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Chuong 5
Trung ngung cin bing

5.1. Sw khac nhau giira phan &ng trung hgp va trung ngung

Trung ngung 13 phan tGng két hop ctia nhiéu phan tir monome tao thanh san pham
chinh 1a polyme va kém theo sy tach ra cac san pham phu cé phén tir luong thip nhu H,O,
HCI, NHs,... Pay 1a phuong phap quan trong thtr hai ma nguoi ta sir dung dé tong hop cac hop
chat cao phan tir.

Piéu kién d¢ monome tham gia phan tng tring ngung
Xét 2 phan ng sau :
1. Phan ung este hoa tir CH;COOH va C,HsOH
CH;COOH + C,HsOH S CH;-COO-C,Hs + H,O

Phéan ung este hod néu trén tir 2 hop chat chi c6 mot nhom chire, san pham tao thanh
(axetatetyl) khong the phat trién kich thudc duoc, nghia 1a khong tao dugc san pham polyme.

2. Phéan tmg gitta HO-CH,-CH,-OH va HOOC-C¢H4-COOH
HO-CH»-CH»-OH + HOOC-C¢Hs-COOH S HO-CH,-CH,-O-CO-C¢H4-COOH + H,O

Néu trong hé phan tng con cac chat ban dau thi phan tmg sé tiép tuc xay ra véi hop
chit vira dugc tao thanh dé phat trién kich thudc ctia san pham, nghia 1a cubi cung c¢é thé thu
dugc hop chit polyme. S¢ di nhu vay 1a vi hop chat dugc tao thanh luén ludn ton tai hai nhom
chirc dau va cudi mach nén cé thé phan tng tiép tuc véi cac chat ban dau dé phat trién kich
thude cua san pham.

Qua 2 vi du trén ching ta rit ra dugc diéu kién dé monome c6 thé tham gia phan tng
trung ngung d6 1a : Muén thuc hién phan tng tring ngung thi cic monome tham gia phan Gmg
phai chua it nhét hai nhém chtc (hay con goi la monome da chuc), vi du: HOOC-R-COOH,
HO-R-OH, H,N-R-COOH ...

Khéac v6i phan tmg tring hop, mét xich co so clia polyme tring ngung c6 thanh phan
khac voi thanh phan cuia monome ban dau

Vi du: Phan ung trung ngung cla axit aminoenantic

nH,N-(CH,),-COOH & H-[HN-(CH,)s-CO],-OH + (n-1)H,O

- Thanh phan ctia monome : H,N-(CH,),-COOH

- Thanh phan ctia mét xich co sd : [-HN-(CH,)s-CO-]

Phan Ung trén chi xdy ra voi mdt loai monome dugc goi 1a phan tng don trung ngung.
Tong quét: nX-A-Y S X-(A-Z)u-A-Y + (n-1)a

Z : phan con lai khi hai nhém chire X va Y twong tac voi nhau tach ra hop chét thap
phan tu a.

Néu phan tng xay ra tir nhiéu loai monome khac nhau thi goi 13 phan tng dong tring
ngung.

Vi du phan tmg dong tring ngung giira etylenglycol va axit terephatalic:
nHO-(CH,),-OH + nHOOC-C¢H,-COOH & H-(O-CH,-CH,-OCO-C¢H4-CO-),-OH + (2n-1)H,O
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Téng quat: nX-A-X + nY-B-Y § X-(A-Z-B-Z),,-A-Z-B-Y + (2n-1)a

Phan ung trén day xay ra voi nhitng monome chira hai nhom chirc nén mach chi phat
trién theo hai ‘hudng trén mot duong thing va cudi cung ta thu dugc polyme c6 c4u trac mach
thang. Con néu phan ng trung ngung xdy ra gitra cac monome c6 nhiéu hon 2 nhém chirc thi
thu duoc san pham co cau trac khong gian ba chiéu.

Vi du: Xét phan ing trung ngung gilra glyxerin va axit terephtalic

nCH,-CH-CH, + nHOOC-C(H,-COOH S
]

OH OH OH
OCO-C¢H,-OCO
| |
~ ...-0-CH,-CH-CH, CH,-CH-CH,-O-...
| |
0-C=0 0-C=0
| |
0-C=0 0-C=0
| |
...-O-CH,-CH-CH, CH,-CH-CH,-O-...

| |
OCO-C¢H,- OCO

* 86 nhém chirc trung binh

Trong qua trinh tring ngung noi chung c6 nhiéu loai monome tham gia phan ung va
s6 nhom chirc ¢6 mat trong trong mdi phéan tir monome c6 thé khac nhau. Vi vy nguoi ta dua
ra khai niém s6 nhom chire trung binh, ky hiéu 1a f. S6 nhém chirc trung binh 1a s6 nhém chirc
ma modi monome trong hé phan tng cé.

