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Chuong 2
Trung hop goc

Trung hop 1a phan tmg két hop mot sb 16n cac phan tir monome véGi nhau tao thanh
hop chat cao phan tir, khong giai phong san pham phu c6 phan tir lugng thap vi thé mat xich
co s¢ cua polyme c6 cung thanh phan v4i monome.

Phuong trinh tong quat cta phan Gng tring hop goc c6 thé viét:

M - (- M-),

Duya vao ban chit cua trung tim hoat dong, nguoi ta chia qua trinh trung hop thanh cac
loai : trung hop gbc, trung hop ion. Trong d6 phan ing trung hop goc (trung tdm cua phan
mg 1a goc tu do) la mét trong nhiing phuong phap pho bién nhat dé tong hop cac hop chit
cao phan tir. Hau hét cac polyme mach cacbon dugc st dung rong réi trong cac nganh cong
nghiép nhu cao su, soi, chat déo... déu duoc san xuit bang phuong phap tring hop gbc tir cc
monome tuong ung.

bicu kién d€ monome tham gia phan ung trung hop goc 1a :
- cac monome c¢ lién két doi
- cac monome co cau tao vong

Vi du: nCH,=CHCl - (-CH,-CHCIl-),
vinylclorua polyvinylclorua
HCH2 - CH2 — (-O-CHz-CHz)n
N,/
¢}
etylenoxyt polyetylenoxyt

2.1. Goc tw do
2.1.1. Dinh nghia

Gde tu do 1a nhitng nguyén tir (nhém nguyén tir) hay mot phan cta phan tir c6 chira
dién tr ty do (chua ghép doi).

Gdc ty do dugc tao thanh do sy phan cit dong ly lién két ctia cac phan tir.

| |
-C-1-X - -C° + X°

Gbc tu do

Vi du gdc (CsHs);C° duge tao thanh do sy phan cat dong li lién két cua phan tir
hexaphenyletan:

(C6H5)3C_C(C6H5)3 — 2(C6H5)3C0
2.1.2. Hoat tinh ciia goc tw do

Gbc tu do c6 hoat tinh cang manh khi mtrc d on dinh dién tir tu do & géc cang cao. Vi
vay bat ctr hi¢u ung gi lam thay d6i muc d§ 6n dinh cua dién tur tu do trén goc déu lam giam
hoat tinh cua goc tu do.

Hoat tinh ctia cac gbc ankyl c6 thé sap xép nhu sau:
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°CH; > °C,Hs > n°C;H; > 1z0°C;H; > (CH3)3C0

Su giam hoat tinh cua cac géc tu do nhém ankyl nhu trén la do hiéu ing cam tng gay
nén (cac nhom -CHj c6 tinh chit day dién tr), lam cho mat d¢ dién tur trén goc tu do tang 1én,
nghia 1a mirc d6 dinh vi dién tir trén gdc bi thay dbi, do d6 1am giam hoat tinh cta gbc tu do.

2.1.3. Cac phén ing ciia gbc tu do

Gia st trong h¢ phan tng trung hop gbc gdm co : gbe tu do R°, monome M, hop chat
R;X. Khi d6 goc tu do c6 thé tham gia cac phan ing sau:

a. Phan ung giita cac gbc tu do v6i nhau: xay ra theo 2 hudng
(1) Taikéthop:R°+ R° - R-R
(2)  Taiphanbd:R° + R° —~ Ry + Ry

Vi du néu trong hé phan tmg c6 cac gbc CH;-CH,° thi giita cac gdc nay c6 thé xay ra
phan ung :

—— CH;-CH,-CH,-CH;
CH3-CH20 + CH}'CHZO -

— CH;-CH; + CH,=CH,

b. Phan mg chuyén mach :

Giira gbe tu do R° va hop chit R, X c6 thé xay ra phan tGng :
R°+RX - Ry°+RX

Phan tng tao nén mat goc moi (R;°) nén dyoc goi la phan tng chuyén mach. Phan tmg
chuyen mach cang dé xay ra néu géc méi dugce tao thanh (R,°) bén hon (c6 nang luong tu do
thip hon) gbc ban dau (R°).

Vi du: Néu phan tmg tring hop gdc CH;CH,® xay ra trong méi truong téluen thi co
phan g chuyén mach sau:

CH;-CH,* + C¢Hs-CH3 - CH;-CHs + C¢Hs-CH»?

Ning luong hoat hoa (E,) ctia phan ing chuyén mach phy thudc rat nhiéu vao ban chat
tac nhan chuyén mach (R, X) va c6 gia tri trong khoang tir 6 + 20 kcal/mol.

c. Phan tmg cong hop vao lién két doi:

Phan (mg nay dé dang xdy ra va trong nhiéu truong hop din dén sy tring hop tao
thanh san pham polyme néu diéu kién cho phép:

R® + CH,=CHX - R-CH,-CHX°
R-CH,-CHX® + CH,=CHX - R-CH,-CHX-CH,-CHX"
R-CH,-CHX-CH,-CHX*+ CH,=CHX - R-CH,-CHX-CH,-CHX-CH,-CHX"...

Trong khi d6 phan tng giita gbc tu do R°va diphenyletylen kho c6 kha ning din dén
trung hop tao thanh polyme, vi c6 su can tré6 khong gian ctia phan tir diphenyletylen:

R + CH=CH - R-CH-CH°

00 00

R-CH=CH® + CH-CH - khong xay ra

00 00
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2.2. Co ché va ddng hoc ciia phén ing trung hop gbc

Phan tng trung hop noi chung, phan tng trung hop gbc noi riéng bao gdm 3 giai doan
chinh d6 1a: khoi mao, phat trién mach va ngat mach. Ngoai ra con c6 thé xay ra cac phan ng
chuyén mach (chung ta s¢ xét & mdt phan riéng).

