve = f([B])
Nhan xét: néu ting ndng do xic tac bazo thi ting van téc phan ing

o Truwong hop Il: giai doan (2) cham, giai doan (1), (3) nhanh

Khi do: Ve=va=k; . [S:2].[Si]

Nho giai doan (1) nhanh nén ta c6 hiang sé can bang cta giai doan (1) nhu sau:
s, o] L. [sE]
K, =Lt -S> S~ |=kK,.
" [s,H][B] [ : ] " BH"]

Tim [BH']: tir diéu kién can bing giai doan proton hoa xtc tac véi dung moi (H,0) cia
bazo. Ta co6: + )
B + HLO «==> BH'+ OH

Hang s6 can bang:

K, =% —>>  [pu]-k,

= [ B Kl Jor |

for ]

—S v, =k2.1[§—;.[S1H][S2][OH‘] N v, = flor"))

5]
o]

16



Nhan xét: v, ty I¢ voi luc bazo, néu muon tdng van toc phan ung thi phai dung xtc tac cod

luc bazo manh

e Truwong hop Ill: giai doan (3) cham, giai doan (1), (2) nhanh

Khi d6: ve=v3=ks.[P,].[BH]
Nho giai doan (2) nhanh nén ta c6 hang sé can bang cua giai doan (2) nhu sau:

P |7 ] S, |I5,]

Sl > RS

Thay [S;,] & gi thiét II vao:
[s,#1[B]

| [s,] . [s.#][B]
Sl —> bl ek
—> B >

Nhan xét: v, phu thudc n6ng do cua xuc tac bazo va n6ng do san ph'flm tao thanh, tuy

s, ]=x,.

nhién sy c6 médt cua san pham lam gidm van toéc phan ng.

o Truwong hop 1V: giai doan (4) cham, giai doan (1), (2) va (5) nhanh

Giai doan (5) khong cham vi la phan tng trung hoa.

Khi do: Ve =Vyg4 = k4 . [Pz-]
Thay [Py] & gia thiét III: lp]=k,. IS—{]])%
1
T 4 \ K
Thay [S,] ¢ gia thiét II vao: [S ] KI [s, H}[OH ]

b

] KK,, [s.H][S,

—> [7]
S K K,,.[SHl o] => vczf[[OH)ﬁal])

K, = [A]

Lforr]

Nhén xét: v, phu thudc vao luc bazo ctia xtc tdc bazo va nong dd san pham tao thanh, tuy
nhién sy c6 mat san pham lam giam van té¢ phan ung.

V. Phan trng xtc tac axit - bazo trong moi truong khong nudéc
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Pay 1a trudng hop kha phd bién trong loai phan Gmg xuc tac axit - bazo, néu phan ng co
nudce thi san pham s& bi phan huy ngay. Vi du phan tng san xuit xuc tac BF; cho tong hop
polyme hay san xuit mét s6 hop chat ky nuéc khac.

a) Véi dung méi sinh ra proton, hydroxyl, su phan ly theo co ciu sau:

2HB S H,B" + B
Trong moi trudng ky nudc: H,B" goi la lion
B goi 1a liat
e MOoi trudng ky nudc ¢ thé 1a cic dung médi nhu amin, BTX (Benzen — Toluen — Xylen),
cloroform, ruou (bac 1, 2, 3), axit acetic... Trong cac dung mdi d6 thé hién tinh chét vira
theo nhiing quy tic chung cta xiic tac axit - bazo; vira c6 nhiing tinh chat riéng biét clia
céc ion lion H,B", liat B™.
e D6bi v6i nhiing phan tng trong cac dung moi nay thi c¢6 thé ap dung cac phuong trinh
dong hoc di tinh & trén, nhung can thiét phai thay:
0 Nong d6 [H;07] va [OH] bang ndng d6 lion va liat
0 Hoat tinh cua nuéc bang hoat tinh ctiia dung moi
0 Phuong trinh proton hoa véi nuéc thay bang phuwong trinh proton héa véi dung
moi
e Mot diéu chu y rﬁng luc axit trong cac dung moi khac nhau nhu nudc, rugu, amin, axit
acetic... thi gan bang nhau. Vi vay dé thé hién luc axit c6 thé dung cac sb liéu do trong
moi truong nudc.

b) Véi dung mdi khdng sinh ra proton, hydroxyl thi phic tap hon, phuong trinh dong hoc

phai tinh toan khac:
S, +5, 25 p 4 p,
Phan ung:
Gia thiét co ché phan ung:
S + AH —N> SH' + A (1)
+ ks, +
SlH + Sz o P1 + PQH (2)
PH' + A 5> P, + AH (3)

Gia thiét cac trudong hop sau:
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Truwong hop 1: giai doan (1) cham, giai doan (2), (3) nhanh
Khi do: Vo=V = k] . [Sl][AH]
ve = f([AH])

Nhén xét: néu ting ndng d6 xuc tac thi ting van tdc phan tng

Truong hop 11: giai doan (2) cham, giai doan (1), (3) nhanh

Khi do: ve=va=ky.[S,].[S1H]
Nho giai doan (1) nhanh nén ta c6 hang s6 can bang cua giai doan (1) nhu sau:

_s]la]

&= s 10w

Tim [A7]:
* Pau tién ¢ thoi diém t = 0: phan ing chwaxayra  [A]=0

{Nguoc lai trong moi truong nude, cho du phan img chua xdy ra, axit luon tac dung véi

moi truong theo phan Uing:

AH + H;O = A+ H3OJr nén [A-]tzoi()}
*Othoidiémt=1,2,3... [A]=[S;H']

—> 5,17 )= /&, [5,][4H]
=P Ve = kz-KJOﬂS'[Sl ]0’5~[S2 1[AH]0’5 —>» Ve = f([AH])

Nhén xét: v, phu thudc ndng do6 cta xtc tic axit nhung theo lity thira 0,5 nén nong d6 cua

xuc tac khong anh hudng nhiéu dén v, nhu trong moi trudng nudce.

Truwong hop IlI: giai doan (3) cham, giai doan (1), (2) nhanh

Khi do: ve=vs=k;. [PH'][A]

Nho giai doan (2) nhanh nén ta c6 hang sé can bang cta giai doan (2) nhu sau:

K = HH' [Pl] —P [PZH+]=K”.[S1H+][S2]

"t s s, 7]

Thay [S;H'] & gia thiét Il vao:  [s,777|=[4"]= K, 5, T[4H]
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— , - k3,K,.K,,.[SI][SQ][T;THf] —> .- f([A% ])

Nhéan xét: v, phu thudéc nong do cua xuc tac axit va nong dd san pham tao thanh, tuy
nhién sy c6 mdt cia san pham lam gidm van téc phan ung.
VI. Phan irng xuc tac axit - bazo voi axit Lewis

1/ Quan diém cua Lewis:

Theo Lewis, axit - bazo c6 nhitng tinh chat sau:

1. Axit Lewis cling bi trung hoa nhung c6 chon loc tirc khi 1a mét cap axit - bazo nhat
dinh.
Vidu: 1/ HO'+ :OH —» H,0 + H:OH

2/ H H
+
H:O0" + :N:H —> H,0 + H:N:H: day la nguyén to H linh dong
H H >

- phan mg (1): trung hoa proton bang cdp dién tir khong tach ciia Oxy

- phan tmg (2): trung hoa proton bang cip dién tir khong tach cua Nito

Tuy nhién cip dién t khong tach ngoai kha ning tac dung véi proton con cé thé tac dung
V&1 cac phan tir khac.

Vi du: cap dién tir khong tach ctia amin c6 thé tac dung v6i phan tir khong chira Hydro

nhu phan tu BF;.
R F R F
R:N: + B:F > R:N:B:F
R F R F

Nhu vay céc chét ¢ cap dién tr ty do khong tach c6 kha ndng tdc dung véi mot axit, ta
c6 thé xem chat d6 1a mot bazo.
2. Axit Lewis c6 thé tach ra thanh axit va bazo yéu

3. Axit Lewis c6 thé 1am xtic tic cho nhimg phan tmg ma trudc day dung axit Bronsted va
hoat tinh cua axit Lewis twong duong hoat tinh cua axit Bronsted; nguoc lai o chon loc

cua axit Lewis 16n hon d¢ chon loc cua axit Bronsted.

Cac loai xuc tac Lewis hay gap: AlICl; , BF;, AlBr; , BCl;, SnCly , ZnCl, , AL,Os...
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4. Luyc axit Lewis ciing c6 thé nhan biét biang chit chi thi mau theo mirc d6 ion hoa bing
bazo (kém theo nhiét d6 khoang 100°C).

5. Qua trinh trung hoa bang axit Bronsted thi khéng doi hoi nang lwong ma con toa ra mot
nang luong ma khong phu thudc méi truong. Trai lai, qué trinh trung hoa axit Lewis
can mot nang luong nhoé phu thudc vao moéi trudong tic 1a phu thudc chat cap doi voi no.

6. Trong moi truong nudce, axit Lewis két hop v6i nude cho proton:

Cl -

AICl; + HbO __ |CI-Al-OH| + H'
Cl

Vi du:

Két qua tao ra axit proton c6 tinh axit manh hon so véi hop chét axit khéc.

2/ Mot so co ché cia phan wng voi xuc tac axit Lewis:

Tiéu biéu 1a cac phan ung Friedel - Crafts: tirc 13 cic phan tng alkyl héa hay axyl hoa
vong thom (két hop gdc — CO — tao thanh RCO) ¢6 mit xuc tac AlCl;.
Xét phan ung alkyl hoa:

e Alkyl héa vong thom bing hop chit c6 chira halogen RX (X: halogen)

Co ché nhu sau:

:Cl: :Cl: :Cl: |-
R:X: +Al:Cl: Z—=R:X:Al:Cl: Zz== R +|X:Al:Cl:
:Cl: :Cl: :Cl:

(tic 1aR" + X :AICl)

Ton cacboni R tao thanh s& két hop v6i vong thom:

+
R

R* + © AlCl; @ H

Giai doan cudi cung xtic tic duge hoan nguyén:
R + : Cl: - R
L + | XPALCH == O/ + HX + AICl;
H : Cl:

Hop chat trung gian hoat dong trong truong hop nay 14 ion cacboni R
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Hién nay phuong phép alkyl héa nay khong dung vi diéu ché tic nhan RX phuc tap, dat
ma dung phuong phép alkyl hoa vong thom bang olefin.

e Alkyl hda vong thom bang olefin:

R
o+ () a0,

Co ché nhu sau:

H H
III :Cl: I H
A
C-R +Al1-Cl: —» C-R + —> -R
| :Cl: I © @&ﬁ
H-C -C ... AlCl; CH; - AICI3
I I
H H
i
dich chuyén hydro @ (lj -R + AICL
CH3

Ngoai AICI; 1am xuc tac cho cac phan tng d6, ching ta con thay cac xuc tac khéc 1a cac

hop chat halogen cua Br, Fe, Zn, Ti, Sn...
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CHUONG II: PHAN UNG XUC TAC DI THE
I. Khai niém

1/ Thé nao 1a phan #ng xuc tac di thé:

Phan tmg xtc tac di thé 1a phan tng ma trong d6 chat xtc tic va chat phan Gmg 13 hai pha
khac nhau, va phan (mg xay ra trén bé mat phan chia giira 2 pha.

C6 thé chia thanh cac phan tmg xuc tac di thé sau:

Chit phin iing Chit xiic tac
long - 16ng ran
long - khi ran
khi - khi ran *
khi - khi long
long - long khi

Hién nay trong k¥ thuit cling nhu trong phong thi nghiém ta thuong gip chit phan tng 1a
khi va chat xtic tic 1a ran {phan tng (*)}.
Vi du: phan tng tong hop Vinyl clorua (VCM)
C,H, + HCI H_g‘:?biLCHz ~ CHCI

% VAR
khi khi ran khi

<____

2/ Tai sao chuyén tir dong thé sang di thé: c6 3 1y do chinh

e Qua trinh dong thé tién hanh khéng lién tuc nén ning suét thiét bi kém
Qua trinh dj thé tién hanh phan Gng lién tuc, ning suat thiét bi cao hon hin, d& dang tu
dong hoa.

e Qua trinh di thé thu hdi xtc tac d& hon nhiéu so v&i qua trinh dong thé

e Ning luong hoat héa cho qua trinh di thé bé hon ning lugng hoat hoéa cho qua trinh dong

thé, do d6 van toc phan ung di thé nhanh hon.
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Nang luong hoat hda dugc tinh theo phuong trinh Arrhenius sau:

Pong thé:
Di thé:

k1=A.e

-E1/RT

k, = A, g E2RT

Bang duéi ddy so sanh ning luong hoat hoa ciia phan tng di thé (Egj mé) vO1 nang luong

hoat hoa ciing cua phan ung do tién hanh trong moi trudng déng thé (Edéng )

Phan l:l’l’lg Edéng thé Xuc tac Edi thé AE = EDT - EDT CAE/RT
(kcal/mol) (kcal/mol) (T=600K)
44 Pt 14 30 8,8.10"
2 HI » Hz + 12 6
44 Au 25 19 8,4 .10
58,5 Au 29 29,5 5,9.10°
2 N,0 = 2N, + O, 5
58,5 Pt 32,5 26 2,1.10
78 W 39 39 1,6 .10
2 NH; - 3H, + N, 78 Mo 42 36 1,3.10°
78 Os 47 31 1,9.10"
60 Pt 15 45 2,6.10"
2S0, +0; = 2 S0; 10
60 Pd 32 28 1,6 .10

Nhdn xét: Qua bdang nhdn thdy rang mdc dii cdc chat xiic tdc khdc nhau thé hién nhiing

tinh chat ddc trumg va ndng lirong hoat héa ciia mét phan iing la khdc nhau trén nhitng chat xiic

tc khdc nhau, nhung trong moi trwong hop nang leong hoat héa giam di rdt manh trong qud

trinh di thé so véi qud trinh dong thé.

3/ Cach phan chia cac giai doan phan wng xuc tac di thé:

Boi vi qué trinh xtc tac di thé 1a qua trinh tién hanh ¢ cac pha khic nhau nén phic tap,

phai xét dén nhi€u van toc khac nhau (van téc phan Uung chinh, van téc khuéch tan trong va

ngoai... ). Pé xét qua trinh duwoc don gian ta phan chia ra cic giai doan khac nhau trong phan

g xtc tac di thé.

a) Phan chia theo giai doan

Cach 1: Chia lam 3 giai doan

I

-

bé mat xic tac
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Giai doan I : chét phan tmg khuéch tan dén bé mat xuc tac
Giai doan II : hép phu Iy hoc va hoa hoc
Giai doan III : khuéch tan thanh phdm ra moi trudng

(cach phén chia nay khong rd rang 1im)

Cach 2: Chia lam 5 giai doan

=~ b€ mat xuc tac

I: khoang hap phu vat 1y, c6 thé tinh bang dudng kinh phén tir ctia chat phan tng nhin

vO1 hé sO n

tac)

Giai doan I : chét phan Gmg khuéch tan dén bé mit xuc tac
Giai doan II : hép phu 1y hoc trén bé mit xtc tac

Giai doan III : phan ing x4y ra

Giai doan IV : nha hap phu san pham

Giai doan V : khuéch tan san pham ra méi trudng

Cach 3: Chia lam 7 giai doan (cach chia nay c6 xét dén dén y€u tO0 mao quan cia xuic

Bé mit xuc tac c6 cac mao quan sé lam dién tich bé mat ting 1én dang ké.
Vi du: Than hoat tinh: Shgoai = 2 m?/ g
Strong = 1200 m*/g
Zeolit: Strong = 800 + 1200 m*/g

I : khuéch tan co chit ngoai mao quan

II : khuéch tan co chat trong mao quan
I1I : hap phu 1én xuc tac
IV : qua trinh phan ing xay ra

4

V : nha hap phu san pham
VI : khuéch tan san phdm trong mao quan
VII: khuéch tan san phim ngoai mao quan
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b) Phan chia theo 16p: chia thanh 5 16p

16p khuéch tan
16p qua do
16p nguvén tir hoat dong chat phan ing

y L “ R, 7 bé mat xc tac
16p nguyén tur hoat dong chat xuc tac

16p chat mang

Loai xuc tac trén chit mang duoc dung véi nhirng xuc tac kim loai qui hiém Au, Pt, Ag...
Chat mang co thé 1a than hoat tinh, Al,Os, zeolit...

¢) Phén chia theo vung: chia thanh 3 ving

- ving khuéch tan
- vung dong hoc
- vung qua do
* cdch phan chia nay nham dé xdc dinh phwong trinh déng hoc
II. Pong hoc chung ciia phin ng xtc tic di thé
Toc do phan trng phu thudc vao tdc d6 cham nhit cua mot trong nhirng qua trinh trén.
Boi vi thong thudng can bang hdp phu thiét 1ap rat nhanh, nghia 14 toc d6 hdp phu nhanh hon
van tbc dong hoc va van téc khuéch tan nén thudng chi chi ¥ phan biét hai mién dong hoc va
khuéch tan.

1/ Téc dd vang dong hoc:

Phan tng xay ra & vung dong hoc khi ma van téc dong hoc cta phan Gmg nhé hon rat
nhiéu so véi van tée khuéch tan:
Vdéng hoc << Vkhuéch tan
Khi d6 van tdc chung cua phan Ung : Ve & Vdong hoc
(tte 1a khong phu thudc véan toc khuéch tan)
Pé lam tang van tdc phan ng thi phai 1am ting van téc dong hoc dén khi nao:
Vaong hoec ¥ Vkhuéch tan

Céc phuong phap 1am ting van téc dong hoc:
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Tang thoi gian tiép xuc gitra chat phan Gmg va xtc tac , tao diéu kién cho phan tung xay ra
day du: bang cach ting chiéu cao 16p xuc tac hodc giam van téc dong. (théng thuong
khong dung bién phap giam van tc dong vi s& lam giam ning suat thiét bi)

Ting hoat tinh ctia xtc tac : bang cach dung xuc tac méi hodc ding thém chét kich dong
Tang d6 phan tan va do x6p ctia xuc tac

Chon nhiét do thich hop cho phan tng

Pé tang chiéu cao 16p xuc tac trong thyc té thudng dung cac thiét bi phan tmg sau:

chit phan tmg chit phan ting

v

san pham

Vsan pham
2/ Toc dd vung khuéch tan:

Phan trng xay ra ¢ vung khuéch tan khi ma van toc khuéch tan cua phan ting nho hon rat

nhiéu so vdi van toc dong hoc:

Vikhuéch tan << Vdéng hoc
Khi d6 van tde chung cua phan Ung : Ve & Vihuéeh tén
(ttre 1a khong phu thude van tée dong hoc)
Dé lam tang vén tdc phan tng thi phai 1am ting van téc khuéch tan dén khi nao:
Vkhuéch tan = Vd(mg hoc
Cac phuong phap lam tang van tdc khuéch tan:
Giam thoi gian tiép xuc gitra chét phan trng va x1c tac b.':?mg cach gidm chiéu cao 16p xtc
tac hodc ting van toc dong.
Tang muc do khqu tron hodc tang s6 1an tudn hoan
Tang nhiét do qua trinh
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Pé tang toc d6 khudy tron trong thyuc té thudng dung céc thiét bi phan tng sau:
\lﬁhé ¢ phén fmg /]\khm 4\san pham

ciclusi . |00 s

x01c tho thiét bi -}-1-1 1 Ty thideb
tai sinh [.{. c1| phan
: img
\lfsén pham
Muc dich str dung thi€t bi: tang van
A A , M ’ .9 Nt / ] - -

tqc kh.lgech’tan bang cach giam thoi 2o N T
glan tiep xuc. tac da tai sinh g ﬂéu dua di tai
Ung dung: ' sinh

* san xuat NH; ,
Muc dich st dung thiét bi: tdng van

Fe z X N , ~
N+ 3H, =5 2NH; toc khuéch tan bang cach tang mirc do

* oxy hoa metanol tong hop khudy tron ‘
formaldehyd Ung dung: thiet bi xuc tic tang soi

dung trong qua trinh cracking xuc tac

A%
CH,OH +172 0, HCHO + H,0 san xuat xang c¢0 tri s0 octan cao

3/ Van tbc viing qua do

Phan ing xdy ra & vung qua do khi ma van téc phan tng khong phu thudc van toc khuéch
tan hay van téc dong hoc.
Khi d6 van toc chung cia phan ung : Ve & Vihuéeh tan ¥ Vdong hoc

4/ Biéu dién dd thi Arrhenius

Trong phan tng xuc tac di thé nhiét ¢ anh huéng kha nhiéu dén ving phan Gng. Van tbc
khuéch tan va van tdc dong hoc bi anh hudéng khac nhau.
e Vin toc khuéch tan ting chim khi ting nhiét do
e Van téc dong hoc ting nhanh khi ting nhiét dj
Thuc nghiém chimg to rang:
Khi ting nhiét do 1én 10°C: - vén tdc dong hoc ting 1én 2 + 3 lan
- van téc khuéch tan ting 1én 1 +1,5 lan
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Giai thich: D6 1a vi nang lugng hoat hoa cho qué trinh dong hoc 16n hon cho qué trinh
khuéch tan, cho nén anh hudng cia nhiét do dén van tbc qua trinh dong hoc manh hon.
Két luén:
o ¢ ving nhigt dé cao giai doan chidm nhit la giai doan khuéch tin va nhw viy phdin
ikng xdy ra trong viing khuéch tin.
e ¢ vung nhiét do thip giai dogn chdm nhit la giai dogn dong hoc va nhw vdy phdan irng
xdy ra trong vung dong hoc.
Biéu dién vén tc phan ung bién d6i qua cac ving theo su thay d6i nhiét d6 qua phuong
trinh hang s6 van toc ctia Arenius nhu sau:

k=A  ERT

I: ving dong hoc
II: ving qua do lgk
III: ving khuéch tan

e Duong (1): doi voi xac tac co do xop
cao, van toc phu thudc rat 16n vao nhiét
dd, nhat 1a van toc dong hoc va
E =23Rtga

e Duong (2): d61 vdi xuc tac co6 d§ xop
bé, it mao quan nhu xuc tac kim loai,
c6 giai doan qua do rat nhé nén duong
biéu dién chi con lai 2 duong.