Neéu goi n; 1a s6 mol monome c¢6 fi nhom chirc thi s6 nhom chure trung binh dugc tinh

theo biéu thurc:
f= E nifi
] -

Vi du: Mot hé phan tng ddng trung ngung c6 2mol glyxérin, 3mol axit terephtalic
(HOOC-C¢H4-COOR) thi s6 nhom chirc trung binh f la:

23432
2+3

5.2. Chiéu hwéng phan \ing ciia cac hop chit da chirc

=24

Trong qua trinh thuc hién phan ng trung ngung cua cac monome da chuc (co tu 2
nhom chirc trd 1én) thi vé nguyén tic trong hé c6 thé xay ra dong thoi hai loai phan tmg, d6 1a
phan ng tring ngung va phan tng tao hop chit vong.

Vi du khi tién hanh tring ngung H,N-R-COOH, thi xay ra hai loai phan tng:
1. Phan vng trang ngung : tao thanh san phim polyme
nH,N-R-COOH & H-(-NH-R-CO),-OH + (n-1)H,O
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2. Phan tng tao hop chét vong: san pham 13 hop chét ¢ cu tao vong

- Phan tng tao hop chét vong c6 thé 13 ndi phan tir

H,N-R-COOH - R + H,O
2 / \ 2
CO - NH
- Phan g tao hop chit vong c6 thé 14 lién phan tir
R - NH
/ AN
2H,N-R-COOH -  OC CO + 2H,0
N /
NH - R

- Phan ung tao hop chat vong ciing c6 thé xay ra d6i voi nhitng monome ¢ hai nhém
churc giong nhau.
O
|
AN
HOOC-R-COOH - R 0O + HO
N¢c”

I
O
Nhu véy trong qua trinh trung ngung c6 hai phan ung canh tranh la: phan tng trung
ngung va phan Gng tao hop chat vong. Trong d6 phan tng tao hop chat vong la khong mong
muon, do do can tim cach han ché no trong qua trinh trung ngung.

C6 2 yéu t6 anh hudng dén chiéu hudng phan trng ctia monome da chire do 1a:
1. Cau tao ciia monome

Xét monome c6 dang X - (CHy)n - Y (X, Y 13 2 nhém chirc). Néu m cang 16n nghia 1a
hai nhém chirc X va Y cang xa nhau, khi d6 kha nang phan ung tao vong s€ gidm, nhung phan
mg tring ngung khong thay doi, boi vi téc do trung ngung thuc té khong phu thudc vao
khoang céach gitta hai nhom chirc. Nghia 1a khi thuc hién phan Ung trung ngung tir nhiing
monome c6 2 nhém chirc cang xa nhau thi phan Ung trung ngung tao thanh polyme la chu
yéu.

Theo thuyét strc cing vong cua Bayer thi phan tmg tao hop chat vong sé& thuan loi néu
hop chat vong tao thanh c6 5 hodc 6 canh. Diéu nay duoc giai thich 1a do (mg suat noi (sirc
cang vong) ctia cac vong 5 hodc 6 canh rat bé, do d6 xac suit tao vong 5 va 6 canh 1a rat 1on

Xac suat tao vong

N\

>

5 10 15 S4 canh

Hinh 5.1. Xac suat tao hop chat vong c6 sb canh khac nhau
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Khi xdy dyng cic md hinh mat phiang cta hop chat vong, Bayer chi ra rang do bién
dang goc hoa tri binh thuong cua nguyén tir cacbon (109028) giam tir vong 3 dén vong 5 va
sau do6 lai tang 1€n khi s0 canh trong vong tang lén. Sy bién dang goc hoa tri ctia nguyén tir
cacbon gan lién voi viée tiéu thu nang luong, diéu nay 1am cho entanpi cua hop chat vong
tang nhiéu so v6i hop chat mach thiang c6 sb nhom tuong tng. Do d6 c6 thé dung mirc do
bién dang gbc hoa tri lam thudc do do cang cua cac vong. Cac vong bén nhét 1a 5, 6 canh, sau
d6 13 vong 7, 8 canh va cudi ciing nhitng vong kém bén nhat 1a 3, 4 canh

Vi vay khi tién hanh phan ing trung ngung nhimg monome ma ban than n6 c6 kha
nang tao hop chat vong 5, 6 thi san pham polyme rat khé tao thanh ma xac suit tao hop chat
vong 1a chu yéu.

Vi du: Khi tring ngung y-aminobutyric thi san pham chu yéu 1 hop chat vong 5 canh.