2.2.1. Giai doan khoi mao

Muc dich cua giai doan khoi mao 1a tao thanh cac géc tur do ban’ dau can thiét, lam
trung tam cho cac phan tmg dé phat trién mach phén tir. Tuy theo ban chat cua tung phuong
phap dung dé tao goc tu do ban dau ma chiing ta phan bi¢t 4 truong hop sau:

a. Khoi mao nhiét

Str dung nbiét dé tao géc tu do. Su tao géc tu do xem nhu 1a qua trinh mo lién két doi
tao nén 1 ludng goc:

CHzZCHX — OCHQ-C:H)(o
Ludng gbc tao thanh sé& twong tac v6i monome:
°CH,-CHX°® + CH,=CHX - °CH,-CHX-CH,-CHX"

_y Tuy nhién co ché nay ré‘g kho xay ra, bang phuong phap khoi mao nhiét kho co thé
tong hop duoc polyme. B6i vi néu ludng goc co tao thanh di chang nira thi ching ciing vong
hoa ngay tuc khac hodc xdy ra cac phan ing ndi phan tir khac vi vay rat khé dé tao thanh san
pham polyme.

Nhiéu monome thuc té khong trung hop nhiét dugc néu nhu khéng c6 oxy hodc tap
chat khac dong vai tro chat khoi mao, vi du: vinylaxetat, Vinyclorua acrynitril.... Chi cé
metylmetacrylat (MMA) CH,=CCH;-COOCH; va styren la ¢6 thé trung hop theo phuong
phap khéi mao nhiét. Doi voi styren 6 thé xay ra theo hai co ché sau:

—  °CH-CH,-CH,-CH°
2CH=CH @ @

@ L CH3-CHO + CH2:C0

o ©

Tuy nhién do ning lugng hoat hoa ciia qua trinh khoi mao nhiét rt 16n nén toc do qua
trinh tring hop xay ra rat chdm va phu thudc nhiéu vao nhiét d6. Vi du, ddi véi qua trinh
trang hop nhiét MMA, lugng polyme tao thanh trong 1 gio & 70°C 1a 0,0081%, ¢ 130°C la
0,12%. Vi thé phuong phap nay khong ¢ ¥ nghia trong thuc té.

b. Khoi mao quang hoa

Duéi tac dung cua tia tir ngoai, monome sé chuyén sang trang thai kich thich, va cham
véi mot phan tr monome khéc tao thanh ludng goc va do su dut khong can doi tao thanh 2
goc tu do:

CH=CHX [['. CH~=CHX + CH=CHX -
— °CHX-CH,-CH,-CHX° - CH;-CHX° + CHX=CH°
3
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Vi su tao thanh gde tu do bang phuong phap khoi mao quang hoa xay ra do su hép thu
truc tiép luong tir ning luong, nén cd thé tién hanh tring hop & nhiét do thap, ma ¢ nhiét do
nay cac phuong phap khac khong tién hanh tring hop duoc.

Trung hop quang hoa c6 tinh chon loc cao. Tuy theo ban chat cia monome ma chung
ta phai chon 4nh sang c6 budc song thich hop. Vi du khi tring hop quang hod MMA néu 4nh
sang c6 budce song = 2000A° thi méi xdy ra su trung hop..

Tham chi néu chon duge budc song anh sang thich hop nguoi ta co thé trang hop
quang hoa este cua allilalcol va axit metacrylic trén ndi doi axit metacrylic con ndi doi cua
allilalcol van duogc bao vé:

CH,=CH-COOH + CH,=CH-CH,-OH - CH,=CH-COO-CH,-CH=CH,

nCH,=CH-COO-CH,-CH=CH, -  ...-CH,-CH-CH,-CH-...

| |
COO  COO

| |
CH, CH,

| |
CH CH

| |
CHz CH2

c. Khoi mao bure xa

& mirc d6 chuyén hod thap thi tring hop bure xa tudn theo nhiing quy luat cua trung
hop quang hoa nhung & nhiing giai doan chuyén hod sau hon thi co ché tré nén phuc tap.

Khi nguoi ta ding cac tia birc xa nhu tia a, B, tia Ronghen, dong dién tir gia tdc... tic
dung 1én monome thi s€ tao thanh cac goc tu do hoat dong khoi mao cho qua trinh trung hop.

Co ché cua qua trinh nhu sau:
M - (M*+e) - M* — R]O + Rzo
M: ¢6 thé 14 phan tir monome, dung moi hay mot chat nao c¢6 mit trong hé
Céc goc dugc sinh ra (R,°, R,°) néu cang bén (nang luong tu do cang thap) thi ning

lugng buc xa can dung cang cao hay noi cach khac s6 goc dugc tao thanh trén mot don vi
nang lugng cang it.

Bang 2.1. SO gbc ty do tao thanh tir cic monome khac nhau khi hip thu 100W
nang lugng.

Monome S6 géc duoc tao thanh
Styren 1,6
Acrynitril 2,7
Metylacrylat 23,5
Metylmetacrylat 27,5
Vinylaxetat 33,0

Trong nhing truong hop cac phan tir dung moi d& phan ra sinh ra gdc tu do khi bi birc
xa thi qua trinh trang hop trong nhirng dung méi do téc d6 cua phan mg tring hop duoc ting
1én rat nhiéu so voi trudng hop khong c6 dung méi.

Vi du: Dung moi dung 1a tetracloruacacbon: CCl,
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CCl, g0- °CClz + CI°
°CCl; + CH,=CHX - CCl;-CH,-CHX"

Nhung ¢6 mot nhuge diém 1a khi ting lugng dung méi thi do s6 gdc tu do ting rat
nhanh nén toc d§ phan rng ngat mach ciling tang lam giam khoi lugng phan tir cua polyme.