0 /T

5/ Pong hoc cua cac vung

5.1/ Phuwong trinh van téc khuéch tan

Pinh luit Fick: Mot luong chat rat nho dq khuéch tan qua bé mit o trong thoi gian dt va

vOo1 mot chénh Iéch néng do gradC thi:

dq=-D. c. GradC. dt

, AL A s A (G
trong do: D: hé s0 khuéch tan
gradC = % G =G g Cs 0
B (C)

-
bé mat xic tac
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CS

=dq = D.a.%CX.dt

Véi:  C,: ndng d6 chat phan tng trong mdi truong
C,: ndng do chit phan tng trén bé mit xuc tac
d : khoang cach gitra C, va C;

Goi  V: thé tich ctia h¢

= dC :@:E_ﬁ_dt
|14 V o

Phuong trinh van téc khuéch tan:

y - d4C_ Do C-Cy
. dt |2

bat: l;—'; =L héng sb van tdc khuéch tan
Suy ra: v, = B(Cy = Cs)

5.2/ Phwong trinh van téc dong hoc

Phuong trinh van tde dong hoc:
van = k. C{"
Trong do: k: héng s6 van tdc dong hoc
C,: ndng do chit phan tng trén bé mit xic tac
n: bac phan tng
Pé don gian thuong lay n = 1, khi d6:
van = k. Cq

5.3/ Dong hoc mién qua do

O mién qua do, ta co: Vit & Vdn
= B(Cy — C) =kCq
= Cyk+P)=pCs

= Cs=kﬁﬂ-CX
_+_
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Vi van toc chung cua phan ing : v, = Vi & Vg,

= V= Vgh = sz

= V.= kp C,
k+p
= ve = k.Cy
trong do ke: hang s6 van téc chung

Xét 2 truong hop sau:

e Néuk >>B: phan ing nam trong ving khuéch tan

., B B
Khi & C.= C,~=C
rdo S k+p Y kT
= kC; = BCy

Vik>>p = C;<<C, = AC=C,-C,>> (rit1on)

A (C)
Chung to nong do chat phan tng trén

bé mit xtc tac rat bé, chi yéunam ¢

vung khuéch tan va vén toc chung Vi 1at chim

phu thudc vao van tdc khuéch tan. B (Cy)
o
bé mat x1c tac
Vivay: k. = kB k"B =p
k + ﬂ k

= hang s6 van toc chung = hang s6 khuéch tan

e Néuk <<B: phan trng ndm trong ving dong hoc

Khido:  C, = kfﬂ C, z%cx _c,
—  AC=C,-C,~0
Vékc—k'B kB =k

B B

= héng ) van tde chung = h:;ing $6 van tbe dong hoc
III. Chét kich dong xiic taic  (hay con goi 1a chat trg xtc tac )
1/ Khai niém:




Chat kich dong 1a chat ma ban than n6 khong c6 tac dung xuc tac , khong lam ting toc do
phan g, nhung nho ¢6 ndé ma chat xic tac c¢6 thé phat huy t6i da kha nang xuc tac ciia minh.

2/ Tac dung cia chat kich dong:

1) Ban than chét kich dong khong tac dung voi xtic tic hodc tic dung rat it

2) Khi cho vao mot lugng rat nho chat kich dong c6 thé 1am ting hoat tinh xtc tac 1én
hang trdm 14n tham chi hang ngan 1an.
Vi dul: Khi thém 0,5% CeO, vdo xiic tic Ni cho qud trinh hydro héa thi vin toc ting
10 lan. Cr 1130 nguyén tir Ni chi can 1 phan tir CeO..

3) Luong chit kich dong tdi uu cho mdi xuc tac khac nhau thi khac nhau
Vidu 2: Xét phan vng oxy hoa CsH,;g thanh CO, va H,O; xuc tac la V,0s; chat kich
dong la NaOH. A

Trén hinh 13 sy thay d6i hoat tinh xuc tac khi
cho thém NaOH vao V,0s5 & 2 muc nhiét do

230°C va 170°C. Nhan thiy ring khi thém i T=230°C
NaOH thi hoat tinh xtc téc tdng Ién rat i T = 170°C
nhanh va lugng t6i uu cia NaOH la 1% i
khong thay doi theo nhiét do I

s o 1% [NaOH]

Vidu 3 Xeét phan ung hydro hoa aldehyd trén xuc tac la Ni: khi cho thém 0,01% FeCl;
thi hoat tinh ciia Ni ting 1én nhiéu lan va 1ém hon lwong nay thi hoat tinh ciia Ni gidm.
4) Chét kich dong lam giam diéu kién khac nghiét ciia phan tmg
Vi du 4: phdn img san xudt khi tong hop (CO + H,)
Véi xuc tac 1a Fe;0y4: ap suat 1am viée ¢ 150 + 200 at
Véi xtc tac 13 Fe;04 + Cr,05 @ ap sudt 1am viée ¢ 35 at
5) Chat kich dong 1am ting d6 bén cia xtic tac
o Ting dj bén co hoc: véi nhitng xiic tdc lam viéc trong méi truong tang séi hodc trong
moi truong ma chat phan ung va chat xic tac di nguoc chiéu nhau thi can phdi c6 d¢
bén co hoc cao néu khong sé bi hoa bui hodac bi cuon theo dong khi
o Tang do bén nhiét: khi xic tac lam viéc trong moi truong nhiét do cao hodac khi phan

ung toa nhiét lon sé xay ra hién tuwong gradient nhiét do dé lam xic tac bi hong. Néu

32



xiic tac khéng bén nhiét ¢é khi lam thay doi ca ban chat xiic tdc, xiic tde dé bi nong cuc
b ddn dén bi von cuc (tirc cdc phan tir nhé két hop véi nhau thanh nhitng phan tir 16m),
bé mdt xiic tac gidm dan dén hoat tinh xiic tdc giam. Viéc thém chat kich déng sé ngan
can qud trinh thiéu két, gip kéo dai tudi tho ciia bé mat tiép xiic.

Vidu 5: ZnO la mét xiic tac vé dinh hinh cé6 hoat tinh kha lon nhung ¢ 600°C thi ZnO
tré thanh két tinh va hoat tinh xic tdc mat han. Néu thém Cr,O; thi xiic tdc (ZnO +
Cr,03) vin ¢ dang vé dinh hinh

o Tang do bén héa hoc, giam ngo doc xuc tac

3/ Phan loai chét kich dong :

Theo quan diém méi hién nay, ngudi ta phan loai chat kich dong theo 3 chirc ning sau:

1) Chit kich dong hinh hoc (Textural promoter): c¢é vai trd can tré su ting kich thude cua
céc tiéu phan xuc tac trong qué trinh sir dung
Vi du: Al,O5 trong xtic tac Fe cho phan tmg tong hop NH;

AL Oj; trong xtc tac cho qué trinh reforming Pt/Al,O;

2) Chaét kich dong dién tir hodc cAu tric (Electronic or structural promoter): la chét c6 thé
di vao mang cau triic cua pha hoat dong xuc tac va lam thay ddi dic trung dién tir ciia
no.

Vi du: K,O trong xuc tac Fe tong hop NH;

3) Chat kich dong chéng ngd doc (Poison — resistant promoter): 1a chit bao vé pha hoat

dong xuc tac khoi bi ngd doc vi tap chit hodc vi san phém phu.

Vidu: Re lam giam su tao cde trén bé mat xuc tac Pt/ALLO;

Nhu vay, mot xuc tac co thé gém mot pha hoat dong xtic tdc va mot hay vai chét kich
dong, chiang han nhu xtc tac cho qua trinh reforming xuc tac trong dé:

- Pt: chat hoat dong x1c tac

- Re: chét kich dong chéng ngd doc

- AL,O;: chét kich dong hinh hoc

4/ Mot s6 quan diém giii thich hién twong chit kich dong :
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9]

2)

3)

4)

S)

Chét kich dong khi cho vao xtc tac s& két hop vé6i trung tdm hoat dong cii va cho mot
trung tdm hoat dong mdi c6 hoat tinh cao hon, tao diéu kién thuan loi hon cho viéc hinh
thanh va phan huy HCTG. Do d6 1am ting van tdc phan tng. Luong chit kich dong nho
va toi wu (nho vi thé gidi da cong nhan s6 trung tdm hoat dong nho va chi bang 107,
tire 14 ¢6 1 trung tm hoat dong thi s& c6 10* trung tim khong hoat dong)

Chét kich dong cho vao s& 1am ting tbc d6 cua giai doan cham nhit cta qua trinh, co
thé lam tang van tde hép phu chét nay, lam giam van tbe hép phu chét kia, tao diéu kién
cho phan trng chinh xay ra.

Vi du: phan tng téng hop NHj: N, + 3H, = 2 NH;

Xuc tac 1a Fe, néu duge cho thém chat kich dong K,O thi hoat tinh tang 1én nhiéu
lan. Piéu nay dugc giai thich rﬁng khi ¢6 mat K,O thi van tbe hép phu H, duoc tang 1én
trong d6 van toc ctia N, giam xudng vira phai dé phan Gng xdy ra thuan loi.

Chét kich dong 1am thay d6i cau tric xtc tac lam cho mang ludi tinh thé trén bé mit
xuc tac linh dong han 1én, hoat dong hon.

C6 2 loai chit kich dong: chat kich dong dién tir va chat kich dong 16 khuyét

Chat kich dong dién tir 1a chat kich dong thira

dién tu, co it a1 luc dién tir hon so vo1 xuc tac; khi
do dién tir tw do cua chét kich dong s& nhuong %*4;
cho xuc tac, lam khudy dong mang lui tinh thé

cua xuc tac, lam xuc tac linh dong hén 1én, hoat

dong hon.
Chat kich dong 16 khuyét 1a chat kich dong thiéu
dién tir nén co6 a1 luc dién tir I1on hon so véi xuc

Vi du: mang luéi tinh thé cua Al,O;

: cau oxy

tac, s€ lay dién tir cua xuc tac lam bé mat xuc tac LAl

linh dong hon, xtic tac tré nén hoat dong hon.

Chét kich dong cho vao lam thay d6i khoang cach cta nguyén tir xac tac cho phu hop
v6i yéu tb tuong duong hinh hoc

Chét kich dong 1a chat khi: Chat khi dua vao tao mang khi bao phu trén bé mat xuc tac
va tao trung tdm hoat dong trén bé mat, khi tr& thanh phan cuc lam cho xuc tac hoat

dong hon.
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IV. Chiat ddc xiic tac

1/ Khai niém:

Chat doc xuc tac 1a chit khi cho vao mot lugng rat nho thi hoat tinh x{c tac giam manh
dén do khong dung duoc trong san xuat.
Mot s6 chat doc thudng gap:
e (Cac Halogen ty do: Cl,, I, , Br; ...
e Thuy ngan va mudi Hg: HgCl, , Hg(CN), ...
e HCN, CO ...
e Céc hop chét c6 nhiéu hoa tri: do hoa tri dé thay ddi nén xuc tac cho nhimng phan ung
khong mong mudn tirc 13 1am ngd doc xuc tac
- Cac hop chét cua S: H,S (S?) ; H,SO4 (S™) ...
- Cac hop chét cua P: H;P (P7) ; H;PO, (PP) ...
- Cac hop chét ciia N: NH; (N™); tiofen (N*%)
- Cac hop chét cua Fe: Fe® ; Fe™ ; Fe™ ...
e Hop chit cuia Asen: c6 so dién tir tu do 16n, doc cho tat ca céac xtc tac va ké ca nguoi.
e Cac kim loai nang

2/ Cac hién twong ngo doc:

1) Ngo doc do chinh badn thén xtc tdc mang vao

Co 2 loai xtc tac: xtic tac thién nhién va xuc tac tong hop

o Xic tdc thién nhién: nghién ctru tong hop cao su nhan tao Butadien 1,3 tir ruou

C,HsOH véi xtic tac 1a dat sét aluminosilicat vo dinh hinh

2C,HsOH ~- CH,=CH-CH=CH,
Néu trong Aluminosilicat v dinh hinh c6 chira Fe thi hi¢u suat Butadien giam dang ké.
Piéu d6 ching t6 Fe 1a chat doc ciia xtic tac aluminosilicat v dinh hinh.

e Xiic tdc tong hop: trong qua trinh diéu ché xuc tac, néu dé két tia nhanh qua thi s& kéo

theo céc chat la, lam ngd doc xtc tac

2) Ngb doc do chit phan ing mang vio
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Khi chit phan (mg chira cac tap chit nhu cac hop chét sulfur, photphua, asenua...thi
xuc tac s& hip phu cac chat doc nay trudce 1am cho chét phan tng khong thé tiép xuc duoc voi bé
mit xdc tac. Va sy hap phu nay c6 thé 14 thuin nghich hoic khong thuan nghich.

Vi du: xtic tac Pt bi ngd doc bai CO va CS,, nhung khi thoi ludng khi phan ing hoan toan
sach CO va CS, thi hoat tinh xuc tdc dugc khoi phuc vi xtc tdc da dugc hoan nguyén. Nhung
khi xuc tac Pt bi ngd ddc boi H,S va H;P thi hoat tinh ctia Pt khong thé hoan nguyén mot cach
dé dang nhu vay. Mudn tai sinh nd can c6 chat oxy hda manh va nhiét do cao.

Vi du: Piéu ché NH; tir N, va H, trén xtic tic Fe & ap suat 300at, 450°C

Néu trong hdn hop phan tng c¢6 0,5%0, hodc CO thi hoat tinh ctua Fe s& giam di rat
nhiéu 1an. Hoan nguyén Fe bang cach thoi hon hop N, + H, sach di qua Fe thi O, s& phan tng
v6i H, tao thanh H,O tich ra khoi bé mit ctia Fe va chat xtc tac lai bat dau lam viéc nhu lac
chua bi nhiém doc

Nhung néu c6 cac hop chat Sulfur hip phu 1én bé mit Fe thi hoat tinh cta Fe giam va khi
xtr Iy bang hdn hop N, + H, thi xtic tac khong trd lai trang thai ban dau.

3) Ngb doc do cac chét sinh ra trong qué trinh phan ng

Chinh 1a ng¢ doc do sy hinh thanh tGi Cacbon hodc do sy hinh thanh cde.

Hién tuong hinh thanh tai cacbon thuong xay ra do cdc phan ung cracking parafin tao
thanh luwong cacbon rat 16n va s& két hop tao ra tai cacbon bit 16 mao quan xuc tac dong thoi lam
cho cac phan tir xtic tac bi phu mot 16p 4o cacbon va khi phan 16n bé mit xuc tac bi cac hop chit
hiru co d6 che kin thi hoat tinh chét xuc tac giam.

Tuong tu nhu vay, cdc hinh thanh 1a do su ngung tu cua cac hop chét da vong va lam bit
cac 16 mao quan cta xuc tac.

Pé phuc hoi hoat tinh xtc tac thuong dung bién phap thdi hoi nuéc hoidc khong khi &
nhiét do cao dé dot chay cde, cacbon 1am sach bé mit xuc tac .

C+HO = CO+H
C+ 0O, = CO,

H-C + 02 = C02 =+ HQO
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Bién phap nay dé thyc hién nén thuong bd tri thiét bj phan ing va thiét bi tai sinh xtc tac
gﬁn nhau, lam viéc lién tuc.

4) Ng6 doc co loi

Poi khi nguoi ta ding hién tuong ngd doc xuc tac dé ting tinh chon loc xuc tac. Hién
tuong nay goi la ngd doc co loi.

Vi du: phan tng hydro héa C¢HsCOCI trong dung dich benzen trén xtc tac 1a Pt dé tong
hop benzaldehyd C¢HsCHO. Qua trinh xay ra nhiéu phan tng ndi tiép tao nhiéu san pham phu.

H H H
CeHsCOCl — CHsCHO — CgHsCH,OH — C¢HsCH;
Benzoyl chloride Benzyl alcohol

Néu cho vao mot lwong nho hop chét lwu huynh trong dung dich phan tng thi qué trinh
s& dirng lai ¢ san pham benzaldehyd. 6 14 do hop chat luu huynh 1am ngd ddcruou va toluen.