H:N-(CH):-COOH  ~  CHy-CHa
| NH + H,0
CH,-CO 7

y-butyrolactam

Khi tring ngung &-aminovaleric thi san pham cha yéu 13 hop chit vong 6 canh.

H,N-(CH,),-COOH - _CH:-CH:
CH., HN + H,O
Nens-co 7

O-valerolactam
2. Nhiét d¢ phan wng

Theo Arrhenius méi lién hé giira hing sb toc d6 phan tng va nhiét d6 duoc biéu dién
thong qua biéu thuc :

k = A.e™®T (E, 1a ndng lugng hoat hod)

Qua biéu thirc nay ching ta rat ra nhin xét c6 tinh chat dinh lvong quan trong 1a: phan
{mg nao c6 ning lugng hoat hoa E, cang 16n thi mirc d6 anh huong cua nhiét o dén toe do
ctia phan tmg d6 cang 16n, nghia 1a khi ting nhiét do thi tdc d cua phan Gng c6 ning luong
hoat hod 16n c6 mirc d6 ting nhiéu hon.

Goi: Eplanang lugng hoat hoa ctia phan ung trung ngung
Ev 1a nang luong hoat hoa cua phan rng tao vong

Chung ta c6 thé phan tich Ey thanh hai phan:

* Phén thr nhat 1 ning luong can thiét dé cac nhom chirc twong tac voi nhau, phan
nay c6 nang lugng tuong duong vdéi nang luong hoat hod cua phan ung tring
ngung (Er)

* Phan tht hai 14 ning luong can thiét ma phan tir phai c6 dé dong vong : Es

Tom laitacod : Ey=Ep + Eg

Nhu vay ning luong hoat hoa ctia phan tng tao hop chat vong luén ludn 16n hon ning
luong hoat hod cua phan g trung ngung: Ev > Es.
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Do d6 trong qua trinh trung ngung khéng nén thyc hién phan tmg ¢ nhiét d6 qua cao,
vi khi d6 phan ing tao hop chat vong s€ chiém uu thé. Thong thuong qua trinh trung ngung
dugc tién hanh ¢ nhiét do tr 100°C dén 200°C.
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5.3. Dong hoc ciia phian rng trung ngung

Nghién ctru dong hoc cta phan img trung ngung cho phep ching ta tim duoc diéu kién
t6i wu cho qua trinh tong hop polyme, mit khac con dé xac minh co ché cia phan tng, cho
phép phan biét phan tng trung ngung vdi phan Gng trung hop.

Flory di dwa trén 3 gia thiét sau dé nghién ctru dong hoc ciia phan tng tring ngung.

1. Hang s6 can bing cua phan tng gita cac nhdm chirc khong phu thude vao do dai
mach hay ndi cach khac, cac phén tir polyme c6 d¢ trung hop khac nhau nhung cac
nhom chirc déu co6 hoat tinh nhu nhau.

2. Kha ning phan tng cua mot nhom chirc cua monome da nhom chirc khong phu
thudc vao nhoém chirc kia da phan ung hay chua, hay néi cach khac kha nang phan
ung cua cac nhom chuce 1a doc 1ap nhau.

3. Kha niang phan tng ctia cic nhém chirc dong loai 1a nhu nhau.
Xét phan tng trung ngung tao polyeste lam vi du, ta c6 phuong trinh phéan Ung:
nHOOC-R-COOH + nHO-R'-OH & HO-(OC-R-COO-R'-O),-H + (2n-1)H,O

Gia sir nong do ban dau cua cac monome 1a biang nhau va bang C,. Ta xét 2 trudng
hop cu thé nhu sau:

1.Néu phan g dwoc xiic tac béi nhirng axit manh

Phuong trinh dong hoc ctia phan ung duoc viét:

_dlcooHn kp[COOH][OH] (5.1)
dt
dc A . . a2
Hay - =kpC* (C la nong do ctia monome tai thdi diém t)
dt

Chuyén vé va lay tich phan, ta c6:

C t
dC
-[— = k,[dt
& - v
I 1 _ C,
cc” kpt - c ketCotl
(5.2)
Mit khac: D9 trang ngung trung binh p = S (5.3)
C
56 chuvén hos c.-¢c . 1 _cC, 54
= a -
0 chuyén hod q c. y1_q - 5.4
Tu (5.2),(5.3) va(5.4),taco:
= kpt.Co+ 1 (5.5)
1-q
p =kpt.Co+1 (5.6)
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Tir hai biéu thirc (5.5) va (5.6) ta thiy rang ddi v6i phan tng tring ngung can bang thi
thoi gian phan tng quyét dinh khoi lwong phan tir va d6 chuyén hoa, nghia 1a can c6 thoi gian
dé phan tmg dat duoc do chuyén hoa cao va khéi lwong phan tir ciia polyme thu dwoc 16n.
Tuy nhién su phu thudc ndy chi t6n tai cho dén khi phan Gmg dat trang thai can bang, khi can
bang dugc thiét 1ap thi thoi gian khong anh huong dén p va q nira.