CCl-(CH,-CHX),-CH,-CHX® + CI° -
. CCl-(CH,-CHX),-CH,-CHXCl

Mot vu diém cia phuong phap nay 13 ngudi ta co thé diéu ché cac polyme tir nhimng
monome it c6 kha nang trung hop nhu allialcol : CH=CH-CH,~OH, cac monome hitu co
nguyén to va cac hop chat nitril, izoxianat... Cac san pham thu duoc tir phuong phap nay
khong c6 chat khoi mao nén dugc ing dung trong y hoc va k¥ thuat dién tu.

d. Khoi mao hoa chit

Day la phuong phap dugc ung dung rong rdi nhit trong nghién ctru va san xuat. Ngum
ta str dung cc hop chét co chua cac lién ket kém bén nhu peoxyt (—O—0-), cac hop chat azd
(-N=N-)... d& bi phan huy tao thanh cac gbc tu do ¢ nhiét 46 khong cao 1dm va duoc goi la
chit khoi mao. Vi du:

CH;-0-C-0-0- C-O-CH; [ & #°,  2CO, +2CH,0°
J I
0 0

Dimetyl peoxidicacbonat

CH3 CH3 CH3
| | |
NC-C-N=N-C-CN [ &mIe, 2NC-C° + N,

| | |
CH3 CH3 CH3

Dinitril cua axit azoizobutiric

CsHs- C -O-0O- C - CeHs 0 e, 2 C¢Hs-C-0°

| | |
0 0 (A) O

peoxyt benzoyl > 2 C¢Hs® + CO,
(B)

Chat khoi mao nay duoc dung nhiéu trong nghién ciru vi co thé danh gia dugc hoat
tinh cia monome tham gia phan mg. Néu monome c6 hoat tinh rat manh thi n6 s& tham gia
phan (mg ngay voi gbc (A) vira dugce sinh ra, néu co6 hoat tinh trung binh thi né s& phan tmg
voi ca hai goc (A) va (B) nhung néu monome c6 hoat tinh yéu thi n6 chi phan ung véi gbc
(B). Nhu vy bang cach dinh lugng CO, sinh ra trong qué trinh phan mg ma ta c6 thé danh
gia dugc hoat tinh cia monome.

Thuc nghiém cho thiy rang khong phai tt ca cac gf)c sinh ra do chit khoi mao déu
tham gia phan tng trung hgp. Trong méi truong 1éng céc géc tu do sinh ra dugc cac phan tu
dung moi bao boc xung quanh, tao thanh "long dung méi", va di€u nay can tré sy di chuyén

cua chung den dé tham gia phan ung véi monome. Chlnh trong khoang thoi gian d6 (10° 10
gidy) nhiing gdc tu do & rat gan nhau va c6 thé tai két hop lai v6i nhau, lam giam luong goc

5
http://vietham12h.com



Céng ty Héa Chat Xay Dwng Phuvong Nam
vietham12h.com

tw do trong hé. Sau khoang thoi gian trén do su chuyén dong khuéch tan hdn loan cac gbc &
xa nhau hon, khi d6 ching khé c6 kha ning tai két hop ma kha ning cong hop véi monome
tao thanh nhiing trung tim phan mg ting 1én. Hién twong trén dwoc goi 1a "hiéu tmg 16ng" va
vi vay nguoi ta dua ra khai niém: hiéu suat khoi mao f.

YR° tham gia phan (g phat trién mach

2R sinh ra do phan tng khoi mao
Tom lai, giai doan khoi mao gém 2 phan tmg:
1. Phan tng tao thanh cic gbc tu do dau tién do su phan cit dong li cua chét khoi
mao [.
ki
I - 2R°
Nang lugng hoat hoa (E,) cua phan irng nay khoang 30kcal/mol
2. Phan ung ctia gbc tu do véi monome.
ki
R°+M - R/
Nang lugng hoat hod (E,) cua phan tng nay khoang 7kcal/mol
Nhu v@y phan Gng 1 s& quyet dinh toc d6 cua giai doan khoi mao (c6 nang luong hoat
hoa (E,) 16n hon). Néu goi v; 1a toc do khoi mao ta c6 thé viét:

Vi = klf[I] (21)
Vi du: Qua trinh tring hop styren khi dung chit khoi mao 1a peoxyt benzoyl c6 2 phan
ung sau:
C¢Hs-C-O-O-C-C¢Hs - 2 C¢Hs-C-O°
I I I
O O O

C6H5-C-OO + CH2=CH — CaHs-C-O-CHz-CHO
| | | |
0] C¢H; 0] CeHs

2.2.2. Giai doan phat trién mach

& giai doan ndy xay ra mot loat nhitng budc cong hop lién tuc cic monome vao gbc
dang phat trién. Mo6i budc cong hop nhu vay tao thanh mdt goc médi ¢o kich thudc 16n hon
goc cli mot nhom monome.

kPl

R+ M - Ry’
kPZ

Ry + M - R;°
k3

R;* + M - R,

kP(n— 1)
Izon—l + M g I{n0

Goi vp la tdc d6 phan Gmg phat trién mach. Néu d tring hop khong anh hudng dén toc
dd phat trién trung hop, nghia la:
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kpl = kpz = .= kp(n.1) = kp
Khi d6 biéu thtc toc do phat trién mach c6 thé viét:
vp = kp.[R].[M] (2.2)

[R°]: téng ndng d6 cac gdc dang phat trién.

Ning lwong hoat hoa ciia phan tng phat trién mach (Ep) c6 gid tri trong khoang
7 - 10kcal/mol

C¢Hs-C-O-CH»-CH ° +nCH,=CH - C¢Hs-C-O-(CH,-CH),-CH,-CH®

| | | | | |
O C6H5 C6H5 O C6H5 C6H5

Két qua 1a giai doan phat trién mach s& tao thanh cac gdc c6 kich thudc rat 16n, hay
duoc goi 1a cac dai goc. Toc d§ cua phan ing phat trién mach rat 16n, qua trinh sé dung lai
bang nhiing phan Gmg ngat mach lam mat di cac dai goc dang phat trién.