Toém lai trong k¥ thudt san xuit van dé 1am sao giam dugc sy ngd doc xuc tac rat can
duoc cha ¥ dic biét dé 1am ting hiéu suét phan Gmg, ting thoi gian 1am viéc ciia xuc tac

3/ Céc yéu tb anh huéng sw ngd dde xic tac :

C6 hai y€u t6 anh hudéng 16n dén sy ngd doc xuc tac
e Nhi¢t do : nhi¢t 0 c6 anh hudng rat 16n dén sy ngd doc xuc tac

Vi du: phan ting oxy héa SO, thanh SO,

Véi xtic tac : V,0s va chat doc: H,S AA
A . 2 o 4 ‘A A 0
Tién hanh phan Ung & cac di€u kién nhiét A, ZSOOC
A . A Ao X . 230°C
dd khéac nhau, nhan thay rang: ‘ 210°C
+ & 130°C : hoat tinh giam nhiéu
190°C

+ & 250°C : hoat tinh x0c tac dugc khoi
phuc nhu ban dau 170°C
Nguyén nhéan 1a do ¢ nhiét d6 cao su hap
phu gitta V,05 va H,S khong bén vitng dan

. : . 130°C
dén sy gidi hap nén khong anh hudong dén >
hoat tinh xuc tac. [H,S]

e Chit kich dong, chat mang: khi xuét hién chat doc thi chit kich dong, chit mang s& hap
phu chat doc dau tién, giai phong trung tim hoat dong ctia xuc tac

4/ Trung tam hoat dong cua xuc tac :

H,0, —2> H,0 + %0, X
7



e Khi nghién ctru phan tng :

Nguoi ta nhan thiy ring mot lugng vo cing bé chat doc H,S du dé 1am cho hoat tinh cta
Pt giam manh. Tir ddy dit van dé tai sao hang tryc triéu nguyén tir xtic tac nhu vy ma chi
mot lugng nho bé chat doc cling co thé lam cho xuc tac mat hoat tinh. Diéu dé ching to
rang khéng phii tit cd cdc nguyén tir chit xic tic déu lam xic tic cho phén irng ma
trong d6 chi cé mét phin rit nhé sé nguyén tir hoat dong xiic tic cho phdin ting . S6
nguyén tir hoat dong do ta goi la tam hoat dong.

e Khi nghién ctru sy hap phu chat khi trén bé mit xtc tic rin, ngudi ta nhan thay: mdi mot
nguyén tir xuc tac trén bé mit c6 thé hap phu mot nguyén tir khi va nguyén tir xtc tac do
goi 12 tdm hdp phu ; khi d6 s& tao thanh mot 10p hip phu nguyén tir khi trén bé mat xic tac

e Nhu vay, sé tdm hép phu va tam hoat dong khong twong dwong nhau.

e Néu thira nhan rang: tdm hdp phu hoat héa la logi tim cé tic dung tao diéu kién cho
phén ikng héa hoc tién hanh thi so tim hdp phu hoat héa dwoc goi la sé tim hoat dong
xiic tdc. Va nhu vy, sé tim hdp phu hoat héa chiém mét phin rit bé so véi tim hip phu
noi chung.

e Véi nhitng phan tng khac nhau, véi nhitng xtc tac khac nhau thi s trung tim hoat dong

xuc tac cling khac nhau.

Thé gi6i nguwoi ta cong nhin sé trung tim hoat déng xiic tic la 107,

e Cho dén nay viéc thira nhan c6 tdm hoat dong xtic tac van chua hoan toan duoc cong nhan.
Tam hoat tinh 13 gi? N6 c6 tac dung gi v6i chat phan tung ? thi dén nay céac ¥ kién d6 van
chua thdng nhit nhung c6 thé dinh nghia mot cach tong quat: “Trung tim hoat déng la
nhitng trung tim cé héa tri tw do I6n nén cé thé hip phu chit phdn teng va tién hanh
phadn wng.”

Duéi day 1a mot vai thuyét giai thich trung tdm hoat dong.

1/ Thuvét Taylor:

Niam 1962, Taylor 1am thi nghiém: trong mot cdc dung cac hat Ni, cho dung dich I, véo.
Quan sat trén kinh hién vi thi thdy c6 mot sé diém bi nhuém mau nhung sau d6 loang dan va

nhuém mau khong déu.
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Pé giai thich hién twong nay, 6ng da 1am thi nghiém khac: cho hap phu CO trén bé mat
Ni, thi thdy: bé mdt Ni khéng phdang ma 16i. Giai thich:

O vi tri 1: Ni ¢6 3 hoa tri tyr do

—I\llil— 2: Ni ¢6 2 hoa tri tyr do

[ R 3: Ni1cd 1 hoa tri tu do

—I\lli—l\‘|i3—|‘\li—||\|i2— 4: N1 c6 0 hoa tr1 tr do
“Ni=Ni*~Ni-Ni—=  Nhu vdy, trén bé mat Ni, cling cung 13 nguyén tr Ni ca nhung chung
| \ \ |

—Ni—Ni-Ni-Ni- ] , _ .
I Theo Taylor, & vi tri 1, Ni c6 3 hoa tri tu do nén c6 thé két hop 3

So' do bé mat Ni theo  nguyén tir CO hinh thanh Ni(CO); trén bé mit Ni.
quan diem Taylor  Tygno tr, & vi tri 2: hinh thanh Ni(CO),
& vi tri 3: hinh thanh NiCO
¢ vi tri 4: khong hinh thanh gi ca.

c6 hoa tri ty do khac nhau nén c6 kha nang hoa hoc khac nhau

Qua day co thé thiy tAm hoat dong Ni chi chiém mot phan rat bé so vé6i tong sb nguyén
tir Ni. Va Taylor d4 két luan: vi tri 1 1a trung tim hoat ddng manh nhat (nhung thuc ra vi tri
1 la trung tdm hédp phu manh nhdt)

Quan diém cua Taylor méi dua ra dugc mgt khai niém so bo vé tam hoat tinh, khong cho
mot phuong phap phan tich dé xac dinh va phan biét d6 1a tim hoat dong.

2/ Thuvét Dankov:

Hoan toan trai ngugc voi Taylor, Dankov cho rang tam hoat tinh 1a cac di€ém I6m va am.

So do cua Dankov nhu sau:

/ / / / / / Theo Dankov trén bé mat kim loai ¢6 5 vi tri:
/ / / /5/ / 4 e Néuldm & vitri 1: ¢6 5 bé mit ty do
/1/ / / / / o Néulom & vi tri 2: ¢6 4 bé mat tu do
/ / / / /2 / e Néu16m & vi tri 3: ¢6 3bé mit tir do
/ / / / / / / e Néu ldm & vi tri 4: ¢6 2 bé mit ty do
/ / / / / / / e Néuldm & vitri 5: c6 1 bé mit tw do
/] ] ] ] / G vi tri s6 1: CO bi hip phu boi 5 bé mit tu do =
3 / kéo dan lién két C=0 vé phia 5 bé mit tu do.
/ Tuong ti & vi tri 2, 3, 4 thi CO bi hap phu bai 4, 3,
2 bé mat tu do
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Nhu vy & vi tri cang 16m hinh thanh cang nhiéu mdi ndi lién két giita 1 nguyén tir CO va
cac bé mit tir do. Cu thé ¢ vi tri s6 1 cho kha ning hap phu khoé nhat, c6 hoat tinh cao nht.

Dankov d4 dua ra mot hinh twong vé tim hoat tinh khac Taylor nhung ciing chua giai
thich dugc mot cach 1o rang vé tam hoat tinh. Theo Dankov & vi tri 1 14 hoat dong nhét vi tao ra
duoc 5 mdi nbi lién két. Nhung chua phai tao ra duoc nhiéu mbi ndi lién két 1a ¢6 nhiéu kha
nang phan ung hda hoc.

bPé giai thich dugc tam hoat dong ctia xtic tac mot cach déy du hon can nghién clru cac
yéu t6 khac nhu ning lugng lién két, lién két hinh hoc, trao dbi dién tir trong lién két ... (dwoc

gidi thich bang cac thuyét xic tac)
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CHUONG IV: THUYET HAP PHU

Mic du ¢6 nhiéu cong trinh nghién ciru vé xtic tac, anh hudng cua xic tic dén toc do va
huéng phan Gng, cho dén nay van chua c6 mot 1y thuyét chung vé hién tuong xuc tac. Co 18
khong thé xay dung mot ly thuyét chung vé hién trong xuc tac vi cac chat xuc tac anh huong rat
khac nhau dén bién doi héa hoc. Dua trén tai liéu thuc nghiém tich luy dugc cac nha bac hoc da
sang tao nhiéu 1y thuyét va gia thuyét khac nhau 1am rd nhiéu khia canh cta hién tuong xtc tac.

Duéi ddy 1a mot s6 thuyét co tinh chét hién dai:

1/ Thuyét héa hoc - tirc 1a thuyét hop chit trung gian

2/ Thuyét 1y hoc - tirc 13 thuyét hap phu

3/ Thuyét doan hoat dong Kobozeb

4/ Thuyét da vi Baladin

5/ Thuyét dién tir

Trong pham vi mén hoc ndy, ching ta chi nghién ctu THUYET HAP PHU VA
THUYET PA VI BALADIN . Boi vi hién twong hap phu 13 mot giai doan dau cta qua trinh
xuc tac di thé. N6 anh hudng rat nhiéu dén qua trinh chung va trong nhiéu truong hop hap phu
da quyét dinh qu4 trinh xtc tac. Vi vay khi nghién ctru xtic tac di thé phai nghién ciru sy hap phu
trén xuc tac ran.

I. Khai niém

- Pinh nghia: “Hap phu 1a qua trinh hat khi (hoi) hay chat 1ong bang bé mat chat ran xdp.
Chat khi hay hoi duoc goi 1a chét bi hap phy, chat ran xdp dung dé hut khi hay hoi goi 1a chat
hap phu va nhitng khi khong bi hip phu goi 13 khi tro”

- Trong qud trinh hép phu c6 tod ra mét nhiét lwong, goi 1a nhiét hap phu. Bé mit cang
16n tirc @6 x0p cuia xtic tac cang cao thi nhiét hip phu toa ra cang 16n.

- C6 2 qua trinh hap phu: hp phu 1y hoc va hap phu hoa hoc. Giira hip phu 1y hoc va hap
phu hoa hoc that ra khé phan biét, c6 khi no tién hanh song song, c¢o khi chi c6 giai doan hép
phu 1y hoc tuy thudc tinh chét cua bé mat xuc tac va chat bi hép phu, tuy thudc vao diéu kién
qua trinh (nhiét do, ap suat... )

II. Phén biét hap phu vat Iy va hip phu héa hoc
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C6 thé phan biét hap phu hoa hoc va 1y hoc ¢ nhimng diém sau:

1/ Nhiét hap phu

e Nhiét hap phu hoa hoc kha 16n, tir 40 + 800 kJ/mol, nhiéu khi gin bang nhiét cta phan tng
héa hoc. Vi vay n6 tao thanh mdi ndi hip phu kha bén va mudn day chét bi hap phuy ra khoi
bé mit xtc tic ran can nhiét dd kha cao.

e Nhiét hip phu Iy hoc thuong khong 16n, gan bang nhiét hoa 16ng hay bay hoi cua chit bi
hap phu & diéu kién hap phu va thudng nhé hon 20 kJ/mol.

2/ Lwong chit bi hip phu

e Hip phu héa hoc xdy ra rét it, khong hon mot 16p trén bé mat xtc tac (don 16p)
e Hap phu 1y hoc c6 thé tao thanh nhiéu 16p (da 16p)

3/ Su chon loc hz‘ip phu

° Hép phu hoéa hoc c6 tinh chit chon loc cao, phu thudc vao tinh chit bé mat chat rin va
tinh chit cua chat bi hip phu

° Hép phu 1y hoc khong c6 su chon loc, tat ca cac bé mat chat rin déu co tinh chét hép phu
1y hoc.

4/ Sw phu thudc cua nhiét do

e Hip phu Iy hoc thuong xay ra & nhiét do thap, khi nhiét d6 tang thi lugng chit hap phu

giam lugng chat hap phu
Vi du:N, dwoc hdp phu manh nhat HPVL A\ HPHH
& - 193°C la nhiét do héa long ciia VL?ﬁH k
N, khi nhiét do tang thi hcfp phu ly / |
hoc giam / i
-193°C  0°C 100°C T

° Hép phu héa hoc thuong tién hanh & nhiét d6 cao hon hép phu 1y hoc, ¢ nhiét do thép thi
luong chat hap phu hoéa hoc giam va khi nhiét do 16n hon nhiét do tdi uu thi lugng chat
hap phu hoa hoc ciing giam
= Do6i véi N»: nhiét do HPHH t6i uu la 100°C.

5/ Tinh chit cta cac moi ndi h?ip phu
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e Hip phy héa hoc tao thanh méi ndi bén vimng va tinh chat gan gidng nhu mébi ndi hoa hoc.
Chung c6 thé 12 mdi ndi hoa tri, ion, déng hoéa tri... Trong qua trinh tao thanh mbi ndi co
su di chuyén dién tir giira chit bi hip phu va chét hip phu, tirc 13 ¢6 tic dung dién tir phan
tir hap phu va bé mat chat ran.

e Hip phu 1y hoc khong hinh thanh mdi ndi. Su twong tac giita phan tir bi hap phu véi cac
electron cua chét rin rat yéu. Giita chat ran va phan tir bi hap phu duoc coi nhu 1a 2 hé
thong, khong phai 13 mot hop chat thong nhat.

6/ Ning lwong hoat hoa hiap phu

e Hap phu hoa hoc tién hanh cham va c6 ning luong hoat hoa kha 16n gin bang ning luong
hoat hoa cua phan tng héa hoc, phu thudc boi khoang cach gitra cac nguyén tir trong chat
bi hap phu va cac trung tim trén bé mit chat rin.

e Hap phu 1y hoc tién hanh rat nhanh va nang luong hoat hoa bang khong.

7/ Tinh thuin nghich ciia hip phu

e Hap phu 1y hoc bao gid ciing 14 thuan nghich, néi cach khac qua trinh ¢ trang thai cin
bing dong: hap phu < nha hip phu

e Hap phu héa hoc khong phai bao giod ciing 13 qua trinh thuan nghich. Tuy theo dic tinh
moi ndi lién két hoa hoc ma tinh chat thuin nghich & qué trinh hip phu khac nhau. Co
nhitng qua trinh hoa hoc kha bén virng, tao thanh cac hop chit hoa hoc, vi du nhu su hép
phu Oxy 1én kim loai tao Oxyt kim loai, hodc khi hép phu Ién than cho CO,, CO.

8/ Trang thai cua chit bi hfip phu

e HPVL: trang thai va tinh chit héa 1y cua chat bi hap phu khong thay doi. Luc gitra chat
hap phu va chit bi hip phu 1 luc Van der Waals.

e HPHH: trang thai ctia chat bi hip phu thay d6i hoan toan
Nhiét hap phu : Qnp =1n¢ - mD
Trong d6:  D: ning luong tao thanh méi nbi
@: nang luong pha v& mbi ndi

m,n: sO mO1 ndi tao thanh va bi pha vo tuong ting
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Vi du: khi HPHH trén kim loai, cac phan tr phan ly thanh nguyén tu::
» H,/ Me: H, + 2Me - 2 MeH
» O,/ Me: 0, + le = O2'hphu / Me
O, + 2e = 20%ph / Me = 2MeO
> Cac hop chét hitu co hap phu trén kim loai ciing bi phan ly, nhu CH,/ Me
CH; + 2Me > MeH + CH;Me

9/ Pwong biéu dién thé ning hip phu

Xét trudong hop hip phu Hy/ Ni.

Trén hinh v& mé ta sy bién thién ning luong trong qué trinh tuong tac gitta H, va Ni bé mit.

. Chuydn fféﬁ:

Thé ndng

.8 Hhodrng coch
— dén b€ mdf  nm)

Hink 4 - 2 Duéng cong the nang hap phy cha hydro trén niken
theo trang thai hap phu

Quy uoc:

- Trén duong nam ngang thé ning bang 0. Mot phan tr nim xa bé mit rin s& c6 thé ning
bang 0, nghia 1a nam trén dudng nam ngang do.

- Mot phan tir dugc cung cap ning luong s& chiém mét vi tri cao hon duong nim ngang

- Nguoc lai khi mot phan tir giai phong ning luong s& chiém mot vi tri thip hon duong

nam ngang.
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Tir hinh v& nhan thay rang:

e Khi phan t&r H, tién dén gﬁn bé mat Ni, thoat tién xay ra sy HPVL. Nang lugng ctua H,
bién doi theo duong cong (P) (hap phu toa nhiét, ning luong cua hé giam); tuy nhién
AH,: la entalpt HPVL rat nho. Vi tri cuc tiéu ctia duong cong thé ning twong tng voi
HPVL con cach tim nguyén tir Ni mot khoang cach xap xi L:

L=rni + I'Nijvaw T Tn T T, vaw

=0,125+ 0,08 + 0,035 + 0,08 =0,32 (nm)
trong do: r,qy : ban kinh Van der Waals ctia cac nguyén tir 1 bang nhau.

r :ban kinh thyc cua nguyén tir
e Duong (C) biéu dién su bién ddi thé ning trong HPHH, tmg v&i qua trinh
2Ni + 2H —» 2 NiH
Trudc hét phan tir H, bi phan ly thanh 2 nguyén tir H twong tng voi su cung cip ning
luong Dy = 434 kJ. Sau d6 H tién dén gan bé mat Ni, qua trinh HPHH xay ra twong (g
v6i su giam thé ning ctia nguyén tir H. Tai vi tri cuc tiéu cia dudng (C) , mot lién két hoa
hoc duogc hinh thanh véi1 d6 dai Ly:
Li=ng + g =0,125 + 0,035=0,16 (nm)

Entalpi HPHH AHy,, ~ 125 kJ/ mol

e Nhu vdy mot phan tor H, mudn tham gia qua trinh HPHH véi Ni thi can vuot qua mot
nang lugng hoat hda Ec < Dyy (Ec 1a giao diém cta 2 duong cong (P) va (C))

e Tom lai, HPVL da dua phan tir H, tién dén gan bé mat Ni kim loai ma khong doi hoi
cung cip nhiéu ning luong va sau d6 c6 su chuyén dich tir HPVL sang HPHH thong qua
mat trang thai chuyén tiép nhu hinh vé& sau:

Phgn v hydro

- 5 L ?— 3 = 2
hip phe vt i k ;?.rng"fiﬂ Nguyen fu hydro
s L ve - yern fiep hap phy Bed hboc
; ™
1 ]
1 m H T T e S

Hinh 4 - 4. HPHH ciia phan 1 Hs trén bé matr Ni 45



I11. Phwong trinh hip phu ly twéng
1/ Thé nao 1a hap phu ly twéng?
Hép phu 1y tudng 13 qua trinh hap phu thoa méan cac diéu kién:

e nhiét hip phu khong thay ddi theo khong gian va thoi gian: Q = const ; nghia 13 nhiét hip
phu trong subt qué trinh khong doi, khong phu thudc vao do che phu bé mat. N6i mot
cach khac cac tam hap phu hoan toan trong duong nhau vé mit ning luong.

e Khong ton tai luc twong tac giita cic phéan tir d duoc hap phu , nghia 1 cic phén tir trén
bé mat chét ran thi doc 1ap nhau, khong c6 sy canh tranh, khong can tré 1an nhau trong
qua trinh hap phu .

e Trong qua trinh hdp phu va nha hap phy , s6 tam hap phu khong doi.