2. Néu phan tmg dwoc xtc tic béi chinh monome axit

Trong truong hop nay phuong trinh dong hoc c6 dang :

- dICOOH. _ | [COOHT[OH] (5.7)
dt
dC TS Sy S A ,
Hay - — = kpC?, chuyén vé va lay tich phén, ta c6 :
t
C t
dC
-[— = kp[dt
e =M
RIS P e 69
C2 Ci p- D C D p.l.CUo .

Tur (5.4) va (5.8), ta c6 phuong trinh:

= 2kpt.Cl+ 1 5.9
a-q )2 P ( )
p2=2kpt.Co+ 1 (5.10)

Néu xtc tac chinh 13 monome axit thi dé phan tmg dat duoc d6 bién hoa (q) cao va
polyme thu dugc c6 khoi lugng phan tir trung binh () 16n phai can nhiéu thoi gian hon so
v6i truong hop dung axit manh lam xtc tac.

5.4. Phuong trinh Carothers

Trong qué trinh tring ngung, gitta do tring ngung trung binh (), d6 chuyén hoa (q)
va s nhom chire trung binh (f) c6 mbi lién quan mat thiét v6i nhau. Wallace Carothers da
thiét 1ap mdi quan hé d6 nhu sau:

Gia st ban dau trong hé c6 Ny phan tir monome véi s nhom chie trung binh f, ¢ thoi
diém t s6 phan tir monome con lai 1a N, nhu vay s6 nhém chirc d& tham gia phan tmg 1a 2(N, -
N). S6 nhém chirc ban dau trong hé 1a No.f (vi mdi phan tmg ngung tu c6 hai nhém chirc
tham gia phan ing va mot phan tir mét di).

. 2N, - N,
Do chuyén hoa ciia monome la q = TN (5.11)
_ N,

D trung ngung trung binh : p = N (5.12)
T (5.11) q = e pay q = 20 - N 5.13

wGIhe="" """ hayq=7 N (5.13)
Thay (5.12) vao (5.13) taco :
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2

e (5.14)

Pay chinh 1a phuong trinh Carothers, cho biét mdi quan hé gitta p, q va f.
Nhitng nhan xét quan trong rit ra tir phwong trinh Carothers:

1. Bé thu dugc polyme c6 khdi luong phén tir trung binh p 10n, theo phuong trinh
Carothers can phai thuc hién phan 0 Ung dat dugc do chuyén hoa (q) 16n va s6 nhém chtrc trung
binh (f) phai 16n. Nhung ching ta biét rang phan ung tring ngung 1a phan mg thuan nghich,
ton tai cAn bang, vi thé rat khé thuc hién phan tung dat duoc do chuyén hod cao, do vay ddi
v6i phan mg tring ngung chiing ta nén chon h¢ phan ting sao cho f cang 16n thi ciing c6 thé
thu dugc polyme c6 phan tir lwong trung binh 16n mic dau phan tng trung ngung dat duoc do
chuyén hoa khong cao 1am.

2. Néu monome tham gia phan tng chi chira mot nhom chirc va gia st phan tng xay
ra hoan toan (f= 1, q = 1) thi khi d6:

2

p = =2
2- 1x1

Nghia la v6i nhirng monome chi ¢6 1 nhom chue thi khong thyc hién phan tmg trung
ngung duogc, san pham polyme khong tao thanh mac du phan g xay ra 100%.

3. Néu thyc hién qua trinh tring ngung ciia mot hé gdbm 2 mol monome c6 3 nhém
chirc va 3 mol monome ¢6 2 nhom chure, khi d6 s6 nhém chure trung binh la:

23+32
= —— :2’
2+ 3

Gia str do trung ngung trung binh dat gia tri cuc dai:

— 2
P = —— =000
2- 2,49

. 2 .
Khi d6 d¢ chuyén hoa q = oa 0,83. Nghia la tham chi ngay ca khi khoi lugng phan

tir ctia polyme dat duoc vo cing 16n ma do chuyén hoa q chi dat 83% chir khong dat duoc
100%. Nhu vay, trong hé van con nhitng nhom chic ty do chua tham gia phan mg dugc.
Diéu nay c6 thé 1a do khi d6 c¢6 su xuét hién cia ciu tric mang luéi ciia polyme lam céan tré
khong gian ddi voi mot sé nhom chire