2.2.3. Giai doan ngit mach
Su ngat mach 1 qué trinh bao hoa cac dién tir ty do ctia gbc dang phat trién (dai goc)

lam mat di cac goc tu do trong hé. Tuy thudc vao ban chat va di€u kién ctia phan img ma co
ché cua sy ngat mach co thé 1a két qua ctia mot hay nhiéu qua trinh sau:

a. Cac dai gbc tuong tac véi nhau theo hai hudng:
- tai két hop
- tai phan bo
b. Géc tur do tir chit khoi mao két hop véi dai gdc.
c. Céc chat tre ché két hop vai dai gde.
Néu cing mot lue sy ngét mach xay ra theo nhiéu co ché thi co ché nao xdy ra voi toe

do lon hon s& quyét dinh su ngat mach cua qua trinh. Thong thuong giai doan ngat mach xay
ra chu yéu theo co ché (a). Goi v, 1a toc do phan tmg ngat mach, ta c6:

Vo = Ko.[R°T? (2.3)
[R°]: Tong nong do cac gbc dang phat trién.
ko =kor + ko

CsHs-C-O-(CH,-CH),,-CH,-CH® + CH;-C-O-(CH,-CH),-CH,-CH?

| ! \ | | |
O C()Hs C()Hs 0] C6H5 C6H5

koo »  CeHs-C-O-(CHy-CH)umini2-O-C-CHs

I | I
O CeHs 0

Koy — C¢Hs-C-O-(CH,-CH),-CH,-CH,

I | |
O C(,Hs C6H5

+ CeHs-C-O-(CH,-CH),,-CH=CH

I | |
0 CHs CeHs

Ning luong hoat hoa ctia phan tmg ngit mach (E,) khoang 4 kcal/mol
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* Nguyén ly trang thai dirng ciia Bodensten:

Noi dung co ban ciia nguyén 1y ndy nhu sau : & giai doan ddu cta qua trinh tring hop,
ndng d6 gbe tu do ting dan do xay ra phan tmg khoi mao 1 chi yéu, nhung sau d6 phan ting
ngit mach xay ra lam giam ndéng d6 gbc tu do. S& c6 mot thoi diém nao d6 trong qué trinh
trung hop ma cac gdc tu do dugce sinh ra do phan tng khoi mao bang s6 gbc ty do mat di boi
phan g ngit mach, lac d6 nguoi ta ndi rang trang thai dimg duoc thiét 1ap. Nghia 1a ¢ trang
thai dimg thi ndng d gdc tu do trong hé khéng thay doi theo thoi gian.

Vi = Vo (2.4)
k,f[l] = k().[RO]d2

[R°], : ndng d6 gdc ty do & trang thai dimng

/k.
[R°]s = k—‘.f.[I] (2.5)

[}

Thay (5) vao (2), ta co :

Vp = kp,flli—i-f-[l] [M] (2.6)

Do tring hop trung binh (ky hiéu p): 1a ty s6 giita lugng gdc tu do tham gia phan tng
phat trién mach va s6 goc tu do tao thanh hay mat di trong mot don vi thoi gian:

- Ve _ Ve
P=_ " (2.7
Vi Vi

hay b= kp-& (2.8)
Jk k. £[1]

2.3. Céc yéu td anh huwdng dén qua trinh tring hop goc

Trong qua trinh trung hop goc noi riéng va trong moi qua trinh tong hop polyme néi
chung ngudi ta thuong chu y dén 2 yeu t6 1a: toc do phat trién mach vp, cho biét dién bién cta
qud trinh va do trung hop trung binh p, cho biét khbi lugng phén tir trung binh cuia polyme,
mét trong nhimng yéu to anh huong dén tinh chét co 1y - hoa ly cua polyme. Vi vay, ¢ day
ching ta s& xem xét cac yéu to: noéng do chat khoi mao, nong do monome, nhiét do, ap suét
anh huong dén 2 yéu t6 trén nhu thé nao dé tir d6 rit ra dugc diéu kién tdi wu cho qua trinh
tring hop trong nhiing diu kién cu thé dé c6 dugc nhitng san pham mong mudn.

2.3.1. anh hwéng ciia ndng dd chat khoi mao

Ttr hai biéu thic (2.6) va (2.8) néu ta v& d thi biéu dién sy phu thudc ctia vp va p vio
nong do chat khoi mao [I] thi thu dugc cac duong biéu dién c6 dang:
Ve, P

N

Vp

Ll

> (1]
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Hinh 2.1. Sy phu thudc cta vp va p vao néng dd chat khoi mao

Tur db thi trén, ching ta c6 nhan xét:
. - Té,c d6 phat trién mach vp trong qua trinh tring hop gbc ty 1¢ thuan (dong bién) véi
nong do chat khoi mao I.
- D6 tring hop trung binh p ty 1& nghich (nghich bién) véi ndng d6 chat khoi mao L.
Dé lam ting toc d6 ctia phan Gmg tring hop thi can _phai tang [I] nhung khi d6 d¢ trung

hop trung binh cua polyme lai bi giam. Pay la mét khuyét diém ctia phuong phép tring hop
goc.

Vi vay trong thuc té nguoi ta phai lua chon néng d6 chat khoi mao thich hop nhat tuy
thudc vao diéu kién tién hanh phan ng va tinh chat cua san pham. Thong thuong nong do
chat khoi mao I vao khoang 0,1 - 1% so v&i monome.