2/ Pong hoc ctia qua trinh hip phu - Phwong trinh Langmuir

2.1/ Trudong hop ¢6 mot chiat hip phu A

Van tdc hép phu cua chit A: VhA =kp.Pa.(1-0,)
Van tdc nha hép phu : VnA =k, .04
Trong d6:  ky: hang sé van tdc hap phu
ky: hing sb van tdc nha hip phu
P4: 4p suat riéng phan ciia A
04: bé mt bi chiém béi A
Vian tdc hap phu chung: Ve

A A
v.=d0/dt =vy - v, =V -V,

= ﬁ:kh.PA.a—eA)—knﬂA
dr
- =k,.P,—0,(k,.P,+k,)
dr
do k,.P
= (kP +k )| —t4 g *
d'[ ( h** A4 n)(kh.PA'i‘kn AJ ( )
O trang thai can bang: Vi = Vp (**)
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Goi 0,.: 1a phan bé mit bi chiém béi A tai thoi diém can bang

Tu (**) ta co: ky. Py (1 - 0,) =k, 6,
L g - kP
k,.P,+k,
Tt (*) ta co: Z—e = (k,.P, +k, )6, -6,)
T
= 0 __ (k,.P, +k,)dr

6, -6,
Lay tich phan 2 vé ta dugc: - In(6,- 0y) = (ky. P4+ k, )7+ C
Othoidiemt=0: 6,=0 =C=-1né,

= -In(0p-6,) = (ky. Py + k, )T - In6,
6, -0,

= In =—(k,.P, +k, )t

['e]

0 (k- Py, e
N (1_9_/1):6 (ky- Pk, )

o0

= 0,=0,[1-¢rh)7)

Nhu vay néu chi xét & thoi diém can bang thi ta c6 bé mat bi chiém baéi chét A 1a:

0. -0, = k,.P,
k,.P,+k,
Goi K 4: hang s6 can bang hap phu chat A: K, = z—h
I P
K,P,+1

2.2/ Trudong hop ¢6 2 chat hiap phu A va B

Goi 04, O : phan bé mit bi chiém bai A, B & thoi diém can bang
VhA, Vi tbe do hép phu cua chit A va B

v, v tbe do nha hép phu cua chit A va B
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Vi chat hap phu A: vi,* = k,*. Pa(1 - 04 - 05)
Vot =k, 0a
O diéu kién can bang:

ki'. Py(1- 6,- 605) =k, 0,

A
L 1-6,-6, f _ 1 0
0, kP, K,P,
Vi chat hap phu B: vi,” =k;,”. Pg(1 - 04 - 05)
VnB = knB. OB
O diéu kién cin bang:
ki®. Pg(1 - 6, - 65) =k,”. 65
B
L 1-0,-6, f _ 1 2
0, k, P, Kgy.P,
0, K,P
T (1) va (2): T4 - 2arta 3
(1) va(2) 6, " K. P, 3)
K, P
Tu (1), (2), (3), ta duoc: 6, L

“1+K,P,+K,P,

B K, P,
1+K, P, +K;.P,

B

2.3/ Trudong hop ¢é n chit hip phu

Khi c6 n chit bi hip phu :
2.4/ Truong hop chit hip phu bi phén ly
Vi du: H, bi hap phu thi phan ly
H, < 2H

Ta cé: Vi 2 =ky. Pro.(1 - O’

H 2
Vo > =K. O
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O diéu kién can bang: Ki. Pipo.(1 - 01)* =k, 04°

1/2 1/2
1-6, k, 1
:> = =
0, ky Py, K, .Py,,

] (x,.p, )"
C1+(k,.p, )"

= 0,

Truong hop tong quat: chat hip phu bi phan ly thanh n phan tt

~ (Ki.Pi)l/n
i 1+(Ki,Pi)l/n

2.5/ Panh gia phwong trinh Langmuir

o bP v6i b = K: hing s6 can bing hap phu

 bP+1

Phuong trinh Langmuir 13 phuong trinh dau tién vé qua trinh hap phu nén dugc ap dung
nhiéu vao thuc té va két qua tinh todn co thé chép nhan dugc, mac du so vdi thuc nghi¢m

khong chinh xéc lam.

Béi vi:
bP 1 bP+1 1
0= = —= =1+—
bP +1 6 bP bP
A 3 , A ) . 1/6 y ¢ A
Thay rang, theo ly thuyet do thi duong ly thuyét
gitta 1/0 va 1/P 1a duong thang.

Nhung t nhimg sb lidu thuc . A
] duong thyc nghiém
nghiém cho phuong trinh la duong

cong. Piéu nay chimg t6 phuong

trinh khong chinh xac lam.

1/P

Ung dung: cic phuong trinh hip phy ding nhiét
e Phuong trinh Henry: V=KP=>bP
V: thé tich chat bi hap phu tai thoi diém vao day

K = b: hing s6 cin bang hip phu
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I11.

Phuong trinh Langmuir: 7V = Vi KP
1+ KP

V: thé tich ciia mot 16p hdp phu don phén tir chat bi hap phu tinh cho 1 g chat ran

Suy ra: 0, _ VY __KP
V. 1+KP

m

Phuong trinh Preundlich: V= KP'"=bp'™

n: s6 phan tir bj hap phu

n<5: V=>bp"
n>5 V=C,+C, InP (Cy, Cy: héng sb thuc nghi¢m)
Phuong trinh Temkin: V=K. IgKP (K,: hing sb thuc nghiém)

Phuong trinh BET: (Brunauer - Emmette - Teller)

V. .Cx

o —x+ )

C: héng s6 thuc nghi¢m
x = P/P; (P,: 4p suat hoi bao hoa cia A & nhiét do hap phy )
Ttc 1a phuong trinh BET c6 dang:

P 1 C
= +
v(p-P) V,C V

m m

1
C’

P
P

Hap phu thue
Trong thyc té do bé mit chit ran khong bang phing, cac 16 xp khong dong nhét cho nén:
S6 tam hap phu c6 thé thay doi néu thay d6i diéu kién hap phu nhu nhiét do , ndng do...
Nhiét hap phu Q khong phai 1a mot hang s6, ma giam dan theo do che phu bé mit. Dau
tién cac tam hdp phu hoat ddng manh nhét thi nhiét hap phy 16n, sau ciing tim hip phu
kém hoat dong hon thi nhiét hép phu giam.
Néu chia tim hép phu ra nhiéu loai va mdi loai c6 mot nhiét hép phu khac nhau, ta c6:

++ Loai tm n; c6 nhiét hép phula iy, chiém bé mit 14 0,

+» Loai tm n, c6 nhiét hép phu la A,, chiém bé mit 1 0,
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+»+ Loai tm n, c6 nhiét hép phula A, chiém bé mit 14 0,

Ta co:
0=0,+0,+...+0
92291

Trong truong hop phtre tap:

0:.[ b, .P, W
1+b,.B,

ny, A
n, Ao

nl’l, 7\41

Trong d6: dw: xac suat bé mit bi chiém c6 A giéng nhau

51



CHUONG IV: THUYET PA VI BALADIN

I. Ditvan dé

Sau nhitng nghién ctru vé xtc tac, Baladin nhan xét rang:
1/ Xtc tac 1a mot hién twong hoa hoc, xiic tac 1am ting van téc phan ung 1a do lam giam
nang luong hoat hoa
2/ Khong phai tat ca cac thanh phan cta phan tir chat phan (mg bi hap phu 1én bé mit chat
xuc tac ma chi c6 nhitng nhom dinh chtre bi hdp phu va chi mét 16p ma thoi.
3/ Véi nhitng xtc tac khac nhau s& hap phu cac nhém dinh chirc khac nhau, cho cac hudng
phan g khéac nhau

Vi du: khi mudn khir H ciia nhém rugu thi nhém OH cia rugu phai nam ngay trén bé mat
xuc tac; hodc mudn khir H cua cyclohexan thi toan bd vong cyclohexan phai nam trén bé
mat xUc tac.
4/ Khi cac nhom dugc hép phu 1én bé mat xuac tac thi c6 kém theo su chuyén dich dién tir,

cat dut moi noi ¢t tao thanh moi noi mai.

Vi du:
1. CH;CH,0H —4% » CH,CHO + H,
R — . 1, 2: 14 nhiing trung tdm hoat dong lam dit moi noi
CH;1-C -0, cta H va hinh thanh H,.
b2l
' H H

g
H£'|c':'l'c':'l;H
i H OH

Nhu vy chit xuc tac c6 tac dung liwa chon 13 rét.

3.C¢H, —» C¢Hg + 3H,
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<: > Phéan tmg dé H, cua cyclohexan chi

::> xdy ra trén nhitng xdc tdc c6 mang
ludi tinh the luc giac.

5/ Cac nhom duoc hap phu cé nhiéu nguyén tir vi vdy phai cin mot lac nhiéu trung tim

hoat dong dé lam gian va kéo dirt maéi ndi cii, hinh thanh méi n61 maoi.

Vi du: AB + COD - AC + BD
A o C A °C A —C
o1 P20l &= b o —>
B 4§D B oD B —D

1, 2: 1a céc trung tdm hoat dong c6 nhi¢m vu kéo dut mbi nbi

3, 4: 1a céc trung tdm hoat dong c6 nhi¢m vu hinh thanh mbi ndi méi

Vi du: 3 C2H4 - C6H12
(o] A [o]
B ! ©6F 1, 3, 5: trung tam kéo dan moi no1
°2 sl 2,4, 6: trung tam hinh thanh md1i n61 méi
C 2 4 E
D

Nhu vay & ddy ton tai 2 yéu to:

e Giira cac nguyén tir xuc tdc va nguyén tir cua chit phan Gmg hinh thanh méi néi, ning
luong mbi ndi vira phai, khong bén qué ciing khong yéu qué , chi can dat téi mot ning
luong nao d6. Vay theo Baladin, xtc tac c6 hoat tinh cao nhat néu méi néi c6 nang lugng
thich hop, tirc la phdi twong dwong nang lwong.

e Khoang cach giira cac nguyén tir xtic tic va khodng cach gitta cac nguyén tir chat phan Gng
phai thich hop, tirc la phdi twong dwong hinh hoc.

Vay mudn phan Gng tién hanh véi van téc nhanh va ning luong hoat hoa thip thi gitra
chat phan tng va chét xtc tac can phai dat duoc 2 yéu t6 1a twong duong hinh hoc va
tuong duong nang luong.

II. Yéu td twong dwong hinh hoc
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Yéu td nay ndi 1én su twong duong vé khoang cach giita cac nguyén tor xdc tac va
khoang cach giita cac nguyén tir chat phan tmg. Néu su tuong dwong hinh hoc khong dat duoc
thi theo Baladin s& khong 1am bién dang cac mdi ndi va do d6 khong dwa dén phan tmg.

Su twong duong hinh hoc c6 thé dugc mé ta nhu sau:

C L ¢ L= C-C: khoang cach giira cac nguyén tir chit phan tng
109° L,= K-K: khoang cach gifra cac nguyén tur x(ic tac
Theo Plat - Erin thi gitta L; va L, phdi co sw twong
dwong hinh hoc va goéc 0 tao thanh phdi dat 109° thi
L, K van tée hip phu 1a 16n nhit.

Duya trén quan diém nay Baladin d3 dua ra quy tic twong duwong hinh hoc nhu sau:
* Quy tic twong dwong hinh hoc ciia Baladin:
Giita C va K ¢6 luc F goi 13 lyc hap phu biéu kién va c6 thé phan thanh 2 Iyc:

F Fi: luc hép phu thuc F, C

F,: luc kéo dan mdi ndi 109°
F, phai du do bén thi maéi tré thanh hap phu
hoa hoc; nhung néu bén qua thi co sy ngd !
doc do chat phan mg sé hap phu khong

thuan nghich. K

Néu khoang cach gilra cadc nguyén tir c6 dang:

1 Fy. o 0: qué bé < 109°

F;: qua 16n = chat hap phy trg thanh chat
doc cho xuc tac
F,: qué bé = khong thé kéo dan mdi ndi

F
K 1
2/ e ¢ 5 0: qua 16n > 109°
F,: qua bé = dé dang nha hap phu
B, F,: qué 10n = lam phan ly chét phan tng
K

Nhue vdy, gitta khodng cdch cdc nguyén tir chdt phan iing va khodng cdch cac nguyén tiv
xiic tde phdi ¢é sw twong dwong hinh hoc thi van toc hdp phu sé cao nhdt va hoat tinh xiic téc

cao nhat.
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Mot vai vi du:

Vi du 1: Baladin nghién ctru tinh chon loc cho phan ng dé hydro hoa cua cac napten

hoic alkyl napten trén xuc tac Ni, Pt, Pd thi thay trén xuc tac Ni phan tng tién hanh t6t nhat.

Ni, Pt, Pd
> + 3H,

R . R
O Ni, Pt, Pd > Ej . 3H,
Ni, Pt, Pd
> + 3 H2

Vén dé dat ra vi sao vong 6 canh ¢ day lai bi khir H trén xtc tac ctia Ni la t6t nhat ? Sau

khi nghién ctru cu tric tinh thé cua Ni, Pt va Pd, Baladin di dén két luan 1a giira cac xtc tac Ni,
Pt, Pd ¢6 sy phu thudc hinh hoc voi chét phan tng.

CAu tric mang ludi tinh thé Ni ¢6 3 loai nhu sau:
1oa_ !

K a=351A°
b=2,48 A°

Khoang cach C-C trong cyclohexan la 1,53 A°; trong ltic d6 khoang cach Ni-Ni = 2,48
A°. Nhu vy tuong d6i phu hop. Trong trudng hop nay néu khoang cach giira cac nguyén tir xtc
tac cang l16n thi tinh phu hop cang kém va hoat tinh xuc tac cang bé.
Luu y: goc R la C,Hoys ) — (nhwe CoHs—, C3Hr—...)
R # C,H>,.;— vi khodng cich C=C la 1,54 A° nén C=C ciing bi hdp phu trén Ni

Bang dudi day so sanh hoat tinh xtc tac cho phan ting dé hydro hoa cta Ni, Pt, Pd nhu

sau:
X tac K-K (A°) Eun (kcal/mol)
Ni 2,48 9,7
Pd 2,74 15,3
Pt 2,77 18,0




Qua bang nhén thy ring:

+ Ni vira dam bao yéu té twong duong hinh hoc, vira c6 ning luong hoat hoa thap nhat
nén c¢6 hoat tinh cao nhat; nhu vay hoat tinh cta cac xuc tac duoc sép xép theo thur ty giam dan
sau:

Ani > Apg > Apg

+ Chi c¢6 vong 6 canh 1a bi dé& hydro héa con vong 5 canh va nhanh alkyl khong bi dé
hydro héa vi khong du trong dwong hinh hoc dé hp phu 1én bé mit xdc tac.

Vi du 2: phan tng hydro hoa axit oleic CH3-(CH,);-CH=CH-(CH,);-COOH

+ néu ding xuc tac Ni thi ndi d6i C=C bi hap phu :

CH; COOH

AN /

CH H H CH
( 2)7\ I————I——7./( 2)7 — > CH;— (CHys— COOH

+ néu dung xtc tic CuCrO, thi méi ndi C=0 bj hap phu :
CH3-(CH»)7-CH=CH-(CHy); OH

C
o< H —> CH3-(CH2)7-CH=CH-(CH2)8—OH + H,O

Su khac nhau gitra 2 phan ing trén 1a vi khoang cach C=C tuong tng véi tdm cta Ni, con
khoang cach C=0 tuong tng véi tam cia CuCrO,.
Vi du 3: Phan ing ctia vong cyclohexan

+ v6i xuc tac Pt, Ni & nhiét @6 300°C, phan trng xay ra theo huéng sau:

5H2 CH, —»> C¢Hgy + 3 H,

- 4, 5, 6: l1a nhiing trung tam hoat dong co

nhiém vu 1am cét dat mdi ndi C-H tao thanh 3
2 phan tir H,.

- 1, 2, 3: 1a nhiing trung tdm hoat dong co

nhiém vy hinh thanh médi ndi C=C
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+ véi xtc tac 1a oxyt kim loai (Cr,03, V,0s...) & nhiét do 500°C, phan Umg xay ra theo

hudng sau: CeHj, — 3CH, + 3C
CH,

- 4, 5, 6: la nhiing trung tam hoat dong co
nhiém vu 1am cit dat mdi ndi C-C tao thanh 3
phan to CH,.
- 1, 2, 3: 1a nhiing trung tdm hoat dong co
nhiém vy cit dat méi ndi C-H tao thanh 3
nguyén tur C.

Vi du 4: phan ing tao vong cua parafin CoHy.

Kha ning tao vong ciia mach cang dai thi cang 16n nhung ciing phu thudc vao tam hip

phu ma cho cac vong khac nhau. C
5 6 5 6 3
2 3 7 —p> 2 3 4 7
9 8 8
5 6 C2
2 3 > 7 — > Ci

III. Yéu t6 twong dwong ning lwrong

Theo Baladin, ngoai yéu té twong hinh hoc, kha ning phan Gng con phu thudc ning
luong mdi ndi gitta cac nguyén tir xic tac va cac nguyén tir chat phan tng.

Baladin chia qué trinh phan trng thanh 2 giai doan:

+ Giai doan 1: it mdi ndi giita cac chat phan ing va tao ra méi ndi giira nguyén tir chat
phan tng vé1 nguyén tir xuc tac. Giai doan nay doi hoi mot nang luong 1a E;.

+ Giai doan 2: dut mbi nbi giita cac nguyén tir chat xtic tac va chat phan tmg; tao ra mbi
ndi gitra cac nguyén tir san pham. Giai doan nay doi hoi mét ning lugng 13 E,.

Trong thuc té ¢6 khi E; > E, va c¢6 khi E, > E,. Nhu vdy ning luong chung ciia phan Gng
la  E.=E; néuE,>E,

E.=E, néu E, > E,
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Dé E, nho nhét thi E, ~ E;: goi 1 twong duwong ning luong

Phan Gmg nhu sau: ~ AB+ CD ——> AC + BD

Qui uéc: nang lugng phd vo tic 1a nang lugng mat di, ky hi¢u l1a (-)
nang lugng tao thanh tuc 1a nang luong toa ra, ky hi¢u 1a (+)

+ Giai doan 1: AB+ 2K —> AK + BK + q

CD+ 2K ——> CK + DK + q,

AB +CD+ 4K —> AK+BK +CK +DK + q + q

N
E,

= Ei= -Qas-Qcp+ Qak T Qpk T Qck + Qpk

+ Giai doan 2: AK + CK > AC + 2K + g3
BK+ DK ——=> BD + 2K + g4

AK + BK + CK + DK ——> AC + BD+ 4K + g + qu

N
E,

= E> =-Qak - Qpk - Qck - Qpk + Qac +Qsp

bidt  u:nhiét phan Ung
u=-Qap - Qcp T Qac T Qpp
s : tong ning lwong moi ndi ciia chat phan Gmg va clia san pham
s= Qas*+ QcptQac+ Qsp
q : thé nang hap phu
q= Qak +Qpk + Qck + Qpk
Nhu vay: Ei=q-s/2+u/2
E,=-q+s/2+u/2
Trong d6:  u, s: dbi v6i mot chat phan Gmg thi u, s = const
q : d6i véi cac xuc tac khac nhau thi q # nhau
bit g=x = y; =x-a (-a=-s/2+u/2)
E=y = y,=-x+b (b= s/2+u/2)
Xay dung trén cung do thi 2 phuong trinh nay: dd thi 1a 2 dudng thang vudng goéc nhau

va tao véi truc tung mot goc 45°.
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Y1
TaiM:y, =y, tuclaE| =E,
= M: diém tuong dwong ning lugng
M MaE,+E,=u
= E, =E,=u/2
=q=5s/2
= M (s/2; u/2)

u/2

y2

Khi @6 tai M ta tim dugc xtc tac c6 thé ning hap phu la:

‘q = Qak + Qpk T Qck + Qpk = 1/2 (Qap + Qcp + Qac + QBD)‘

Trong thuc té kho chon xtc tac c6 thé ning hip phu thoa man yéu cau ndy. Vi vay ta tim

nhimng xuc tac c6 thé nang hap phu nam trong ving ti wu tir qo; + qon.
Khiy,=0:x=a = Qo1 =a=1/2(s-u)
Khiy,=0:x=b = qp=b=1/2(s+u)
=  *a=1/2(Qap T Qcp t Qac + Qpp T Qap + Qcp - Qac - Qp) = Qas + Qep
-a=- Qag - Qcp : nhiét pha v& mdi ndi cta chat phan tng
*b=1/2(Qap + Qcp + Qac * Qsp - Qa - Qecp + Qac + Qpp) = Qac + Qrp
b =Qac + Qgp : nhiét tao thanh mdi ndi cua san phém
Néu | a ‘ > b : nhiét phd huy > nhiét tao thanh : phan rng thu nhiét
Néu | a ‘ <b : nhiét pha huy < nhiét tao thanh : phan Gng toa nhiét

IV. Danh gia thuyét Baladin

1/ Uu diém
e Néu lén duoc su hip phu don 16p thi méi tré thanh HPHH
e Chi c6 nhitng nhém hoat déng bi hap phu 1én trén bé mit xuc tac va phan tng chi xay ra
v6i cac nhom d6 thoi. Tir d6 c6 thé giai thich nhiéu hudng xay ra ciia phan tmg
e Phan tng tién hanh véi tde d6 cao khi thoa mén 2 yéu té twong duong hinh hoc va tuong
duong nang luong

2/ Nhwoc diém
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e Néu mot trong hai yéu t6 1a dat con yéu t6 khac khong dat thi phai xét timg trudng hop cu
thé, véi mdi loai xtic tac thi yéu t6 hinh hoc hay ning lwong 1a quan trong
Vi dy: + Zeolit thién vé yéu t6 twong dwong hinh hoc vi ¢ hé mao quan dong déu.
+ Véi xuc tac khong c6 mao quan thi thién vé yéu t6 ning luong
e Bé& mit xuc tac thyuc té 13 khong dong déu nén thé ning hip phu q thay ddi theo bé mat
xlic tic, nén phai 1y gia tri trung binh 1a qy.