— 2 5 I3
Khi p =00 - = " duoc goi 1a do chuyén hod td1 han hay con goi 1a do chuyén

hoa & thoi diém tao gel. Piém tao gel duoc dic trung boi do nhét ciia hé ting cao. Polyme tao
thanh mang ludi khong gian, bot khong khi khong qua dugce hé phan tng.
nHOOC-R-COOH + nHO-R'-OH -

|
OH

HOOC-R-COO-R'-O0C-R-COO-R'-

|
\|/ 00C

Cac nhom chuce |
bi ¢6 1ap R

|
V\ 8

http://vietham12h.com



Céng ty Héa Chat Xay Dwng Phuvong Nam
vietham12h.com

00C

|
HO-R'-OOC-R-COO-R'-

4. Néu hé phan ung géom 2 mol monome ba nhém chiric, 3 mol monome hai nhom
chirc va 1 mol monome mot nhom chire. Khi do:
2x3t 3x2 1t 1x1

f= = 2,17
2+t 341

. . 2
0 thoi diém tao gel do chuyén hod qx = 0,92

Nhu vay su co rpét monome mot nhom churc trong hé 1am cho hién tugng tao gel kho
xay ra hon, cang tang s6 mol monome mdt nhdm chure thi hién tuong tao gel cang kho xay ra.
D061 véi thi nghiém trén hién tugng tao gel s€ bién mat khi lugng monome mdt nhém chuc 16n
hon 4 mol.

Nhung lugng monome mét nhom chire cang nhiéu thi kl}éi luong phan tr trung binh
cua polyme thu duoc cang giam vi thé nguoi ta co thé thay doi lwong monome mot nhom
churc dé diéu chinh khoi Iugng cia polyme trung ngung.

5.5. Nhirng yéu t6 anh hwéng dén d9 tring ngung trung binh

Dic diém quan trong cua phdn Gmg trung ngung la phan tmg thuén nghich, qua trinh
dat dén trang thai can bang, gia tri hang sb can bang K bé va phan tmg thuong xay ra ¢ nhiét
d6 kha cao. Trong hé phan tmg ludn ludn ton tai cac phan ing nguoc chidu: qua trinh trung
ngung la qua trinh thuan nghich. Song song vo6i phan ng trung ngung tao thanh san pham
polyme con c6 nhiing phan tng phan huy san pham. Sy phan huy do6 co6 thé do:

1. Phén (mg giita mach polyme v6i san pham phy
2. Phan tng gitra mach polyme v&i cdc nhom chure ciia monome
3. Phan g giita mach polyme v&i cic nhom chire cudi mach cia polyme
Vi du: Xét phan Uing trung ngung gitra hexametylendiamin va axit adipic
IleN-(CHz)s—NHQ + HHOOC-(CH2)4-COOH :
S H-[NH-(CH»)s-NH-CO-(CH,)4-CO],-OH + (2n-1)H,O

Ngoai phan tng tring ngung tao thanh polyme néu trén, trong hé con co thé xay ra cac
phéan tng phan huy polyme nhu sau:

1. V&i san pham phu

...-NH-(CH;)e-NH-CO-(CH,)s-CO-... + H,O - ...-NH-(CH,)¢-NH, + ...-CO-(CH,),~-COOH
2. V6i cac nhom chire ciia monome
...-NH-(CH;)s-NH-CO-(CH,)s-CO-... + NH,-(CH>)s-NH,
— ....-NH-(CH»)e-NH, + H,N-(CH,)s-NH-CO-(CH,)s-CO-...
hay  ...-NH-(CH,)s-NH-CO-(CH,);-CO-... + HOOC-(CH,),-CO-OH
- ...-CO-(CH,)»~-COOH + ...-NH-(CH,)s-NH-CO-(CH,),~-COOH
3. V6i nhom chire cudi mach ciia polyme
...-NH-(CH;)s-NH-CO-(CH,)s-CO-... + NH,-(CH,)s-NH-CO-(CH,)4-CO-...
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~ ...NH-(CH,)¢-NH, + ...-CO-(CH,);-CO-NH-(CH,)s-NH-CO-(CH,),-CO-...

Néu cac phan tmg 1 va 2 xay ra thi s& 1am giam khdi lugng phan tir trung binh cta
polyme, con néu phan tng 3 xay ra tuy khong anh huong dén khéi lugng phéan tir trung binh
cua polyme nhung s¢ lam thay dbi do6 da phan tan cta polyme. Nhu vay khi c6 cac phan tng
phan huy xay ra s€ lam thay d01 khdi lugng phan tir trung binh va do da phan tan cia polyme,
d6 1a hai yéu té quan trong quyét dinh cac tinh chat co 1y - hoa 1y cta polyme.