2.3.2. anh huwéng ciia nhiét do

Ttr biéu thire cua téc do phan tng phat trién mach :

Vp = kp‘ llz_Zf[I] [M]

1/2
Kk,
o o em )
Hay c6 thé viét : vp=kp- 0

Trong phuong trinh trén chi ¢6 3 dai luong phu thudc vao nhiét do 1a kp, k, va ki, nén
ta co thé viet :

el
wekp. UK 0 g (29)
Mat khéc, phuong trinh Arrhenius c¢6 dang :
k=A.eg™RT
hay Ink=- <= +C
RT

ap dung vao phuong trinh (2.9), ta co :

E E E
Invp=-—F- ——+ —— +C
RT 2RT 2RT
E E
EP t—- ° + -
dln VP - 2 2 - 7 15 2 - 20 > o
dT RT? RT? RT?

Tir két qua trén chung ta nhan xét :
Tbc d6 phat trién mach vp ddng bién v6i nhiét do phan tng.
Xét twong tu nhu vay sy anh hudng ctia nhiét d6 dén do tring hop trung binh p .
Tur phuong trinh:
M
_k [M]

P Tk kLT
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_ E E. E
lnp — - P + i + 0
RT 2RT 2RT
E, E,
dinp E¢° 7 7-15-2 10
= 2 . 2 - . - - - <o
dT RT RT RT

C6 nghia 1a do trung hop trung binh p nghich bién véi nhiét do

Vp, P

N\

Vp

T

Hinh 2.2. Su phu thudc ctia vp va p vao nhiét do

Trong qué trinh tring hop, néu ting nhiét d6 cua phan tng s& lam ting toc do cua tat
cac cac phan ung xay ra trong h¢. Khi do toc do tao thanh cac trung tdm hoat dong tang, phan
g phat trién mach tang va nhu vay lam ting téc do chung cta qua trinh tring hgp monome
tao thanh san pham polyme. Nhung viéc tang nhiét do cua phan tng dong thoi cling lam ting
tdc d6 phan tmg ngat mach, lam giam khdi lugng phan tir trung binh ctia polyme thu dugc.

Tuy nhién, so sanh niang luong hoat hoa ctia cac phan tng thi ching ta nhan thay rang:
nang luong hoat hoa cua phan tng khoi mao 16n hon nhiéu so véi ning luong hoat hoa cua
phan (mg phat trién mach va ngit mach. Vi vay khi ting nhiét d6 cta phan tng thi toc do tang
cua phan ng khoi mao 16n hon nhiéu so v&i phan Gng phat trién mach va ngit mach, boi vi
theo Arrhenius, néu ning luong hoat hod cua phan ¢mg cang cao thi mtc do anh hudng cua
nhiét d6 dén viéc tang tbc do ctia phan tng d6 cang 16n.

2.3.3. anh hudng ciia ap suat

Ta biét rang qua trinh tring hop lam giam ap suat cta hé vi khi tring hop thi khoang
cach gilta cac phén tir monome dugc thay thé bang nhimg lién két hoa hoc trong polyme. Vi
vay theo nguyén ly chuyén dich can bang Le Chatelier, néu ting ap suit ctia hé phan tng s&
lam cho can bang dich chuyén vé phia tao thanh polyme, nghia 1a c6 loi cho phan tmg tring
hop: ca vp va p déu tang.

Ve, P

N\

T |

Vp

>

P
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Hinh 2.3. Su phu thudc ctia vp va p vao 4p suat cua hé

Tuy nhién, & day ching ta can cha y:

+ Tbc do phan ung phat trién mach va do tring hop thuc té chi ting dén mot muc do
nao d6 thi dimng lai hau nhu khéng thay doi khi tiép tuc ting ap suat cta hé, boi vi & ép suét
cang cao cac phan mg chuyén mach cang gia tang lam giam d¢ trung hop trung binh p. Nhu
vy d6i v6i mdi trudng hop cu thé co6 mot ap suit cao tdi uu.

+ T1,en hanh phan {mg tring hop & ap suit cao c6 thé tring hop duoc nhitng monome
ma ¢ ap sudt thuong phan ng trung hop khong xay ra. Vi du: axéton chi xay ra trung hop ¢
ap suat cao.

CH;
|
nCH;-C-CH; - (-C-0-),
| |
O CH;
2.3.4. anh hwdng ciia ndong d monome

Tur hai biéu thic (6) va (8), duong biéu dién su phu thudc cua vp va p vao nong do
monome c6 dang nhu sau:

Ve, P

N\

Vp

T

> M
Hinh 2.4. Sy phy thudc ctia vp va p vao ndong dd monome

Chung ta c6 nhan xét 13 ca vp va p déu dong bién véi nong d6 monome [M]. Nghia 1a
trong qué trinh trung hgp néu ndong d6 monome tham gia phan tng cang lon thi toc d cua
qua trinh cang 16n va polyme thu dugc c6 phan tir lugng cang cao.

2.4. Qua trinh tring hop & d9 chuyén hoa cao
Do chuyén hoa (q) cta qua trinh tring hop dugc xac dinh theo biéu thirc:

[M,]-[M,]
= ———.1009
py O
Trong do: [M,] 12 ndng d6 ban dau cia monome
[M,] 12 ndng d6 ctia monome tai thoi diém t

Nhu vay, do chuyén hoa (q) cho biét % monome di tham gia phan tmg sau khoang
thoi gian t.

Trong thuc té khi tring hop mot sé monome trong trudng hop khong c¢6 dung mai thi
O giai doan cudi cua qua trinh (khi phan g trung hop c6 do chuyén hoa kha cao) thi c6 hién
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twong téc do phan Gmg ting mot cach dot ng6t, khong theo nhiing qui luat dong hoc théng
thuong cua phan ung trung hop. Diéu nay co thé dan den hién tuwong nd binh phan tng va lam
keo két san pham. Hién tugng nay 1a khong mong mudn trong qua trinh trang hop.