3/ Tinh nhiét hip phu ciia tirng mdi ndi: Qak, Qsk, Qck, Qpk

e Neéu bé mat cua xuc tac dong déu, vi du 1a Ni.

Do phd hong ngoai khi cho H, hap phu trén Ni thi thay :

Ni
2110 cm™
H, H,
2080 cm’!
Ni — H, — Ni

Vi vay do céc cach hép phu khac nhau nén ban than cac Qak, nip phu khac nhau. Do do

phai tinh gia tri trung binh cua cac Qak, nip phu -

e Néu bé mit xtic tic khong ddng déu thi:

Qak, np # Qak

(Qax : 12 nhiét tao thanh hop chat AK, c6 thé tra trong s6 tay nhiét dong hoc)
Vidu: + O, hép phu trén than hoat tinh [O,/C*]

Khi do: Q(c-0y, hp # Qco (nhiét tao thanh hop chét CO, tra dugce tir s6 tay)

Do d6 phai tinh gia tri Qc.o), np -

+ Tuong tw, khi H, hodc CO hap phu 1én kim loai (Me) thi phai tinh cac gia tri 1a
Qe - 1yhp » Qe - yhp > Qevte - Oy -
Tém lai trong 2 truong hop trén bé mdt xiic tic dong déu hay khéng dong déu thi phdi

tinh cac gia tri trung binh cua Qax, n, ma khong thé 14y gia tri trong so tay nhiét dong hoc.
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4/ Vi du: can xac dinh ning luong lién két gitta cac nguyén tir H, C, O véi xuc tac 14 K, ta
léy 3 nhém hoat dong sau:

I I
H H H O .
=  Bémat xuc tac

(D (2) 3)
Ta co: E, E, E;

(E1, Es, Es: nang lugng can ¢6 & giai doan 1)
E1=-2Qcu*+2Qck +2 Quk
E>=-Qcn - Qon + Qcx + Qox T2 Quk
E;=-Qcn - Qco + 2 Qcx + Qux + Qox
Tra bang nhi¢t dong hoc Kapaneutri (Nga): Qcu = 98,7 kcal/mol
Qon = 110,5 kcal/mol
Qco = 85,5 kcal/mol
Thay cac gié tri vao ta dugc:
Quk =12 (/2 E; + E, + E3) +62
Qcxk=1/2(12E, - E; + E3) +36,8
Qoxk =12 (-32E; +E, + E3;) +46,8
O day van dé can cha y 1a E,, E,, E; nhiét phan ing khong giéng nhau hoan toan voi
nang lugng hoat hoa (chi cta giai doan 1). Theo Baladin, ton tai cong thirc lién hé gitra chung (E
va €) nhu sau:
e=3/4E (e: ndng luong hoat hoa thuc) *)
Cong thirc ndy dung cho phan tng thu nhiét va hé sd 3/4 chimg to cac mdi lién két khong
phan huy hoan toan ma chi bién dang.
Twr cong thue thuc nghiém (*) tinh dugc E,, E,, E;3 ; sau d6 thay vao hé 3 phuong trinh
trén d€ xac dinh Quk, Qck, Qok-
Bang phuong phép tuong tu nhu trén ta xac dinh dugc ning luong lién ké ciia cac mbi
ndi lién két khac nhau.
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CHUONG V: NGHIEN CUU TiNH CHAT XOP CUA XUC TAC

Hau hét cac phan tmg xtc tac duge sir dung trong cong nghiép hoa hoc déu 1a phan ung

xuc tac di thé, trong d6 cac chit tham gia phan ng va san phdm phan tmg thuong 13 & trang thai

khi (hoi) hodc 1éng; con chét xtc tac & trang thai ran ma hau hét 1a vat liéu mao quan (VLMQ).

Do do6 viéc nghién ctru tinh chat x6p cua xuc tac 1a hét strc can thiét vi né gidp cho ching

ta nam virng cac kién thirc co ban trong vi¢c st dung, ché tao va tim kiém cac chat xuc tac hi¢u

qua trong nhiéu qua trinh hoa hoc

I. Khai niém vé cdu tric cia VLMQ

Thong thuong nguoi ta st dung cac dai luong sau day dé dac trung cho cAu trac cua vat

liéu ran:

Su phéan bd kich thudc hat

Hinh dang va kich thudc céac tap hop hat

Bé mit riéng: 13 dién tich bé mit tinh cho mét don vi khdi luong; bao gém dién tich bé
mat bén trong va bén ngoai céc hat

Sc un
Sriéng = ?} £ (mz/g)

Thé tich 16 xbp riéng (mao quan riéng) : 1a khong gian rdng tinh cho mot don vi khoi

lugng; bao gém do rong gitlra c4c hat va bén trong mdi hat (m3/ 2)

Hinh ddng mao quan : trong thuc té rit kho xac dinh chinh x4c hinh dang cta cic mao
quan; song c6 4 loai mao quan chinh thuong dugc thira nhan: mao quéan hinh try, hinh
cau, hinh khe va hinh chai. Trong d6 loai mao quan thong 2 dau véi bén ngoai 1a 6 loi
nhét, tinh chit xtc tac tang. Con ddi voi mao quan chi thong mot dau v6i bé mat bén
ngoai thi it hiéu qua, dé xay ra phan tng phu ¢ bén trong (vi san pham chinh tao thanh
chua kip di ra ngoai thi bj chuyén hoa tiép)

Phén bd kich thudc cia cac mao quan hodc phan b 16 xdp dwa trén nhimng gia thiét vé
hinh ddng mao quan . Su phéan bd d6 dugce xac dinh theo su bién ddi cua thé tich hodc bé
mit cua 16 xdp véi kich thude mao quan

Theo qui dinh cta IUPAC (International Union of Pure and Applied Chemistry), c6 thé

phan chia VLMQ thanh 3 loai sau day:
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s VLMQ 16n: d > 50 nm (d: duong kinh trung binh cua mao quan )
% VLMQ trung binh: 2 <d < 50 nm
* VLMQ vi mao quan : d <2 nm
Kich thuéc trung binh ctia mao quan duoc xac dinh theo sy phan b dién tich hay thé tich

noi trén. Song trong mdt s6 trudng hop co thé tinh toan mot cach gan diing theo cong thirc:

_
d= nS

Trong d6:  n: thira sd hinh dang
V&1 mao quan hinh tru: n=0,5
S: bé mat riéng cia VLMQ
V: thé tich mao quan
II. Puong ding nhiét hiap phu
Khi mét chit rin dé trong moi truong 10ng hodc khi thi né s& hip phu vao mot luong x
chét bi hép phu. Luong x nay phu thudc ap suét can béng P, nhiét d6 T, ban chat cta chit bi hép
phu va ban chat cta vat liéu ran; tirc 1
x = f( P, T, chat hap phy, chat bi hap phu )
x (gam hoidc g/mol hodc cm’)
Khi T 12 mot hang s6: x 1a mot ham dong bién véi ap suét can bang. Khi ap suat P ting
dén ap suat hoi bio hoa cua chat khi bi hap phu P, tai mot nhiét do da cho thi mdi quan hé gitra x
va P duoc goi 1a “dang nhiét hap phu “
x =f( P)
Sau khi d3 dat dén ap suit bio hoa P, nguoi ta cho nha hip phu bang hit chan khéng, va
do cac gia tri luong khi bi hép phu x & céac gia tri P/Pg giam dan (P/Pg =1 = 0) va nhan dugc
“duong dang nhiét nha hip phy”.

Trong thuc té rat it khi thdy duong
dang nhiét hip phu (1) va dudng
dang nhiét nha hip phu (2) trung
nhau, ma thuong thdy mot “vong
khuyét” dic trung cho cac VLMQ
c6 hé mao quan trung binh. Hién

tuong ndy goi 1 hién tuong “tré” 0 P/P,
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Hinh dang ciia duong dang nhiét hip phu va “vong tré” thé hién nhiing dic diém vé ban
chat va hinh ding mao quan. Cac nha khoa hoc Brunauer, L.Deming, W.Deming va Teller
(BDDT) d3 phan loai cic dang duong ding nhiét hip phu - nha hip phu twong Gng voi cac
VLMQ khac nhau va da duoc quy chuan hoa bai IUPAC.

Céac dang duong dang nhiét hap phu dic trung dugc phan loai bai IUPAC:

Loai I: VLMQ khong c6 mao quan hodc vi mao quan (d<2 nm)
Loai II va III: VLMQ c6 mao quan 16n (d > 50 nm)
Loai IV va V: VLMQ ¢6 mao quan trung binh (2<d < 50 nm)
Loai VI: VLMQ ¢6 nhiéu mao quan va mao quan bé, khong dong déu
Kiéu III va V rat hiém thiy vi chiing twong Gng véi cac entalpi hip phu rat nho.
Kiéu bac thang VI cling rat it gap, dai dién cho céc bé mat tuong ddi 16n nhu mudi
cacbon graphit.
Pbi vai kiéu IV va V , De Boer di dé nghi cac dang vong tré khac nhau cho céc loai vat

lidu c6 cAu trac mao quan trung binh khac nhau. Nhu dudi day:

64



0 1 0 1 0 1

P/PO ——t—

000%~ ==l O =

Ry<Ry<2R, R>>>2R,
Mao quan trung Mao quén trung Mao quan trung Mao quan trung Mao quén trung
binh, hinh tru binh, hinh 16p, binh, hinh tru binh, hinh khe binh
hinh chai

Céc phuong trinh hap phu ding nhiét:

Céc phuong trinh hip phu dang nhiét co thé tat ca cic phuong trinh hap phu di dé cap
trong chuong III. Tuy nhién phwong trinh hip phu ding nhiét thuong dung nhat 13 phuong trinh
BET.

P 1 C-1P
= + —
v(p-pP) v,C V,C P

V: thé tich chat bi hap phu tai thoi diém vao day

C: hﬁng s6 thuc nghiém

Vi: thé tich cia mot 16p hdp phy don phén tir chat bi hap phu tinh cho 1 gam chét
ran trong diéu kién tiéu chuan. N6 tuong tmg voi mot 16p phu dic khit cia cac phan tir bi hap
phu nam trén bé mit. Co thé xem mot cach gin dung, V,, twong tmg véi doan nim ngang cua
duong dang nhiét hip phu trong khoang P/P, = 0,3 + 0,4. Bang cach do entalpi hap phu vi phan
theo su bién ddi luong khi bi hip phu nguoi ta di thira nhan sy hop 1y cua gia thiét trén.

III. Nghién ciru cau tric xop cia VLMQ
Chi nhitng vat liéu ¢ cdu triic vi mao quan va mao quan trung binh méi thé hién sy phirc

tap trong qua trinh hap phu va khir hap phu . Do d6 ching ta s& danh gia 2 loai vat liéu nay.

1/ Vat liéu vi mao quan (microporosity)

Céc zeolit, than hoat tinh, vat liéu khodng sét va nhiéu chat mang xuc tac ... c6 16 x6p bao

gom chu yéu la cac vi mao quan. Kich thudc cua ching xap xi vai kich thude ctia cac phan tir bi
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hap phu. Do kich thudc vi mao quan va qué trinh thyuc hién ¢ ap suét twong ddi nho nén khong
c6 sy ngung tu hay hip phu da 16p trong mao quan . Do d6 khi nha hap phu khéng c6 duong tré.

Vi vay phuong trinh BET khong con dﬁy du gia tri dé xac dinh Srieng cUa vat liéu. Tuy
nhién trong thuc té va vi 1y do thuan tién nguoi ta van st dung dién tich BET dé dac trung cho
vat liéu vi mao quan. Va du sao né cling cho phép so sanh va phan loai nhanh chéng céac vat liéu
mao quan vdi nhau.

Nhiéu phuong phép dua vao sy phan tich duong dang nhiét hip phu dé tim kiém céc
thong tin dinh lugng vé 16 xdp vi mao quan ma dic trung cia nd 1a duong ding nhiét hip phu
kiéu I. Tuy nhién ngudi ta khong chi 4p dung nhitng két qua tim duoc tir duong hap phy dang
nhiét kiéu I cho cac vat liéu vi mao quan ma con cho ca nhiing vat liéu khac chtra mot phén 16
x6p 14 vi mao quan.

Mot s6 phuong phap nghién ctru dic trung ciu tric cac hé VL vi mao quan :

- Phuong phéap Dubinin - Raduskhevich (DR)

- Phuong phap “t” ciia De Boer (t: 6 day cua 16p hip phu)

- Phuong phéap “o” cia Sing (o = V/Vy ; v6i V; 1a thé tich hap phu do mot chat rin
chuan khong mao quan tai mot ap suat twong dbi di cho)

- Phuong phéap “n” cua Lecloux

- Phuong phap Hovarth va Kawazoe

2/ Vat liéu mao quan trung binh (mesoporosity)

2.1/ Sw ngwng tu mao quan va dinh luat Kelvin

Pbi v6i VLMQ trung binh, trong qua trinh hap phu, khi 4p suit con nho hon ap suit hoi
bdo hoa P thi ¢6 xay ra hién tuong chét bi hip phu ngung tu. Hon nita khi khir hdp phu, sy bay
hoi chat 10ng tir mao quan thudng xay ra ¢ ap suat thap hon P,. Va do d6 dudng khtr hip phu
khoéng tring véi dudng hap phu . Su sai khac d6 1a do 4p suat mao quan da can trd sy khir hap
phu cua hoi ngung dung nhu & 4p suat hap phu.

Phuong trinh Kelvin da xac dinh mbi quan h¢ gitra ty s6 P/P, va ry 1a ban kinh cta giot

long hinh thanh ¢ bén trong mao quan.
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phu.

Trong do:

P (—f.g.VL.cosé’J

In—=
P, r.RT

g: strc cang bé mit ctia chét 16ng ngung tu
V. thé tich mol ctia chat 16ng ngung tu

0: goc tham udt

1: ban kinh Kelvin dugc dinh nghia nhu sau:

1 1 1
=4
. n n

11, I: cac ban kinh cong cia mang 16ng
f: thira s6 phu thudc hinh dang ctia mang 10ng, nhu vy gian tiép phu thudc
vao hinh dang cia mao quan

f=1: mang hinh try hoac ban try

f=2: mang ban cu

f=3: mang hinh cu

Hinh v& dudi ddy thé hién cac hinh ddng khac nhau ctia mang 16ng khi hip phu va nha hap

©

@ ® /

Z£7 16p khi bj hip phu
Hinh diang cua mang long
(1): hinh try : hap phu trong mao quén hinh try hé
(2): hinh ban cau  : khir hap phu trong mao quan hinh try

(3): hinh ban try : khir hap phu trong mao quéan hinh khe
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Nhu trén hinh v&, khi hip phu trong mao quan hinh try hé hai dau, thanh mao quéan duoc
che phii boi mot mang chét bi hap phu cho dén khi xay ra ngung tu mao quan. Trong qua trinh
hap phu mang 1ong c6 dang kiéu hinh tru. Nguoc lai sau khi xay ra ngung tu, mao quan mang
long c6 déang ban cau.

Tir phuong trinh Kelvin c6 thé thay rang: P/P ciia qua trinh thoat hoi tir mao quan ngung
tu ludn ludén nhod hon P/P; ctia qué trinh hap phu.

Chang han nhu, xét qua trinh xay ra trong mao quan hinh tru hé:

e Khi hap phu mang léng co:

I 1 1
_— =4 —
e hooh
Vir,>o©:dodér,=r;
- ln(ﬁl _ - f.gV,.cos@ _ - f.gV,.cos@ (1)
s ), r..RT n.RT
e Khi thoat hoi tir mao quan:
I 1 1
—_— = — 4 —
o h n

Mang 16ng hinh ban cau nén c6 thé xem: ry =r, do do ry =r/2

N ln(ﬂJ :—f.g.VL.cosﬁ:—2f.g.VL.cos19 2)
kh,

s r..RT n.RT

So sanh (1) va (2): vi f, g, Vi, cos, r; déu duong nén:
In (P/Pnp < In (P/Po)yp
hay (P/Po)inp < (P/Pg)np
Chinh su sai khic nay gy nén “vong tré” trén dudng dang nhiét hip phu va khir hap phu
cta cac VLMQ trung binh.
2.2/ Sw phan bé kich thwéc trong VLMO trung binh

Phuong phap duoc tmg dung nhiéu nhét 1a phuong phap cia Barrett, Joyner va Halenda,

goi tit 1a phwong phap BJH. N6 ap dung cho nhanh khir hap phu trén duong dang nhiét.
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Co s& cua phuong phap 1a cin ¢t vao phuong trinh Kelvin véi diéu kién cho rang, sau khi
bay hoi chat 1ong ngung ty, chat 1éng con luu lai trén thanh mao quan mét mang hap phu da 16p
c6 chiéu day “t”. Chiéu day “t” dugc xac dinh theo cong thirc sau:

_ xV,

S

r

t

(m)

x: lugng chat bi hap phu ¢ P/P, twong tng (mol/g)
V: thé tich cia mot mol chét bi hap phu (m*/mol)
S,: bé mit riéng cua chat hip phu xac dinh theo phuong trinh BET (m?/g)
Ban kinh cua mao quén r, dugc tinh theo biéu thirc:
IV. Xiac dinh bé mit riéng ciia xiic tac
Khong mot qua trinh nghién ciru xtc tic di thé ndo hoan thanh ma khong danh gia do x6p
clia x(c tac, bé mit riéng va muic phan bd mao quan cua xtc tac. Dé danh gid cac dai luong trén
phuong phap t6t nhat 1a dung phuong phap hap phu.

Cong thtrc tinh bé mat riéng cta xUc tac :

S;=ny.N.S, (mYg)

Véi: Sn: dién tich bé mit ctia mot phéan tir chit bi hap phu  (m?)
Gan dung c6 thé xem: S, = tiét dién ngang cua chét bi hap phu
N: s6 Avogadro = 6,022. 10 mol™
n,,: 6 mol chat bi hép phu tao ra mét 16p don phan tir trén bé mat 1 gam xuc tac
Chat bi hap phu thuong dung dudi dang 1ong - khi. Gia tri S, ctia chat bj hap phu khong
phai 12 dai luong tuyét d6i. Hién nay thuong dung nhét 13 khi tro nhu N,, Ar, He, Kr... Con dung
cac chat hitu co can phai than trong boi vi nd phu thudc tinh chét cta chat hép phu va nhiét do.
Bang 1 va 2 dudi dy cho biét cia mot sd phén tir.