Vi vdy, trong qué trinh tring ngung van dé dugc quan tim nhat 1a lam thé nao dé thu
duoc san pham polyme tring ngung ¢ khéi lugng phan tir trung binh p 16n.
5.5.1. Hang s6 cAn bing va ndng dd san phim phu
Xét phan g tring ngung tao polyeste. Phan Gmg tong quat nhu sau :
K
-COOH + -OH & -C-0-+ HO
I
O

Gia su: - nong d6 ban dau cua hai monome la nhu nhau va bang C,
- nong do tai thoi diém t 1a C..
[este.[H, O] _ C_-C,)C, .

Ta c6: K= = . (5.15)
[COOH].[OH] C

Chia ca tir va mu sb cuia biéu thirc (5.15) cho C.%, ta duoc :

C‘CC

___H20

K=" (5.16)

c.-cC
bat n,= s0 mol cua lién ket tao thanh trén moi mat xich co sd cua polyme
C 2
n, = s0 mol san pham phu tach ra trén mo1 mat xich co sé cua polyme
p= C° do trung ngung trung binh cua polyme

n_ .n h ; K 1
ay = .
K= H1 H n, /n, (5.17)
orPQ
C,- C, C,
Tro lai n=—" =1-—".
C C

Néu phan tmg dat d6 chuyén hoa du 16n, nghia 1a khi do:

C,
C << Co,tysd — c =0,dodon, =1
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. . — K
Vay cudi cung ta dugc bicu thirc: p=. (5.18)
n

Ttr biéu thirc (5.18) ta c6 nhan xét : PO tring ngung trung binh p ty 18 thuin véi cin
béc hai ctia hang sb can bang K va ty 1& nghich v&i cin bac hai cia ndng d6 san phadm phu n,.

Nhu dé noi, trong phan ung trung ngung hang sb can bang thuong bé (nhat la phan
g tao polyeste) nén dé thu duoc polyme c6 khéi lwong phén tir 16n thi can thiét phai giam

lwong san pham phu tao thanh, nghia 1 phai tim moi bién phap dé loai san pham phu ra khoi
hé phan ung.
5.5.2. Quy tic dwong lwong giita cac nhém chirc ciia monome

Dbi voi nhitng phan Gmg dong tring ngung thi dé thu duge polyme co6 khéi luong
phan tir trung binh 16n chiing ta khong nhitng phai ddm bao yéu cau néu trén, ma con phai lay
cac monome theo dung ty 1€ duong lugng gitta cac nhom chuie. Diéu nay dugc ching minh
nhu sau:

Gia st ban dau trong hé phan Gmg c6 Nao phan tir monome A va Ngo phan tir monome
B. Monome A va B déu c6 2 nhom churc va Nag > Niy.

Tai thoi diém t con lai N phan tir monome A va Ng, phan tt monome B.
S6 nhém chirc ban du c6 trong hé 13 2(Nxo + Nio).
& thoi diém t bat ky nao d6 s6 nhom chire con lai chua phan tng 13 2(Ny, + Ng).

Do triung ngung trung binh p tai thoi diém t 1a:

2‘(NA0 * NBO) - NAO * NBO
2'(NAt * NBt) NAt * NBt

p= (5.19)

Phan tng tring ngung tiép tuc xay ra va gia sir dén thoi diém t = oo thi monome B
phén IZI'Ilg hét khl dé NBoo = O Va NAoo = NA() - NB().

_ N, *
Khi d6 do trung ngung trung binh: p = ﬁ (5.20)

Ao Bo

X A N Bo r < A ’ 5 7
Chia ca tor va mau so cua (5.20) cho Ny, va dat r = N ta c6 bi€u thirc cua quy tac
o . .= 1+r
duong lugng gilta cac nhom chiic: p = (5.21)
1-r

Tir két qua trén, chiing ta nhan thay do tring ngung trung binh p s& ¢ gia trj 16n nhat

N .
khir = N—B(’ =1 hay Nao = Ngo, nghia la do truing ngung trung binh c6 gié tri 16n nhat khi

cac monome 2 nhém chire tham gia phan tung duoc 1y véi ty 16 duong luong vé sé phan tir.
Mot cach tong quat 1 cac monome tham gia phan ung tring ngung phai dugc ldy véi ty 18
duong luong gitra cac nhdm chure khac loai thi do trung ngung trung binh s€ c6 gia tri cuc dai.
Néu lay du 1 trong 2 monome tham gia phan tmg thi déu lam giam khéi lugng phén tir trung
binh cua polyme.