Nguyén nhan 1a do téc do phan tng ting dot ngdt trong mot thoi gian ngdn nén toa ra
mot nhi¢t lwgng khé 16n. Hién tuong toc do phan ing tang dot ngdt & do chuyén hoa cao dugc
goi la "hiéu ung gel".

Hién tuong nay dugc giai thich nhu sau: ¢ do chuyén hoa cao thi do nh6t cua hé tang
1én nhanh do phan tir lugng cua cac dai gdc polyme 16n Ién lam cho cac dai gbc di chuyén
kho, it c6 diéu kién gip nhau dé xay ra phan ung ngat mach (k, giam). Trong khi d6 cac
monome do kich thudce be, linh do chuyén dong lon van di chuyen duoc va tham gia phan ung
phat trién mach mot cach binh thuong. Két qua lam cho téc d6 chung cua qua trinh ting
nhanh.

Do chuyén hod ma ¢ doé xuat hién "hi€u tng gel" dao dong trong khoang tuong doi
rong va phu thudc vao ban chat cia monome, nhiét do phan img va sy c6 mat cling nhu ham
luong cua dung moi.

Bang 2.2. Do chuyén hoa ¢ thoi diém tao gel cia mot sb monome.

Monome Nhiét do phan tng (°C) q(%)
Metylacrylat 30 10
Metylmetacrylat 30 15
Styren 50 50

Pé khic phuc "hiéu ung gel" nguoi ta phai giam do nhét cta hé bang cach pha thém
dung moi vao hodc thém céc tdc nhan chuyén mach dé lam giam kp.
2.5. Su chuyén mach, lam cham, trc ché va anh huong ciia ching dén qué trinh tring hop

Xét qua trinh tring hop gbc monome M, khi sir dung chit khoi mao I va qua trinh
duogc tién hanh trong dung moi S. Ba giai doan co ban cua qué trinh trung hop 1a : khoi mao,
phat trién mach va ngat mach dugc bi€u dién mdt cach tong quat nhu sau:

ki

I - 2R
kp

R°+nM & R(-M-)-M°
ko

R,° + Ry’ - Rq-Rin

Ngoai 3 giai doan co ban trén thi trong nhleu truong hop con xdy ra cac phan mg
chuyén mach. Phan tmg chuyén mach xay ra s€ lam mat di gbc tu do cii (R?), tao thanh gbc tur
do méi. Tuy thugc vao hoat tinh cia goc tu do moi tao thanh nay ma phan Gng phat trién
mach co thé xay ra tao thanh mach phan tir méi, hodc 1am giam téc d6 cua qué trinh. Nghia 1a
khi c6 phan tng chuyén mach xay ra thi s& anh huéng dén do trang hop trung binh cua
polyme va téc d6 chung ciia qua trinh tring hop.

Mot cach téng quat, trong h¢ phan tmg gdém c6 monome (M), polyme (Pr), dung moi
(S), chit khoi mao (I) va vé nguyén tac phan Gmg chuyén mach c6 thé xay ra trén tit cac tac
nhan d6. Vi nong d6 chit khoi mao rit nho, nén phan tng chuyén mach qua chét khoi mao
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(néu c6) thi tdc do s& rat bé, co thé bo qua phan tng nay. Do d6 chung ta chi xét cac phan tng
chuyén mach qua monome, polyme va dung moi.

Kk

R°+M — R+M° VM = kM[RO] [M]
kPm

RO + Pm —_ R + Pmo me = kpm [RO] [Pm]
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ks
R°+S - R+ S° vs =k [R°][S]
Va, Vpm VA V¢ 12 tdc d6 ctia phan Gmg chuyén mach qua monome, polyme va dung moi
Téng quat néu goi A 1a tac nhan chuyén mach ta c6 thé viét:

ke
R°+A - R + A°

k. 1a hang s0 toc dd cua phan tng chuyén mach.

Tuy theo hoat tinh cta géc tu do A° duoc tao thanh so véi géc tu do R° ma ta phan loai
tac nhan A ra cac truong hop sau:

1. A 1a chit chuyén mach
Néu géc tu do A° dugc tao thanh c6 hoat tinh twvong duong véi géc tu do R° ban dﬁu,,
khi d6 goc tu do A° c6 thé tham gia phan g phat trien mach véi monome c6 trong hé.
kPA
A° + nM - A-(M)p. - M°
kpa 12 hang s toc do phan tmg phat trién mach trén gbc ty do A°
Trong trudng hop nay, do ke = kpa nén tdc d6 chung cua qua trinh tring hop khéng

thay doi, nguoi ta n6i "mach dong hoc" khong thay d6i, trong khi d6 khéi luong phén tur trung

binh ctia polyme tao thanh qua phan tmg phat trién mach trén gbc tu do ban dau R° bi giam,
do d6 "mach vat chat" bj giam.

Nhu vay khi c¢6 phan tng chuyén mach xay ra da 1am giam khéi luong phan tir trung
binh cua polyme. Cu thé nhu sau :

Khi c6 phan g chuyén mach thi d6 tring hop trung binh p dugc tinh:

2.10
Vi + VM + VPm+ VS ( )
1 V. \Y \Y \Y
hay — = tig vy Yemy Vs
P VD Vp Vp Vp
1 _ v, : kMR"M+ kl,mR"Pm+ k. R°S
P v, kR°M KkR°M k,R°M
1 \'A Pm S
== _I+CM+ CPm_+Cs_ (2.11)
P v, M M
k k k . .
voi: Cy= - G, - kpm ; Cg = k—s 1a cac hé s6 chuyén mach qua monome,
P P P

polyme va dung moi.