Bang 1: Tiét dién ngang S,, ciia mot sd khi ¢ trang thai hap phy (A° 2)

Chétbi hdp phu | Nhietdo (K) | S, [A°7]
N, 77 16,2
0, 90 14,1
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77 13,8
Ar 90 14.4
77 20,2
Kr 90 18,5
195 21,7
Xe 273 22
CO 90 16,8
195 20,7
€O, 298 25,3

Bang 2: Tiét dién ngang S,, ciia mot sb khi & trang thai hap phu (A° 2)

Chét bi hap phu | Chat hap phu S, [A°7]
Than 51,5
n - Celliy Silicagel 70,0
C4H10 Than 51 ,5
ALO; 21,6
CH;OH Silicagel 28,5 +32.5
Ce¢Hs Silicagel 31,0

Mit khac cling can hét stc than trong ddi voi nhiing truong hop ma chat bi hip phu co
tuong tac hoa hoc véi bé mit chat hap phu. Chinh vi 1y do d6 ngudi ta thudng lwa chon cac khi
tro va nhiét do thép dé xac dinh bé mat riéng. N, la chét khi dugc st dung nhiéu nhét. Trong mot
sO trudng hop can c6 sy khuéch tan t6t trong cac vi mao quan, ngudi ta phai chon cac nguyén tir
hay phan tir bé hon N,. Ar 13 ing cir vién s6 mot, sau d6 1a He hodc H,. Tuy nhién H, c6 thé hip
phu héa hoc, con He thi khé thao tac thuc nghiém, do d6 viéc ing dung ching bi han ché.

Viéc tmg dung phuong trinh BET dé tinh bé mat riéng da tré thanh mot phwong phap tiéu
chuan trong nghién ctru VLMQ.

Tu phuong trinh BET ta xac dinh s6 mol n, tir gia tri V,, nhu sau:

P 1 c-1P
= + —
V(Ps o P) VmC Vm'C Ps

Phwong trinh nay dwgc &ng dung trong khoang P/P;= 0,05 + 0,35 va C>1
P

Tu cac sé liéu thuc nghiém, xay V(P;-P)
dung biéu dd ma P/V(P,-P) phu thudc vao /
o

P/Pg s€ nhan dugc mot doan théng nhu trén

hinh v€. Khi d6 phwong trinh BET dwgec A
ung dung trong khoang P/P&= 0,05 + 0,35
va C>1

O P/P;



P nghiéng tgo va tung do cta doan thang OA cho phép xac dinh thé tich cua 16p phu
don 16p (16p don phan tr) V,,, va hang s6 C. Ta co:

rog =1
87y ¢ ‘
=>VpvaC = n, = §
Od=——
v,C

Ngoai ra c6 thé tinh C theo cong thuc:

(11 ﬂzj Véi: A, nhiét hip phu don 16p
C=e ™ ,: nhiét ngung tu cua chét bi hip phu

Nghién ctru v6i chit bi hdp phu 13 N, gia tri thuc nghiém cta (A, - A,) trén cac VLMQ

khac nhau la:

- Hop kim Cu : AL -Ay =776 cal/ mol
- Gel Cr,05 : =738
- Cr,05 nung do : = 835
- SiO, : =794

Tém lai phuong trinh BET néi chung déu c6 thé ap dung dé xac dinh S, cua tit ca moi

chit rin trong pham vi gia tri P/P; cua chét bi hép phu=0,05 + 0,35 va héng s6 C>1.
V. Xac dinh dd xdp ciia xic tac

Pé danh gia do Xép clia xUc tac va chat mang, dac biét 1a xic tac va chét mang c6 do Xép
kém, ngudi ta ding phuong phap gan dung. Dung phuong phép nay c6 thé danh gia duoc “do
x6p m&” bang su hap phu nude. DO xp mo 1a dai luong phan do xbp so véi bé mit chung.

Phuong phap duogc tién hanh nhu sau: Can xtc tac rdi dem sdy kho dén khi nao trong
lugng khong d6i. Can phai chinh xac dén 0,01 gam. Sau d6 cho vao chén nung va day bang vai
hay luéi kim loai. Chén duoc nhing vao trong cdc nuée, dun soi trong 2h. Sau d6 mau duge lam

lanh dén nhiét do phong, gan kho trong phéu loc 20 phut.

- Luwong hap phu nudc W tinh theo cong thic:
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w=251"80 ,100%
&o

g;: trong lwong mau sau khi hap phu

g,: trong lwong mau trudce khi hap phu

- Po x6p md duoc xac dinh theo cong thirc:

B=21"80,100%
g, = 8o

g,: trong luong vat thé trong nudc duge can bang thuy luc tinh

VI. Xac dinh mién phan b6 mao quan

Su phan bd mao quan theo kich thudc dong vai tro quan trong trong qua trinh khuéch tan

bén trong cua phan tmg hoa hoc xtc tic. Dé xac dinh phan bé mao quan xuc tac theo kich thudce

thi trudc hét can phai xac dinh kich thudc mao quan cta xuc tac.

Theo phwong phap BJH ap dung cho nhanh Khir hip phu trén dwong ding nhiét, ta

c6 cong thuec:

trong do:

Xac dinh ry:

r=rp+t
r: ban kinh mao quan cua xuc tac ran

1: ban kinh Kelvin dugc xac dinh theo cong thirc

ln(ﬁJ =—f.g.VL.cosﬁ 1)
s ) r..RT
t: chiéu day mang hap phu da 16p trén thanh mao quan
xV,
t=—= 2
S )

x: lugng chat bi hap phu ¢ P/P, twong tng
V. thé tich ctia mot mol chat bi hap phu

S,: bé mat riéng cuia chat hip phu xac dinh theo phuong trinh BET
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1) = = —f.gV, .cos@
R.T.ln(PJ
PS khp

Trong d6:  f: thira s6 phu thudc hinh déng ctia mang
Dé don gian, phuong phap BJH gia thiét ring mang ban cau nén f =2
g: strc cang bé mit cta chit 10ng ngung tu
0: goc tham wot. Pé don gian thuong chon 6 =0 = cosb = 1
Khi g = const, ta c6 su phu thude:

1) G)

AV =V; - V,;; : chénh l&ch thé tich chat bi hip phu & (P/P,); va (P/Py);:

AV: biéu dién sy ting thé tich cia mao quan

Ar =r; -1, : chénh léch dudng kinh mao quan chat bj hap phu & (P/P); va (P/Py)iy

Phuong trinh (3) biéu dién sy phan bd thé tich mao quan ctia chat hap phu.

Hai db thi sau day biéu dién su phan b thé tich mao quan ctua ALO; va SiO,

AV AV
Ar Ar
0 AlLOs 40 SiO,
30
5 20
10
0 50 100 rAY 50 100 F(A9
Puong cong phan bd mao quan ALO; Puong cong phan bd mao quan SiO,
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Trudng hop dbi véi ALO; ¢d 2 cuc dai twong tmg voi dudng kinh mao quan 13 22 A° va

41 A°. Pbi voi Si0, ¢6 1 cuc dai twong tng véi dudng kinh mao quan 13 50 A°.
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CHUONG V: XUC TAC CONG NGHIEP

Xuc tac cong nghiép thuong dung ¢ dang rin hay 1ong, it dung & dang khi. Xtc tac long
thuong 1a xac tac axit hodc bazo 1a loai da co san. Hién nay trong cong nghi¢p, xic tac ran duoc
dung rat nhiéu, dudi nhiéu dang khac nhau, vi vay cac phuong phap diéu ché ciing rat phirc tap.

I. Yéu ciu xic tic cong nghiép
Xdc tac cong nghiép can phai dat cac yéu cau sau:

1/ Hoat tinh cao, 6n dinh (A)

C% C: d9 chuyén hoa (%)
Ext Sxit- sO gam xuc tac

2/ D6 chon loc cao (S %)

A=

san pham chinh
S= - - x 100
tong san pham

3/ Thoi gian séng cia xic tac phai dai

A/

Co nhiing xtic tac cd hoat tinh cao ¢ thoi gian
dau, sau d6 giam xubéng nhanh (vi du nhu
duong 1). Nhu vay khong thé dung trong cong

|

|
nghi¢p dugc. Xuc tac cong nghi€p doi hoi | 1

|

|

|

phai c¢6 hoat tinh cao va dong thoi phai cé thoi

gian song dai (vi du nhu duong 2)

N X Tiv
Thoi gian song !

4/ D6 bén héa, bén co, bén nhiét cao

o Bén hoa: khong bi ngd doc boi chat doc

e Bén nhiét: khong bi pha huy khi phan tng ¢ nhiét d6 cao. Vi du nhu phan tmg cracking
xuc tac , nhiét do 1am viéc cao, khoang 500°C; do yéu cau phai 1am viéc trong mdi truong
nhiét d§ cao nhu vay nén yéu cau xuc tac phai bén nhiét, khong bi von cuc, khong bi dot
nong cuc ba.

e Bén co: khong bi bién dang khi chiu va dap, khong bi cudn theo dong khi. Vi du nhu khi
xuc tac duoc ding trong moi truong dong (tang soi) can phai chiu sirc co hoc cao dé tranh
bi hoa bui; hodc trong 10 phan rng xuc tac tinh nhung van tdc khi phan tng 16n, néu xtic
tac khong bén co hoc sé& bi cudn theo dong khi.
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5/ Xic tac phai dé diéu ché va ¢6 khia ning tai sinh dwoc

6/ Gia thanh heop ly

Xuc tac phai di€u ché tir nhiing nguyén li¢u thong dung va ré tién. Thong thuong van dé
hoat tinh cao va ré tién 1a hai van dé doi 1ap nhau. Khi chon xtc tac can phai quan tdm ca hai
mat dé co hi¢u suat kinh t€ cao nhat.

7/ Xuc tac it doc voi ngwoi

Tém lai, hai tiéu chudn quan trong nhdt doi véi xiic tdc cong nghiép la hoat tinh va Ui
tho xuc tac. Thoi gian xuc tdac lam viéc cang ldu thi gia thanh xuc tdc (va do do gid thanh san
phcfm) cang re. Mot chdt xiic tac ddt tién ma cé thoi gian lam viéc ldu lai ré hon loai xtic tac ré
tién nhwng ¢ thoi gian lam viéc ngan.

Nhitng nguyén nhan chinh lam giam tudi tho xtc tac 1a:

+ ngo doc thudn nghich hodc bat thudn nghich vi cac tap chdt trong chat phan ung hodc
sdan phdm phu
+ bién doi bat thudn nghich trang thdi vat ly, nhw giam bé mat riéng do két dinh hodc do
dé bén co hoc thdp.
II. Thanh phin xiic tac cong nghiép

Trong cong nghiép, chat xic tic c6 thé chi bao gom 1 pha hoat dong xuc tac. Nhung d6
1a trudng hop rat hiém. Vi du ALO; hoic TiO, duoc sir dung riéng 18 dé 1am xuc tac cho phan
ung dehydrat.

Noi chung, xtic tac cong nghiép thuong bao gém 2 hodc nhiéu hop phan dbi khi rat nhiéu
hop phﬁn. Chung dong cac vai tro sau: chit hoat dong xuc tac, chét kich dong xuc tac va chét
mang.

e Chét hoat dong xuc tac : do la chét chiu trach nhiém lam tang tbe do phan ung

e Chit kich dong xuc tac : 1a chat khong c6 kha ning xuc tac nhung nd 1am cho chit xtc
tac phat huy t6i da kha ning xtic tic clia minh.

e Chat mang: 12 phan chira dung cac pha hoat dong xuc tac va pha kich dong xuc tac. Chét

mang gitt mQt vai churc nang sau:
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(0]

Vi du:

Tang dén mirc t6i da dién tich bé mat cua pha hoat dong va kich dong xtc tac nho
ban than chit mang c6 bé mit riéng 16n ma trén d6 cac tiéu phan xtc tac cd thé
phan tan va cd dinh mot cach t6t nhét.

Chét mang gitup cho qua trinh trao doi nhiét thuan loi, khéng gy su qua ndng cuc
bd. Do d6 ngin can sy hinh thanh céc tiéu phan xtc tic 1on tir cac tiéu phan kich
thudc nho.

Chéit mang 1am giam gia thanh cua xtc tac : két qua nghién ctru cho thay, xac tac
chi o tac dung béi mot 16p bé mit ngoai rat mong khoang 200 = 300 A°. Con 16p
xUc tac phia trong chi lam nhiém vu lién két thanh mang ludi tinh thé. Vi vay ta co
thé thay 16p phia trong nay béng cac chét mang ré tién dé ha gia thanh xtc tac.
Chét mang 1am tang do bén hoda, bén co cua xtc tac. Chit mang hip phu chét doc
nén tranh sy ngd ddc xuc tac .

Chét mang 1am thay doi huéng phan Gmg

CH;CH,OH Ciu: CH;CHO + H,
Cu/C* CH,=CH, + H,O

III. Diéu ché xic tac

Xdc tac ran hién nay duoc dung rat phd bién trong céng nghiép, & nhiéu dang khac nhau,

vi vay phuong phap diéu ché rat phirc tap. O day chi néu ra mot s6 phuwong phap chung, cé tinh

chat 1y thuyét vi di vao thuc té con rat nhiéu thu thuat khac méi diéu ché ra duoc loai xtc tac

nhu mong muon.

1/ Xitic tic khong ¢6 chat mang

1.1/ Xuc tac kim loai: c6 2 phuong phap sau

e Phwong phap khw cac oxyt kim loai

(0]

(0]

Tac nhan kht : H,
Kim loai thu duoc c6 hoat tinh cao
Kich thudc hat kim loai phu thudc vao diéu kién khu

D61 vo1 mo1 mot loai xac tac thi diéu kién khir ¢6 thé khac nhau
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Vidu:  Xuc tac Ni: Nio 2y Ni &t=230 = 300°C

Xac tic Cu:  CuO — 2 Cu &t=180 = 200°C
Xic tac Co: CoO 23 Co & t=400°C

o Dbi v6i mot loai xtic tac kim loai ding cho nhitng phan tmg khac nhau thi diéu
kién khtr cling khac nhau
Vi du: phan tng tong hop C¢Hg tir khi tong hop, xtc tac 1a Ni thi diéu kién khir NiO
khong phai 1a 230 + 300°C ma 1a 400 + 500°C.
Nguoi ta giai thich rang: nhiét do cang cao thi nguyén tir O thodt ra ngoai cang khong déu
dan, tao ra nhiing khuyét tat (defaut) s€ tao ra cac electron tu do thi hoat tinh xtic tac cang cao.

e Phwong phap dién héa: tic 1a diéu ché kim loai bﬁng cach dién phan dung dich mudi.
Vi du: diéu ché Ni tir dung dich NiSO, ®+ +®

Phuong phéap nay c6 nhugc diém 14 hoat tinh cua
Ni thap hon so v6i phuong phap khir, do trong I T Y
phuong phap nay cac nguyén tir Ni sau khi hinh SO o
thanh duoc sip xép déu din nén khéng c6 defaut A/Nl
—> khong c6 dién tur ty do. - %

boc Ni

Can chii y rang cdc kim loai sau khi khir rdt hoat déng, néu tiép xiic véi khong khi thi dé
dang bi oxy héa tré lai thanh oxyt. Dé tranh truong hop ndy, nguoi ta thwong tién hanh khi
ngay trong 1o phan iing. Sau khi khi xong thi cho théng N, hodc He dé duéi hét H, va hoi nuéce
ra. Sau do khéng ché nhiét do dén nhiét do phan ung la co thé tién hanh phan ung ngay duoc.

1.2/ Xic tac oxyt

e Xiic tac 1 oxyt: dung phuong phap két tia

+ Cach 1am thong thuong: tir mudi ban dau cho két tia bang bazo = thu dugc hydroxyt

rin = dem nung thanh oxyt
Vi du: Diéu ché ALO, dung Al(SO,); va NH,OH
Phan ing: AlL(SO,); + 6 NH,OH === 2 Al(OH);\ + 3 (NH,),SO,
Két tua hydroxyt thu duoc dem rira ky dé tach ion SO,* , sau d6 dem tao vién bang

phuong phap co hoc. Sau d6 lam kho ¢ nhiét d6 thuong trong 12h; tiép dén siy & 120°C trong

12h. Cudi cung dem di nung:
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tO

2 Al(OH); ALO; +3 H,0

+ Ngoai ra con ¢ mot $b phuong phap khac nhu: diéu ché SiO, tir dung dich Na,Si0; va

H,S0,. Na,SiO; + H,SO0;, == H,SiO\ + Na,SO,
tO

H,Si05 Si0, + H,0

Chii ¥:+ qua trinh két tia phai tir tir, néu téc do két tha nhanh s& mang theo nhitng ion la
vao mang ludi tinh thé cua oxyt. Nhitng ion la d6 c6 thé giup ting cudng hoat tinh xtc tac hoic
1am can tré phan tng tién hanh.

+ S& di phai c6 qua trinh 1am khé, siy réi méi nung vi sau khi tao vién, néu dem di
nung dot ngdt, nudc trong mao quan sé thoat ra rat nhanh 1am v& mao quan, pha hily mang luéi
xuc tac.

e Xic tic 1a hon hop cua 2., 3 oxyt

Pa sd xtic tic gdm nhiéu oxyt. Diéu ché xuc tac ndy bang phuong phap “ddng két tia”.

Céach 1am: tir hdn hop 2 mubi ban dau, cho két tia bang bazo = thu duoc hdn hop 2
hydroxyt rin = dem nung thanh hén hop 2 oxyt.

V6i phuwong phap nay c6 thé diéu chinh ty 16 2 oxyt theo y mudn.

Vi du: Diéu ché xtc tac AlLOs - Cr0;

Hon hop Aly(SO4);  tic nha Al(OH); tao vién ., { ALO;
C ny | en ¢
va Cry(SOy); OH Cr(OH); phéan huy nhu;? xuc tac 1,0,

2/ Xic tac ¢6 chat mang

Céc chit mang thuong dung 13: than hoat tinh, silicagel, oxyt nhom, zeolit...

Tuy tinh chét ciia chit mang va xtic tic ma ta c6 nhiéu cach khac nhau dé dua xtic tac 1én
chat mang.

Thong thuong nguoi ta dung cac phuong phap sau:

2.1/ Phwong phap ngdm: c6 2 cich

* Ngam dwéi ap suit thwong: cho chit mang ngdm vao dung dich mudi xtc tic hodc

dung dich xtc tac & ap suat thuong. Sau d6 dem say khé dé nudc bde hoi, con xuc tdc bam vao

chit mang.
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Nhitng dung dich mudi d& thdm thau nhu mudi NO5, CI, SO,*... ¢6 thé dung phuong
phap nay.

Tuy nhién phirong phdp ndy mdc di don gian nhung xic tdc c6 bé mdt riéng bé, thoi gian
lam viéc ngdn. D6 la do trong cdc mao quan con cé khong khi, xiic tdc khéng thé di vao bén
trong dwoc ma chi phit mét 16p bé mdt bén ngodi, nén bé mdt ciia chdt mang giam di mét cach
dot ngot.

Mudn ting bé mit va do bén co hoc cua xlc tic v6i chat mang thi dung phwong phap

ngim dudi 4p suat chan khong.

* Noam dwdi ap suit chan khong:

Cho chat mang vao binh kin. 22y dung dich xte tie

Pau tién md van (1) dé hut chan khong khoang 2h dén

7 s 9 2 1 bom
ap suat 10° mmHg nham dudi khong khi trong mao quan 16n IXC_——> chan
va bé ra hét. i khong

Sau do6 khoa van (1), m¢ van (2) cho dung dich xuc |

tac vao. Trong thoi gian nay ap sudt chan khéng trong binh
van giir nguyén.