Bang 5.1. Gia tri ctia do tring ngung trung binh p khi ty 1& giita cic monome tham
gia phan tng (r) khac nhau

r 0,5 0,9 0,95 0,99 1
- 3 19 39 199 %
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P

N\
H nh 5.2. Su phu
thuéc cua dd trung
ngung trung binh vao
< > | vong du_ cua mt
Luong du monome A Luong du monome B Hggg hqaul 4 rrf[)pf) tha
truna nauna.

5.6. Cac yéu to anh hwéng dén qua trinh tring ngung
5.6.1. Nhiét do

Qua trinh tring ngung nhu di biét c¢6 hai loai phan Ung canh tranh nhau, d6 1 phan
g tring ngung tao san pham polyme, c6 ning luong hoat hoa Ep (dic trung boi hang s toc
d6 phat trién mach kp) va phan tng tao hop chat vong, c¢6 ning luong hoat hoa Ey (dic trung
boi hang sb téc d6 ky). Ty s kp/ky quyét dinh hiéu suat ctia phan g tring ngung.

Mit khac giita hang s téc do va nhiét dd phan tng c6 mdi lién hé théng qua phuong
trinh Arrhenius :

k=A.e™RT
Tién hanh qua trinh tring ngung & 2 nhiét 6 khac nhau 12 T, va T, (T,> T)).

T1 E,"E
k., A :

bat Li=—F=—"2e"™" (5.22)
kv Av1
kTZ E,"Ep
Ly= 5 = Bee o mn (5.23)
kV AV2

Chia (5.22) cho (5.23), tac6 : “1= ¢ © o
L

2

(5.24)

Tir biéu thic (5.24), ta thiy:

+ Néu Ey = Ep: ning luong hoat hoa ctia phan tng tring ngung va phan tng tao vong

. L, . ,
bang nhau thi - 1 hay L, = L, nghia 1a nhi¢t d§0 khong anh hudng dén qua trinh trung

2

ngung.

A L 1 ~ \ A [N ’ \ \
+ Néu Ey > Ep thi . 1 hay L, > L, , nghia 1a néu thuc hién qué trinh trung ngung

2

& nhiét do cang cao thi phan tmg tao hop chit vong cang chiém uu thé.

Ma chung ta di biét ning lugng hoat hoa cua phan ung tao vong (Ey) 16n hon ning
luong hoat hoa cua phan tmg trung ngung (Ep). Vi vay cang tang nhiét do cua qua trinh trung
ngung thi phan Gng tao vong xdy ra thuan lgi hon, ty 1€ hgp chat vong tao thanh cua qua trinh
la 16n hon.

5.6.2. Nong do monome
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Khi tién hanh tring ngung monome da chuc thi phan tng tao vong chu yéu 1a phan
ung dong vong ndi phan tr. Do d6 phan ung tao vong phu thudc bac nhat vao nong do
monome thong qua phuong trinh dong hoc cua phan ng bac 1:

1 a

kl = —In

t a~- x

Trong khi d6 phan tmg tring ngung phu thudc bac 2 vao ndng d6 ciia monome thong
qua phuong trinh dong hoc cua phan ing bac 2:
1 X

k2: -
t a@- x)

Nhu vay nong d6 ctia monome anh hudng tryc tiép dén phan ung tring ngung va anh
huong gian tiép dén phan mg tao vong. Do d6 trong qué trinh tring ngung, néu ndng do
monome cang 16n thi cang c6 191 cho phan tng trung ngung.

5.6.3. Sw c¢6 mit cac hop chit mét nhom chire

Mubn tham gia phan tng tring ngung thi cic monome phai c6 = 2 nhém chirc. Phan
g trang ngung trong da s truong hop xay ra do twong tac ctia cac monome c6 hai nhom
chirc khac nhau (amin va cacboxyl, cacboxyl va hydroxyl, amin va aldehyt...). Trong truong
hop néu trong hé phan tmg c6 mit mot hop chat don chirc ndo d6 c6 kha niang phan tng voi
mot trong hai loai nhom chirc cuia monome tham gia phan mg trung ngung thi phan tmg s€
tao thanh hop chit chi co mot nhom chire, va nhu vay hop chat méi hinh thanh khong c6 kha
niang tham gia phan tng tiép tuc voi monome dé phat trién mach tao thanh san pham polyme,
hay nguoi ta néi hop chéat 1 nhém chirc d6 dd khoa nhimg nhém chic cia monome lai va lam
dung phan g trung ngung.

X-A-X + Y-B - X-A-Z-B + a

Hop chit X - A - Z - B tao thanh chi ¢c6 mot nhém chirc nén khong tham gia phéan tng
phat trién mach duoc. Vi du :

H,N- (CH,)6 -NH, + CH;COOH -  H,N- (CH,)s -NH-CO-CH; + H,O

Két qua 1a khdi luong phén tir trung binh cua polyme bi giam.