Tir biéu thirc (2.11), ta thay do tring hop trung binh p s& ¢6 gia tri 16n nhét khi cac

hang s6 chuyén mach Cy = Cp, = C, = 0, nghia 1 khi khéng c6 cac phan tng chuyén mach

xay ra. Hay noi cach khac, su chuyén mach lam giam khéi lwong phan tir trung binh cua
polyme.
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Dic biét, néu phan g chuyen mach qua polyme thi phén tir polyme s€ tr¢ thanh goc
polyme va phan tmg phat trién c6 thé xay ra & d6 va két qua 1a thi thu duoc polyme co cdu
triac mach nhanh.

.. -CH,-CHX-CH,-CHX-C°H-CHX-CH,-CHX-... + (p+1)CH,=CHX

- ....CH,-CHX-CH,-CHX-CH-CHX-CH,-CHX-...

|
(CH,-CHX),-CH,-C°HX

2. A 1a chit 1am chiam

Néu goc A° tao thanh ¢4 hoat tinh kém hon so voi goe R° ban déu thi kea < ke, do d6 8
lam giam toc do cua qua trinh trung hop dong thoi lam giam khoéi lugng phan tir trung binh
cua polyme.

Nhitng chit 1am cham thuong dung 13 cac hydrocacbon clo hoa: CCly, C,H,Cly,..., cac
mercaptan (dodexyl mercaptan, amylmercaptan, tertbutylmercaptan), axit triglycolic...

Nguoi ta ing dung rong rai chat 1am cham trong cong nghiép tong hop polyme, dic
biét trong san xudt cao su téng hop dé diéu chinh khéi lwong phan tir ciia polyme. Ham luong
chat diéu chinh sir dung trong khoang 2 - 6% so v6i luong monome.

3. A 1a chit irc ché:

Néu gbc A° sinh ra rit kém hodc khong hoat dong. Do do, khi co mat chat wc ché thi
phan Ung tring hop khong xay ra, chi khi nao chat trc ché hét tac dung, phan tng trung hop
méi tiép tuc binh thuong.

Chat trc ché dugc dua vao véi mot luong rit nhé nhung co tac dung 1am cham dang ké
hoac lam dung han qua trinh trung hop.

Co ché tac dung cta chit trc ché co thé giai thich theo 2 cach nhu sau:
+ Ngoai tbc do phan Gmg phat trién mach trén gbc R°

kp
R°+nM & R(-M-)-M°

con ¢ toc do phan tng chuyén mach qua chat tc ché A:

ke
R° + A - R + A°

Trong trudng hop nay ke >> kp cho nén c6 thé xem nhu phan tng phat trién mach
khong xay ra. Chi dén khi hét A thi goc R° méi tham gia phan ung trung hgp binh thuong.

+ Phan tng gitra gdc R° voi chat e ché A tao thanh gbc méi bén (rat kém hoat dong)
do vay s€ lam dung phan tng trung hop.

R°+ A - RA°

Céc chét (rc ché trong qua trinh tring hop c6 thé 1a nhitng hop chét hiru co hodc vo co.
Thong thuong nguoi ta hay st dung céc phenol da chitc nhu hydroquinon, pyrocatesin, cac
amin thom, cac hop chat nitro thom nhu trinitrobenzen,
2,4-dinitroanilin, cac mudi Cu, Fe, Cr clia cac axit axetic, salixylic, acrylic ...
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Tac dung trc ché cua hydroquinon chi thé hién khi c6 mit oxy hodc hop chat peoxyt.
Co ché cua qua trinh xay ra nhu sau: dau tién hydroquinon bi oxy hoa tao thanh quinon, sau
d6 quinon s€ két hop véi cac goc tur do hodc mach dang phat trién lam dung phan ing.

OH 0] OR
|  oxyhod || +2R° 6
| ] |
OH O OR

Trong thuc té nguoi ta sir dung chét wc ché dé bao quan monome khi vén chuyén hay
tang trir (nghia la trong truong hop nay chung ta khong muén phan Gng trung hop xay ra), de
nghién ctru giai doan khoi mao cta phan Gng trung hop (thém chit {rc ché vao dé ngan can
giai doan phat trién mach va ngit mach xay ra).

Can luu y: su phan biét chét lam cham hodc chat trc ché trong thuc té chi c6 tinh tuong
d6i, boi vi cing mot chat nhung c¢6 thé dong vai trd chat lam cham trong trudng hop nay
nhung c6 thé 13 chat @rc ché trong truong hop khac. Vi du I, 1a chat e ché trong phan ung
tring hgp MMA nhung 14 chat 1am cham ctia phan (g tring hop styren.

Xét qua trinh trung hop styren trong 3 trudong hop :

1. Khong c6 chat chuyén mach

2. C6 N-phtaquinon 0,01% déng vai tro chat 1am cham
3. Co benzoquinon 0,09% dong vai trd chat trc ché

D6 thi biéu dién sy phu thudc cta ham lugng (%) polyme tao thanh theo thoi gian
phan tng t (gi0) c6 dang nhu sau:

Polyme tao thanh (%)

N

1

>

A Thoi gian (g10)
Tai A thi chét rc ché hét tac dung.

Hinh 2.5. T4c dung lam cham, uc ché cua cac loai quinon
do1 véi qua trinh trung hop styren.

2.6. CAu tric khong gian ctia mach polyme trong qué trinh tring hop gdc

C6 3 yéu t6 anh hudng den tinh chét co 1y - hoa ly cua polyme do la khoi lugng phan
tir trung binh, do da phan tan va ciu tric cia polyme. Hai mau polyme cting ban chat va khdi
luong phan tir trung binh nhu nhau, nhung néu c¢é cau tric khac nhau thi cac tinh chat co 1y -
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hoa 1y s& khac nhau. Nghia 14 cac sip xép, bd tri ciia cac nguyén tir hay nhém nguyén tir trong
polyme c6 anh hudng dén tinh chat cua polyme.