Khi di cho hét dung dich xuc tac vao thi md van (1)
va (2) cho 4p suét trong binh bang ap suit ngoai trdi thi ap |- it mang - |

suat s€ day cac cau tir xuc tac vao chat mang. [

Pé nhu vy trong mot ngay, gan dung dich xuc tac con lai ra va dua di sy kho. Dé tranh
su phan huy nhiét va dé co d6 bén co hoc thi phai sdy tir tir va nhiét d6 khong qua 120°C.

Vi cach chuén bi nay, xuc tac sé ngém déu , bé mit xuc tac béng bé mat chat mang. Do
do6 hoat tinh va thot gian 1am viée ctia xuc tac tang.

Vi du: diéu ché xuc tac Pt/SiO,: ngam silicagel vao dung dich H,PtClg; sau khi dem gan
loc, sdy thi khir bang H, & 300°C va thu duoc Pt/SiOs.

2.2/ Phuong phap dong két tia

Chon chit mang 13 chat d& két tia. Chon tic nhan két tia sao cho hydroxyt ctia chit mang

két tna trudce, lam nhan dé xic tac két tua theo. Sau d6 dem say kho.

Vi du: diéu ché Cr,05/A1,05

Chon 2 mudi Cr(NOs); va AI(NO3);. Cho NH,4OH vio thi AI(OH); két tia trude kéo theo
Cr(OH); két tha theo bam vao Al(OH);; dem séy kho thi thu dugc Cr,03/Al,05.
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Vi du: diéu ché Ni/Al,0;

Cho kiém vao dung dich AI(NOs); va Ni(NOs),. Két tiia thu dugc bao gébm 2 hydroxyt
duoc tao thanh. Sau khi rira, séy ta nhan duoc mdt hon hop AlLO; va NiO. Khir duéi dong H, &
300°C ta dugc Ni/Al,Os.

3/ Cac thao tic chinh khi diéu ché chit mang hoiac xuc tac:

Cdc yéu té tic dong

Hoa tan cac muoi

v

Két tia hodc dong két tia
¢ pH, nong do, nhiét do, ban
chat cac ion, thoi gian

Xt 1y thity nhiét — Lam « chin mudi »
Rura
¢ Nhiét do, do am

Hong kho hodc séy nhe

v

Tao hinh } Hinh kim, hinh cdau, hinh que....

Fommmne- » Say } Nhiét dg, do am

NEAM | oo | co } Bdn chat ion, nong dé, pH, dung méi

A

— Nung } Nhiét do, do am, dp sudt, thoi gian
Hoat hoa

"’:”” \ ’
Xtc tac ngam Xtc tac ket tha

IV. Mt s6 xiic tac va chidt mang thuwong gip

1/ Than hoat tinh C*

1.1/ Cong dung

e Hut chat doc: dung lam mit na phong doc
e Lam sach cac dung moi, dung dich, lam chét téy mau
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e Chéng 6 nhiém moéi truong (chang han sir dung than hoat tinh dé hap phu dau va ling
xudng bién)
e Lam chit mang
1.2/ Diéu ché
Than hoat tinh dugc diéu ché tur cay c¢di hodc xuong dong vat va co nhiéu cach chuén bi
than khac nhau; do d6 than c6 nhiéu do x6p khac nhau, anh huong kha nhiéu dén tinh chat hip
phu va tinh chét chon loc xuc tac.
Qua trinh diéu ché gdm 2 cong doan:

+ Dbt yém khi: dbt so dira, gd trong mdi truong yém khi; san pham thu duoc gdm than thé,
dung mai hiru co (metanol) va axit acetic. Py 14 3 san pham chinh, ngoai ra con mét s6 hop
chét khéc.

+ P6t bang hoi nudce: Sau khi thu than thd, mao quan cta né chua giai phong vi co chira
nhiéu hop chit lignin, hop chat hitu co va nudc nén bé mit riéng rat nho. Do d6 can phai dbt tat
ca cac hop chat nay dé giai phong bé mit riéng cta than.

Than thd dugce dot béng hoi nuéce ap suat cao, nhiét do tir 350 = 450°C s& thu duoc than

hoat tinh. .
than tho vao

dong co

C*ra

2/ OXVt nhﬁm Alez

2.1/ Cong dung

e Lam chat xtc tac (vi du phan ting : CH;CH,OH - C,H,; + H,0)

e Lam chat mang (vi du xtc tac Pt/AL,Os: 1a xuc tac cho qua trinh reforming xuc tac, loai
nay ngay cang dugc sir dung nhiéu va chua cé xtc tac nio thay thé dugc)

e Piéu ché thubc chira da day
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2.2/ Piéu ché: c6 nhiéu phuong phap diéu ché ALO;

1. Tw Al: theo cac budc nhu sau

Al + NaOH + Hzo = NaA102 + 3/2 Hz
NaAlO, + HNO; + H,0 = NaNO; + AI(OH);d

t0

2 AI(OH); = AlL,O; + 3 H,O
Phuong phap nay it dung vi dat.
2. Tir mudi Al
AI(NO); + 3NH,0OH = 3 NH,NO; + Al(OH)3¢
Phuong phap ndy ciing it dugc ding vi phai qua nhiéu cong doan méi diéu ché
duoc y-AlLO5 13 dang can thiét nhat.
3. Tu quang Boxit
Quing Boxit chira thanh phan cha yéu 1a ALO; va c6 cac tap chit nhu SiO,,
Fe,0s, TiO,, mudi cacbonat, cac hop chét hitu co...

Nguyén tic diéu ché AL,Os tir quing Boxit theo phuong phap Bayer:

Boxit nghién nho + Nhiét d6 va ap Léng .
. - P R ng ————p
dung dich NaOH trong suat hoa tan Pha loang Loc cgn

l

San phém Loc, rtra, séy, nung Két tua Axit hda Dung dich
ALO; < hydroxyt nhom Natrialuminat trong

Khi hoa tan quing Boxit bang dung dich NaOH thi céc tap chat hodc khong tan hodc tac
dung v61 NaOH tao két taa nén duoc léng, loc tach ra va thu dugc dung dich Natrialuminat

trong.
4. Tw phén don Alz(SO4)3

Phuong phép nay thu dugc Al,O4 dé, ré.
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Phén don (rén) Hoa tan bing Dung dich phén Oxy hoa baing KMnO,
nudre, lang, loc trong hodc H>0,
Dung dich Lang, loc Dung dich Aluminat hoa
. . 4— N
trong Natrialuminat bang NaOH
Axit hoa bang Loc, say | Al(OH), Nung »| ALO;
H,S0,4

* Chuan bi dung dich phén: Phén duoc hoa tan bang nude véi ty 16 100 = 150g/1 nudc;
sau d6 dé lang, loc liy dung dich trong suét.

* Oxy héa dung dich phén: Dung dich phén trong sudt dugc oxy hoa bang dung dich
KMnO,4 20% (két thic khi dung dich Xuét hién mau héng nhat cua ion MnQy") hodc c6 thé oxXy
hoa béng dung dich H,0, 30% (0,4 lit H,0O, / 100 lit phen trong). Muc dich cua qua trinh nay la
oxy hoa cac ion Fe’" thanh Fe®" dé vé sau loai hét sit khoi san pham.

Phuong trinh phan ung :

MnO; + 3Fe’ + 2H' = MnO, + 3Fe’" + 2 OH

* Aluminat héa: cho tir tir NaOH 20% khéi luong vao trong dung dich di dugc oxy hoa
cho dén khi tan hét két tia tring ctia AI(OH);. Trong qua trinh cho NaOH vao phai khuay déu dé
sau khi két thuc giai doan ndy dam bao pH > 12. Pay 1a diéu kién dé dung dich NaAlO, bén
hon.

Trong giai doan nay ta loai duoc hau hét sit:

Fe’" + 3 0OH = Fe(OH); 4

* Axit héa: Sau khi aluminat hoa xong, dung dich dugc dé ling trong khoang thoi gian
12h. Loc lay dung dich sach. Cho tir tir dung dich H,SO,4 25% va khudy cho dén khi pH = 8,5 +
12. Tiép tuc khuay thém 15 + 20 phut va thu duoc két tia AI(OH)s.
2 NaAlO, + H,SO, + H,0 = 2 AI(OH); { + Na,SO,
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Loc va rira két tiia bang nudc cit nong cho dén khi nude thai 1an cudi khong con ion
SO,*. Piéu nay duoc kiém tra bang dung dich thir BaCl,.
SO + Ba’" = BaSO4 < (két tia mau tring)
Al(OH); thu duogc dem phan tan nho, trai déu trén khay va dem di siy. Ban dau siy ¢
nhiét do thuong, sau d6 siy ¢ 120°C, cudi cing dem di nung.
2 AI(OH); t=0 AlL,O; + 3 H,O

7

Chi y: trong qua trinh thu két tia dé thu duoc két tia sach ta can chu ¥:
+ tranh ngdm qua 1au két taa trong dung dich nudc cai dé ngin chin hién twong hap phu
bé mat 1am ban két tia va tranh su polyme héa dan dén su hinh thanh mot dang thu hinh khac.
+ qua trinh rira khong nén kéo dai qua 1au va phai rira bang nudc cit gia nhiét dén nhiét
do két tia (85°C)
3/ Silicagel  SiO,. yH,O
C6 rat nhiéu loai KCK, KCN ¢6 Syigng = 100 = 200 m*/g

3.1/ Cong dung

- say kho, hat am
- khtr mui
- dung l1am chat mang: thudng dung loai KCK ¢6 S, =200 m?/g
3.2/ Diu ché:
C6 nhiéu phuong phap diéu ché Silicagel nhu:
- thuy phan tetraclorua silic SiCl, ﬂ» Si0,
- oxy hoa Silan SiH, ﬂ, Si0,
- Bién phan Silicat Natri Na,SiO; (thuy tinh 16ng)
- Trao d6i cation: cho Na,SiO; qua cdt ¢ chira cation dang H
Cac phuong phap trén dung trong phong thi nghiém hodc trong san xuat nho.
Trong san xuét cong nghiép, phuong phap diéu ché Silicagel tot nhat 13 dung Na,SiOs
cho tdc dung vo1 axit hoac mudi cta axit d6. Vi du nhu H,SO,4 hodac Na,SO,4, nhung Na,SOy it

dung vi phan trng x4y ra cham hon so v&1 H,SO,.
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HzSO4 =+ NaQSiO3 —> Nast4 + stlO?, \L
Na,SOy,: tan dung trong san xuat cao su hodc xa phong

H,S10; tao thanh duogc dong tu va hinh thanh két tua keo, sau d6 dem nhiét phan tao ra
SiOy: H,Si0;  3%°C , Si0, + H,0

*Sg dd cong nghé sin xuit Silicagel hat ciu:

10
11

H,0 4 H,O

Nl F f T

A Sy
1. bé chura axit 8, 14. thung cao vi chira axit, natri silicat 18. bé rira hat gel
2. bom axit 9, 13. binh dinh muc axit, natri silicat 19. bom natri silicat
3. bé chira nudc 10, 12. dung cu do luu lugng axit, natri silicat ~ 20. bé chura natri silicat
4. bom nudc 11. mo to
5. cOt chira dau 15. thiét bi tao hat gel
6. clra quan sat 16. bé chura hat gel
7. dng thuy 17. sang dung hat gel

Natri silicat va axit H,SO,4 ¢6 ty trong d = 1,17 va d = 1,03 tuong ung dugc chdy tur cac
binh dinh muc 9 va 13 qua cac luu luong 8,4 I/h va 7,5 /h vao thiét bi tao hat 15 nhd canh
khudy inox véi toc d6 khudy 800 vong/phit. Hon hop chay qua voi tao hat va roi tu do vao cot

chira dau 5 v6i chiéu cao 2,2m. Tai day, hat gel cau duoc hinh thanh va nhé bom 4 chuyén dén
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bé 16. Hat gel duoc giir lai trén sang 17, sau d6 duoc rira sach va siy theo ché do thich hop (20
+120°C) trong 8h va & 120°C trong 3h.

Sau d6 dem nung & 500°C (Silicagel s& bi phan huy & 700°C) thi thdy hién tugng

silicagel tir mau vang thanh mau tring dyc roi thanh mau nau den (do dau bj chay), nung dén khi

hat silicagel c6 mau trang trong 1a dugc. Tai day do bé mat riéng 14 cao nhét va hat silicagel

khong con dau.

Tac dung ctia cot dau: qua 16p dau hat silicagel duoc vubt tron va ling xudng.

* C4c yéu t anh hudng dén qua trinh diéu ché silicagel:

- pH: & cac diéu kién pH khéac nhau, hat silicagel thu duoc c6 nhitng tinh chat khac nhau.

Nguoi ta thuong diéu ché SiO, & cac diéu kién pH =7 hoac pH = 6,5 + 7 hoac pH = 10.

- nhiét do : nhiét do phong hodc ¢ 50°C

- ndng d6 va ty 18 gitta Na,SiO; va H,SO,

* Pac diém cua Si0, & nhitng di€u kién khac nhau:

pH 7 6,5+ 7 10
S, (m%/g) 283 613 622
irung binh (A°) 50 18 16
Vig xép (cm’/g) 0,14 0,38 0,88
Kha nang hat nudc
Véi dd Am méi trudng 100% 68 67 37
Véi d6 4m moi trudng 70% 35 32 30
Kich thude hat (mm) 4 4 4
Do bén ctia hat 7,1 10 7

4/ Zeolit

4.1/ Cong dung:

Zeolit 13 mot vat lidu v6 co mao quan dugc ing dung rat nhiéu trong cong nghiép Loc -

Hoa dau.
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Vao khoang nhitng nim cudi thap ky 60, dau thap ky 70, cdc nha bac hoc My di tim ra
mot loai dat sét moi va khi phan tich thi thdy khac dat sét vo dinh hinh thong thudng ma c6 su
két tinh dong déu, c6 nhiéu tinh chit wu viéc va dat tén 1a zeolit.

Zeolit 14 mot aluminosilicat tinh thé. Trong thién nhién c6 khoang 40 loai zeolit dugc
phat hién. Song cac tmg dung quan trong trong hap phu, tach, loc, xtc tic ... chil yéu nhd vao
cac zeolit tong hop nhan tao. Ngay nay ngudi ta di tong hop dugc khoang 200 loai zeolit. Tuy
nhién ciing chi mot sé it trong d6 c6 ing dung cong nghiép.

Nhiing cong dung chu yéu cua zeolit 1a:

=  dung lam rdy phan tu : c6 tac dung chon loc nhiing phan tir ¢6 kich thuéc bé hon

hay bang kich thuéc 16 mao quan, dugc ing dung nhiéu trong hoa hitu co.

= dung dé loc nudc bién thanh nude ngot: bang cach gitr lai cac phan tir NaCl

= dung 1am tac nhan xtr 1y cac kim loai trong nuéc; dung dé loc nude duc thanh nuéc

trong; dung dé loai NH; trong nudc thai.

= dung lam chét xuc tac : dung nhiéu nhit trong cac phan tng cracking. Zeolit dang

HLaY la xtc tac cracking chu yéu cua cong nghiép Loc dau. Hing nim nguoi ta st
dung luong xtc tic d6 véi sb lugng khoang 300 000 tan/nam.

= dung lam chat mang cho céc loai xtic tic khac.

= dung lam chat mang phan bon trong nong nghiép

4.2/ Chu tric cua zeolit

Pon vi co ban cua moi zeolit 1a tir dién TO, bao gém 1 cation T (Si, Al) dugc bao quanh
boi 4 ion O, Néu T 1a Si** thi tr dién SiO, trung hoa vé dién tich; néu T 1a cation hoa tri 3
thong thuong la A" thi to dién AlO, mang mot dién tich am. Sy du thira 1 dién tich &m nay
duoc bu chinh béng mot cation hoa tri 1, dugc goi la cation bu trir hay cation ddi. Khi do mang
ludi tinh thé cua zeolit s& duoc cin bang. Cation bu trit cling c6 thé 1 cation héa tri 2, chang han

nhu Ca*".

(@) (@)
Si AP

Tir dién SiO4 Tt dién AlOy 28



Cong thire tong quat cta cac zeolit duoc biéu dién nhu sau:
Meyn (AlO,), (Si0,),.z H,O
Trong d6: X, y, z la cac hé sb twong Gng
n 13 hoa trj cta cation bu trir (Na*, K, Ca”")

Cong thirc cdu tao cta cac zeolit:
0] 0] 0] 0] 0] O

Na NG NG NG NS
Y AN N SN ZE AN

O 0]0) 010 00 010 O

Céc dac trung co ban cua zeolit 1a cac ki€u cau tric tinh thé, cau tao hinh hoc (cach sap

xép cac tir dién, thé tich 16 xdp, kich ¢ cac kénh, rinh, cic hoc 18); ty sd Si/Al (hodc

Si0,/ALLO5) va cic cation bu trir (Na™, K*, Ca*"...)

Céu trac khong gian 3 chiéu cua zeolit dugc hinh thanh bai su ghép ndi cac tir dién TO,

tao thanh cac vong 4, 6, 8, 10 hodc 12 canh hodc hinh thanh cac vong kép 4x2 hoac 6x2 canh tao

ra mot hinh 18p phuong hoic mét ling tru 6 canh. Pay 1a nhitng don vi cdu trac thu cip

(Secondary Building Units - SBU). Nhitng SBU s¢€ hinh thanh khung cua zeolit.

[ ]

4-4 6-6

4-1 5.1 4-4-1
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Hinh : Céc don vi ciu triic thiv cdp SBU ciia zeolit

Tuy thudc cach ndi ghép cuia cac SBU s& hinh thanh cac loai zeolit ¢6 cdu trac tinh thé

khac nhau va tir d6 hinh thanh cac loai zeolit khac nhau.

Chéng han nhu sy hinh thanh céc loai zeolit A hodc X hodc Y dudi day:

! |
—— 8 --""'?h"‘
a

1 \
o 3 -
‘ " —
| X -y N
- L] |

Sodalif

Né&i qua mat 4 conk

Zeclit kiél X tv)

Hee Jon
Hinh : Cdc don vi céu triic thiv cdp (co ban, thir cdp) va

cdch ghép néi giira chiing dé tao ra zeolit
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Neéu cac bat dién cut (cubo - octadre) dugc no1 véi nhau qua mat tir dién ching ta s€ dugc
zeolit co cau truc tinh thé ki€éu A con no1 vo1 nhau qua mat 6 canh s€ dugc zeolit kiéu X (hoac

kiéu Y).

4.3/ Phan loai zeolit

4.3.1/ Phan loai theo kich thwdc mao quan

Duya vao kich thudc mao quan nguoi ta chia ra 3 loai zeolit:
Zeolit mao quan rong: dudng kinh mao quan tir 7 + 8 A°
e Zeolit mao quan trung binh: dudng kinh mao quan tir 5 + 6,9 A°
e Zeolit mao quan hep: dudng kinh mao quan bé hon 5 A°

Theo cach phan loai nay, tuy thudc vao sb t dién TO, hinh thanh ctra s6 mao quan,

ngudi ta phan chia mot s6 zeolit theo kich thudc mao quan nhu sau:

S6 nguyén tir O trong 1 cira s6 | Pudng kinh mao quan Loai zeolit
(A®)

8 (mao quan hep) 4,3 A, Erionit

10 (mao quan trung binh) 6,3 ZSM-5, Ferrierit

12 (mao quan rong) 8 X, Y, Mordenit

4.3.2/ Phan loai theo thanh phin héa hoc

Nguoi ta c6 thé sap xép theo thanh phan hoa hoc :
e Zeolit ngheo silic (Si) hodc giau nhom (Al)
e Zeolit trung binh silic (Si1)
e Zeolit giau silic (S1), dic bi¢t ¢6 loai zeolit khong c6 nhdm, goi la silicalit.