Trong thuc té nguoi ta loi dung tinh chat nay dé diéu chinh khdi lwong phan tir trung
binh cta polyme trung ngung.
5.7. Cac phwong phap tién hanh tring ngung
5.7.1. Trung ngwng trong khoi néng chay

Néu cac monome tham gia phan trng ban dau va polyme tao thanh déu bén & nhiét do
néng chay thi qué trinh tring ngung c6 thé tién hanh trong khdi nong chay, thuong ¢ nhiét do
200 - 280°C Diéu quan trong la phai gia nhiét ddng déu hdn hop phan tmg néu khong polyme
thu duoc rit da phéan tan. Dé tranh cac phan mg (oxi hod, phan huy...) xay ra nguoi ta phai
thue hién phan tng trong moi trudong khi tro va cudi cung phai két thuc trong chan khong dé
loai san pham phu.

Sau khi phan tGng két thuc, 1am lanh binh phan tmg va thu duoc khéi polyme ¢6 hinh
dang cua binh phan ng, hodc dun thanh bang dai, hodc dem nghién thanh hat nhé dé thuan
loi cho viéc gia cong sau nay.

Uu diém cta phuong phap nay 1a khong dung dung méi. Vi néu ¢6 dung dung mdi thi
chung ta phai chi phi thém cong doan tdch dung moi ra khoi san pham, thu hoi dung moi va
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hon nira sy c6 mat cua dung moi s& lam giam téc 6 phan Ung tring ngung ma lam tang kha
nang dong vong vi khi d6 néng do monome bi giam, dac biét la cac phan ng phu khac khong
mong mudn co thé xay ra. C6 thé tién hanh tring ngung trong khéi néng chay mot cach tuan
hoan lién tuc.

5.7.2. Trung ngung trén bé mit phin cach cia hai pha

bay la phuong phap dang dugc quan tam va ng dung nhiéu nhat trong cong nghi¢p
hién nay. Bang phuong phap nay nhiéu ching loai polyme duoc tong hop nhu polyeste,
polyamit, polyure, polyuretan... phan ng xay ra voi tbc do kha 16n & nhiét do phong. San
pham thu dugc c6 phén tir lugng trung binh rat cao so véi cac phuong phéap khac. Cac diamin
hodc glycol va cloanhydrit cua cac axit twong tng dugce dung lam nguyén liéu dau cho qua
trinh tring ngung, khi d6 san pham phy 1a HCI.

Vi du: Tong hop polyuretan tir piperazin va etylendiclofocmiat

o) 0
/ \ | |
nHN  NH + nCl-C-O-CH,-CH,-O-C-Cl
A4
o) o)
7N |
- H-FN N-C-O-CH,-CH,-O-C -| ,-Cl + (2n-1)HCI
A4

Hoa tan piperazin trong nudc va etylenclofocmiat trong benzen hodc cac dung moi
hiru ¢6 khéc. Tron hai dung dich lai v&i nhau, khi d6 phan tng tring ngung s& xay ra trén bé
mit phan cach 2 tudng. San pham phu 13 HCI tao thanh dé dang hoa tan vao tuéng nude, con
polyme tao thanh & dang méang trén bé mit va duoc kéo ra lién tuc khoi méi trudng phan g,

Phan tng gitta piperazin vdi cloanhydrit cua axit terephatalic cho ta polyamit nhu sau

nHN NH + nCl-OC-CH,-CO-Cl
A4
-  H-|N N -CO-C4H4-CO -| »- C1 + (2n-1)HCI
AN

Piperazin tan trong nudc, cloanhydrit tan trong benzen hodc cadc dung moéi hiru co
khac. Phan tng tring ngung xdy ra trong tudng hitu co, cac phan tir piperazin s& khuéch tan
vao trong d6. San pham phu 1a HCI tach ra s& nhanh chéng di vao tuéng nudc. Dé giit HCI
trong tudng nudc ngudi ta c6 thé thém vao dé Na,COs. Polyme tao thanh & dang mang trén bé
mat phan chia 2 tudng va lién tuc duogc kéo ra khéi moi truong phan timg. P61 khi nguoi ta tao
nhii trong cia 2 chit 16ng khong hoa tan vao nhau, khi d6 polyme tao thanh s& két tua dudi
dang bong x0p.

Phan Ung tring ngung trén bé mit phan chia hai tuéng xay ra ¢ nhiét do phong voi toc
d6 lon va polyme tao thanh co khéi lugng phan tir rat cao ma cac phuong phap tring ngung
khéc khong thé dat duoc.
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