Theo quy tic Loweinstein x4c dinh rang: 2 nguyén tir Al khong thé tn tai lan can nhau,
nghia 14 trong cAu trac zeolit khong thé ton tai cac lién két Al-O-Al ma chi c¢6 cac lién két Si-O-
Al hoac Si-O-Si.

Noi cach khac khong tdn tai loai zeolit co ty 1€ Si/Al<1 ma chi ton tai loai c6 ty 1€ Si/AI> 1.

Theo thanh phan hoéa hoc, ngudi ta phan thanh 6 loai sau:

4.3.2.1/ Zeolit nghéo Si giau Al
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Pay 1a loai zeolit co ty 1& Si/Al x4p xi bang 1. Theo quy tic Loweinstein thi ty 1& Si/Al=1
la gidi han dudi. Pay 1a loai zeolit ¢6 chira lugng cation bu trir cuc dai; c6 nghia 1a n6 c6 dung
luong ion trao ddi 16n nhét so vai cac loai zeolit khac. Trén thi truong hién nay tdn tai cac dang
zeolit giau Al sau:

- Zeolit kiéu A: co Si/Al=1, ton tai dudi 3 dang:
+ Loai 3A: c6 dudng kinh cira s6 mao quan bang 3A° va cation bu trir 1a K
K K

| |
—-Si—Al-Si—-Al-Si-

+ Loai 4A: c6 dudng kinh ctra s6 mao quan bang 4A° va cation bu trir 1a Na”*

Na Na
\ |

—-Si—Al-Si—Al-Si—
+ Loai 5A: c6 dudng kinh ctra s6 mao quan bang 5A° va cation bu trir 1a Ca**

(Ea

-Si—-Al-Si—-Al-Si-

- Zeolit kiéu X (thudc ho Faujazite): c¢6 Si/Al=1,1 + 1,2. Chang han nhu loai NaX c6
duong kinh mao quan 16n hon 8A°.

4.3.2.2/ Zeolit c6 ham lwgng Si trung binh

Loai nay co ty 1&€ Si/Al > 1,2.
Thuc nghiém ching to rang, ty 1& Si/Al cang cao thi kha ning bén nhiét cua zeolit cang

cao. Trong ho zeolit ndy ngudi ta c6 thé ké dén cac loai sau:
e Zeolit kiéu Y (thudc ho Faujazit) : ¢6 Si/Al = 2,5
e Zeolit Mordenite : Si/Al =5
e Zeolit Erionite : Si/Al = 2,85
e Zeolit Chabazite: Si/Al = 2,15
4.3.2.3/ Zeolit giau Si
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Do 1a cac zeolit thudc ho ZSM dugc phat hién boi hang Mobil Oil, ¢6 ty 1€ Si/Al thay doi
tir 10 + 1000.

Ngoai ra con c6 nhiéu zeolit tong hop khac c6 ty 18 Si/Al cao dugc téng hop nhd sy ¢o
mat cua chat tao cdu trac (template), thuong 13 ho amin bac 4: R,;N™.

4.3.2.4/ Ray phan tw zeolit

bay la vat liéu co cAu truc tinh thé va ciu tao hinh hoc tuong tu nhu aluminosilicat tinh
thé (tic zeolit thong thuong) nhung hoan toan khong chira Al ma chi chira Si.
Nsi 7 Nsi 7 Nsi 7
Do do vat liéu nay co6 hoat tinh xtc tac khong cao vi khong chira cac cation bu trir dién
tich nén hoan toan khong c6 tinh chét trao d6i ion va rat ky nudc, néu c6 nude thi cu tric s& bi
phéa v ngay.
bay cling 1a vat li¢u duoc téng hop nho sy ¢6 mat cua chét tao khung.

4.3.2.5/ Zeolit giau Si da tach Al (désalumination)

Biang cic phuong phap “sau tong hop”, nguoi ta co thé bién dbi thanh phan hoa hoc cua
zeolit. Mot sb phan g hda hoc co thé tach Al khoi mang ludi tinh thé va thay vao d6 la Si hoac
nguyén t6 hoéa tri III hodc IV khac. Phuong phap nay duoc goi 1a phuong phap “loai nhom” tirc
la désalumination.

Thong thuong nguoi ta dung zeolit X hodc Y c6 ty 1€ Si/Al = 1,2 + 2,5; sau khi loai Al thi
thu duogc zeolit gidu Si co ty 18 Si/Al < 9. Vi phuong phap nay néu zeolit thu duge c6 ty 16
Si/Al > 9 thi s& pha v& mang luéi tinh thé cia zeolit.

4.3.2.6/ Ho zeolit aluminophotphat

Gan day c6 mot ho chdt rdn méi c6 ciu trac tinh thé tuong ty zeolit goi la
Aluminophotphat (AIPO) da dugc phat minh boi cadc nha nghién ctru cua Lién hi¢p Carbide trén
co s& cac nguyén to 1a Al va P.

Vit li¢u nay khong duoc cAu tao tr cac tir dién SiO4 va AlO,” ma duoc ciu tao tir cic ta
dién AlO, va PO, theo ty 1¢ 1:1 nén trung hoa vé dién tich.

V& ciu trac trong ho nay co loai AIPO-5 c6 cau trac hinh hoc tuong tu ho Faujazit va loai

AIPO-11 ¢6 ciu tric hinh hoc tuong tu zeolit ZSM-5.
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Céc dac trung co ban cua cac AIPO la déu co ty 1¢ Al/P = 1, khong c6 mat ctia cacbon bu
trir, khong c6 kha ning trao ddi cation va vi vay khong c6 tinh xtc tac.
Céc bién tudng ciia AIPO 1a SAPO va MeAPO.

- SAPO: khi dua vao AIPO mét luong nho Si dé thay thé P thi vat liéu thu duoc goi 1a
SAPO v¢i khung dién tich am va do d6 c6 kha ning trao ddi cation.

- MeAPO: néu dua cac nguyén td khac nhu Co, Mn, Fe, V, Ga... vao SAPO thi nhan duoc
ho ray phan tor méi, ky hi¢u 1a MeAPO, kém theo do 1a su thay ddi tinh chét axit - bazo, oxy hoa
khtr cia vat liéu. V& cdu tric hinh hoc cac vat liéu Co-APO, Mn-APO, V-APO ¢6 céu tric
tuong tu AIPOs, AIPOy;, AIPO,;, AIPO;;.

4.4/ Téng hop zeolit

- Nguyén liéu tong hop zeolit:
+ hydroxyt kiém (NaOH, KOH)
+ hop chat ciia Al: dung dich NaAlO,, AlL,(SOy); ...
+ hop chat cua Si: dung dich Na,SiOs ...
+ nudc
+ chét tao céu trac
Céc ciu tir ndy dugc cho vao theo ty 1¢ xac dinh dé hinh thanh gel. Khi thay d6i moi
truong phan trng s€ anh hudng dén ban chat cua zeolit tao thanh.

- Qué trinh téng hop zeolit c6 thé dwge mé ta trén hinh nhu sau:

[ tdooar | Mguén SI, Al (P, Ga, Fs, Ge, B..)
! h-:,uyffn ligu i' Céac ion khac
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Tir ngudn nguyén liéu Al va Si ban dau trong 2 dung dich riéng 1¢ (dung dich qua bao
hoa), gel aluminosilicat hydrat duoc hinh thanh ngay khi tron 14n do su ngung tu cia cac lién két
=Si—OH va =AI-OH d¢ tao ra c4c lién két méi Si—O—Si, Si—O—Al du6i dang vo dinh hinh.

Sau d6 gel dugc hoa tan dudi cac tic nhan khoang hoa (F7, OH") dé hinh thanh cac don vi
ciu trac thir cip SBU. Dudi cac diéu kién thich hop (chat tao ciu trac, nhiét do, ap suét ...) cac
SBU sé& lién két v6i nhau tao ra cdc mam tinh thé; tiép theo 1a sy 1én 1én cua cdc mam do tao
thanh céc tinh thé zeolit hoan chinh.

Bang sau dua ra nhirng diéu kién dé tong hop zeolit X va Y:

Zeolit Na,O S10, H,0 t (°C) 7 (h) S1/Al
X 3,6 3 144 100 7 1
Y 8 20 320 100 7 2,5

(mol chat phan tng / mol Al,O5)

4.5/ Cac tinh chit co ban cua zeolit

4.5.1/ Tinh chét trao ddi cation

Kha ning trao d6i cation 13 mot trong nhing tinh chat quan trong cua zeolit. Do cdu tric
khong gian 3 chiéu bén viing nén khi trao d6i ion, cac thong s6 mang ctia zeolit khong thay doi,
khung zeolit khong bj thay doi. Pay 1a dic tinh quy bau ma nhya trao doi ion hodc cic chét trao
d6i ion v co khac khong co dugc

Zeolit c6 kha nang trao d6i mot phan hodc hoan toan cation bu trir Na* hodc K™ bang:

- céc cation kiém khéac hodc bang céc cation kim loai kiém thd cho phan tng bazo

- cac ion kim loai chuyén tiép hoéa trj 2 hodc hoa tri 3 nhu cac kim loai dat hiém (Ce, La...)
cho cac phan ing oxy hoa khir

- cac axit chuyén sang dang H' cho cc phan (mg can xuc tac axit

4.5.1.1/ Sw phan bb cic cation trong zeolit

Su phan bd céc cation trong zeolit duge mé ta trén hinh duéi day:
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- & vi tri I cation nam sdu nhét trong zeolit, trong ctra s6 hep nhat (I: 1a tAm cia lang tru 6
canh)
- & vi tri II: cation nam trong cira s6 rong hon (II: 1a tAm ctia bé mit 4 canh)
- & vi tri III: cation nam trong cira s6 rong nhat
- cac vi tri I’, II” 13 anh cua I va Il qua mot guong chiéu va nam trong cira s6 bé hon ctra s6
cua vi tri II va III.

Trong céc vi tri trén thi vi tri [ 12 vi tri kho trao ddi cation nhét, chi nhirng cation nao da

loai nuéc (dehydrat) méi c¢6 kha ning lot vao dé thay thé.

Do do6 qua trinh trao doi cation c6 thé dién ra theo so do sau:

- H,0 - H,0
S, Sm &=——=Sr, S ===
+ H,O + H,O
Su phan bé cac cation anh hudng rat 16n dén qua trinh trao d6i cation cua zeolit va tinh
chat 1y hoa cua zeolit , nhit 14 tinh chat xuc tac.

4.5.1.2/ Qua4 trinh trao ddi cation

* Khi xay ra qua trinh trao d6i cation thi duong kinh trung binh cta cic mao quan zeolit
tang 1én. Chéng han nhu 1 cation Ca®" s& d6i duwoc 2 Na'; 1 La®" s& d6i duoc 3 Na” thi sb cation

s& b6t di va dudng kinh trung binh ctia mao quan ting 1én. Hodc khi 1 H' trao ddi v6i 1 Na' thi
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khong nhirng tinh axit cua zeolit taing 1én ma duong kinh trung binh cua mao quan cling ting,
bo1 vi kich thude cia nguyén tir H nhé hon kich thudce cua nguyén tir Na.

* C6 rat nhiéu yéu t6 anh hudng dén véan toc va ty sb trao doi cation trong zeolit , co ban 13
cac yéu td sau:

- ban chét cation trao di: dién tich, kich thudc cation & trang thai dehydrat va hydrat hoa

- nhiét do moi1 truong phan tng

- ndng d6 cation trong dung dich

- ban chét anion két hop véi cation trong dung dich

- dung moi1 hoa tan cation, thuong dung méi la nudc nhung c6 truong hop dung moi 1a hop

chat hiru co.

* Qua trinh trao ddi cation trong zeolit dugc thuc hién nho vao cac cira s6 mao quan, vi vay
duong kinh mao quan anh hudng rat 16n dén hiéu suat trao doi ion.

Béang dudi day trinh bay hi¢u suat trao doi cation ctia mét vai loai zeolit phu thudc vao

kich thuéc mao quan, ty 1& Si/Al. Hiéu suit trao ddi cation la s6 mili twong dwong Na* trén

gam zeolit (m equi Na'/g).

Zeolit Kich thuéc mao quan Ty I¢ Si/Al m equi Na'/g

(A°x A°)
Sabazit 3,7x4,2 2 4,9
Clinoptilotit 4,0x5,5

44x72 5 2,6
Cromit 3,6 x5,2 3 3,8
Ferrierit 43x5,5

3,4x4.8 5 2,4
4A 42va22 1 7,0
KL 7,1 3 3,8
Mordenit 6,7x7 5 2,6
X 7,4 1,2 6,4
Y 7,4 2,5 4.4

Hiéu sudt trao doi cation ciia mot vai zeolit

Tir bang nhan thay rang:

- zeolit co ty 18 Si/Al cang bé (ttrc giau Al) thi hiéu suat trao doi cang 16n (vi c¢6 nhiéu Na")
- zeolit c6 cung ty 1 Si/Al nhung c6 duong kinh khac nhau thi higu suét trao doi cling khac
nhau.
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* Bén canh hi€u suat trao doi, van toc trao doi cation phu thudc vao duong kinh mao quan
va kich thudce cation. Van toc trao doi 16n khi kich thude cation bé va duong kinh mao quan 16n.

Khi cation 16n hon duong kinh mao quan , sy trao ddi co thé dién ra cham trén bé mat cua zeolit.
Qua trinh trao d6i cation c6 thé chia thanh 2 giai doan:

- Giai doan 1: tbc d6 trao ddi twong ddi nhanh tir % cation trao doi
0 + 70%, tai nhitng vi tri twong dbi d& trao doi va

xay ra ¢ diéu kién binh thuong, c6 pH=7 + 10.  90%------=--==-==----—==
- Giai doan 2: tir 70% tr& 18n su trao d6i kho hon
va do d6 toc do trao d6i chdm hon, phai xtr ly 70%[~="""""""==>
nhiét mot thoi gian rOi rira va tiép tuc xur 1y nhiét,
rira thi mire do trao ddi dat cuc dai 13 90%.

Va qua mot thoi gian dai, khoang 1 ndm tr¢é 1€n,

cation bu trur tir vi tri I s€ chuyén dan ra vi tri 11
va 11, khi d6 muc do trao d6i sé dat duoc 100%.

Miic @6 trao doi cation

4.5.2/ Tinh chat xtc tic

Zeolit duge coi 1a mot xuc tac axit ran. Tinh chat axit cua zeolit dua trén 3 yéu tb:
- cdu trc tinh thé va mao quan ddng nhit cta zeolit. Chi c¢6 nhimg phan tir ¢ kich thudc
thich hop méi c6 thé tham gia phan Gmg
- su ¢6 mat cua cac nhém hydroxyl axit manh trén bé mit zeolit dang H-Z. Cac tam axit
manh d6 13 ngudn tao ra cc ion cacbonium cho cac phan tng theo co ché cacbocation
H

|
Si—-0..Al

- su ton tai mot dién truong tinh dién manh xung quanh cac cation co thé cam ung kha
ning phan tmg cta nhiéu chat tham gia phan tng. Do d6 hoat tinh xic tac cta zeolit phu thudc
manh vao ban chét cation, vao do axit ciia cic nhom hydroxyl bé mat.

Vidu: Me hip phu (n+1) phéan tir H,O bién thanh :

Me(OH),. H,O +nH"
Céc proton H' két hop v6i O clia mang ludi hinh thanh nhém OH 14 tAm axit Bronsted.

Néu Me c6 hoéa tri +1: thi qué trinh nay khong xay ra vi truong tinh dién cua Me"' yéu
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Néu Me c¢6 hoa trj +2, +3: s& tao ra truong tinh dién manh, hinh thanh nhiing trung tam

OH la nhiing tam axit Bronsted.

4.5.3/ Tinh chét chon loc hinh dang

Mot phan tir phan tng trén zeolit phai thuc hién cac budce sau:
e Khuéch tan dén bé mit cua zeolit
e Di vao mao quan qua cac ctra sd va khuéch tan dén trung tam hoat dong
e Hap phu vao bén trong mao quan trén trung tim hoat dong va hinh thanh hop chét trung
gian cua phan ung
e Thyc hién phan Gng tao san phim
e Khir hip phy va khuéch tan san phim ra ngoai mao quan
Nhu vay su khuéch tan chat phan tmg va san pham trong mao quan zeolit dong mot vai
trd quan trong trong phan g xtc tac, va vi vdy anh huéng dén van téc phan ung ciing nhu sy
phan bd san pham. Piéu nay chimg t6 van toc phan tng khong nhitng phu thudc vao hoat tinh
cua trung tdm hoat dong ma con phuy thudc vao kich thudc mao quan cd chtra trung tdm hoat
dong, kich thude va hinh dang cta phan tir. Néu kich thudc dong hoc cac phan tir bé hon kich
thudc mao quan thi c6 thé vao trong mao quan va gip trung tdm hoat dong. Tinh chdit nay goi la

tinh chon loc hinh dang.
Véi mot hé mao quan dong nhat c¢6 dudng kinh nho hon 10A°, cac zeolit thé hién tinh

chon lgc hinh dang rat ca0.C6 3 hinh thirc chon loc hinh dang la:
e Chon loc hinh dang d6i véi cac chit tham gia phan Gng
e Chon loc hinh dang d6i véi san phdm phan Gng
e Chon loc hinh dang ddi véi cac san pham trung gian

4.5.3.1/ Chon loc chit phin Gng

Trong mot hdn hop cac chat phan tng, chi nhitng phan tir ¢6 kich thuéc nhé hon kich
thudc mao quan méi duge dinh vi trong mao quan va duoc chuyén héa. Nhitng phén tir c6 kich
thudce 16n hon thi khong ¢ kha nang nay.

Ching han phan tng ctia hdn hop n-hexan va i-hexan trong zeolit 4A: thi chi n-hexan
moi bi cracking, con i-hexan khong thé di dén tam axit trong mao quan.
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tam xuc tac
A

n-hexan

NN A —

i-hexan \/

4.5.3.2/ Chon loc sin phAm phan #ng

Kiéu chon ndy xuit hién giira nhitng san pham hinh thanh trong phan tng, nhimng san
pham nao c6 kich thuéc phan tir nho hon kich thude cira s6 mao quan méi coé thé khuéch tan ra
ngoai hé mao quan. Piéu nay dugc thé hién rd trong cic phan tng alkyl hoa hydrocacbon thom.

San pham d6ng phan para c6 toc dd khuéch tan nhanh bao gid ciing chiém ty 18 cao hon so véi

cac san pham dong phan octo va meta trong hdn hop san pham.

7

CH3

CH;OH + @ —> —@— —> —@— + H,O

T

4.5.3.3/ Chon loc sin phim trung gian

Hién tuwong ndy xay ra khi mot vai phan tng bi ngin can do kich thudc ctia hop chat

trung gian khong phu hgp voi kich thudc mao quan cua zeolit.
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Toém lai, su khuéch tan phéan tir dong mot vai trd quan trong dén van tdc phan tmg, dén sy
phan bd san pham phan Gng. Nhitng phéan tir phan tng c6 kha ning khuéch tan 16n s& phan tng
bén trong cac kénh ranh, nhitng phan tir khuéch tan cham s& phan tng trén bé mat bén ngoai cua
zeolit. Tuwong ty nhitng san pham co6 kha ning khuéch tan 16n s& giai hip nhanh ra khoi cac kénh

ranh trong zeolit.
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