Trong qua trinh trung hop gdc, phan tng phat trién mach déng vai trd quyét dinh. No6
khong nhitng anh huong dén khéi lwong phan tir trung binh cua polyme, ma con quyét dinh
cau trac cta mach polyme va do d6 quyét dinh cac tinh chit co 1y - hoa 1y cta polyme.

Trong qua trinh trung hop, phan tmg phat trién mach co thé tao thanh n ciu hinh khac
nhau ng v6i cac hang s6 toc do tao thanh cac cau hinh dy 1a: kpi, kps, ..., Ken. X4c sudt clia su
tao thanh cAu hinh i nao do6 sé 1a:

0, = Ky,
n

2 Kn

Xet qua trinh trung hop monome dang vinyl (CH,=CHX) lam vi du. Néu chia
monome dang vinyl thanh 2 phan Dau - Budi va ky hi¢u nhu sau :
bau |CH,F|CH | Dudi

|
X

Khi d6, phan g phat trién mach co thé xay ra theo 4 kiéu nhu sau:

Kp:
S ..CH:CH-CH;-CH’ (1)
| |
X X
ke,
...-CHz-CH0 CHz =CH > ...CHz-CH-CH-CHoz (2)
| | |
X o+ X X X
.-CH-CH®, ks
| > . CH-CH,-CH,-CH° 3)
X | |
X X
Kpq
> ..CH-CH,CH-CH", @)
| |
X X

Céc kiéu ciu trac (1), (2), (3) va (4) thu duoc & trén twong tng voi cac kiéu két hop
nhu sau :

(1) Két hop dau vao dudi
(2) Két hop dudi vao dudi
(3) Két hop dau vao dau
(4) Két hop dudi vao dau

Nhung thyc chat thi ta thiy hai kiéu cau trac (1) va (4) la nhu nhau, ddng thoi hai
kiéu cau trac (2) va (3) 1a nhu nhau. Néu xét vé mit nang luong thi hai kiéu céu trac (1) va (4)
dé tao thanh hon, béi vi cac nhoém thé -X ludn ding cach nhau mot nhoém -CH,- nén twong tac
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day 1a bé, trong khi d6 hai kiéu céu tric (2) va (3) thi trong mach polyme hai nhém thé -X
dung canh nhau vi thé twong tac ddy 16n, ning luong can thiét dé thing luc day nay 16n va do
do6 sé kho tao thanh hon.

C6 thé xac dinh ciu trac ciia mach polyme bang cac phuong phap phan tich cAu trac
hién dai nhu phd hong ngoai, phd cong huong tir hat nhan hay béng phuong phap hoa hoc
(tuy nhién d6 chinh xac khong cao).

Vi du 1: Xéc dinh céu trac cta polyvinylaxetat

nCH,= CH N -(-CH,-CH-),-

| |
OCOCH; OCOCH;

Gia str mach polyvinylaxetat c6 cau tric nhu sau:

OCOCH;

|
-CH,- CH- CH,-CH-CH-CH,-CH,-CH-

| | |
OCOCH; OCOCH;  OCOCH;

Pé xac dinh xem c6 bao nhiéu nhom két hop kiéu (1) hay (2) ching ta tién hanh cac
budc nhu sau: .
- Thuy phan trong moi truong kiém, thu duogc :
-CH,-CH-CH,-CH-CH-CH,-CH,-CH-

| | |
OH  OHOH OH

- Dung HIO, oxy ho4 va cit mach ta duoc:

-CH,-CH-CH,-CHO + -CH-CH,-CH,-CHO

| |
OH OH

- Su ngit mach lam giam khéi luong phén tir cua polyme, va ta thdy rang sy gét mach
chi xay ra khi 2 nhém -OH ding li€n nhau, nghia la tng véi ki€u cau trac (2). Vay bang cach
xac dinh khoi lugng phan tir ctia polyme trude va sau khi cat mach ta biét dugc ty 1€ cau truc
(1) va (2) trong mach polyme.

Vi du 2: Xéc dinh céu trac cta polyvinylclorua

nCH,=CH - -(CHx-CH-)n-

| |
Cl Cl

Gia st mach polyvinylclorua c6 cau truc nhu sau :

-CH,-CH-CH,-CH-CH-CH,-CH,-CH-

| | |
Cl Cl Cl Cl

Néu cho Zn kim loai vao dung dich cta polyvinylclorua thi Zn chi két hop véi hai
nhom —Cl cach nhau 1 nhém —CH,— cua mach polyme va dong vong 3 canh, ta duogc:

-CH,-CH - CH-CH-CH,-CH,-CH- + ZnCl,
N7 |
CH, (I Cl
18
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Dinh luong ZnCl, tao thanh ta biét duoc ty 16 ciu triic (1) va (2) trong mach polyme.

Gia su trong qua trinh trung hop ta thu dugc san pham polyme c6 cau trac (1) dang
mach thang. Nhung ban than cau truc (1) lai ¢o6 thé ton tai 2 dang cau hinh khéac nhau, do la:

- Chu hinh izotactic: polyme c6 cdu hinh izotactic khi hinh chiéu cia mach
polyme 1én mot mat phang thi cdc nhom thé nam vé cung mot phia.

-CH,-CH-CH,-CH-CH,-CH-CH,-CH-

| | | |
X X X X

- CAu hinh syndiotactic: polyme c6 c4u hinh syndiotactic khi hinh chleu cua mach
polyme 1én mot mit phang thi cac nhom thé nim luan phién vé hai phia khac
nhau

X X X
| | |
-CH,-CH-CH,-CH-CH,-CH-CH,-CH-CH,-CH-CH,-CH-

| | |
X X X

Néu polyme thu duoc co cu hinh izotatic hodc syndiotactic thi ngudi ta goi polyme
cO cau truc “di€u hoa lap thé”, nghia la cac nguyén tir hay nhom nguyén tir trong mach
polyme sap x€p theo mot quy luat nhat dinh.

Trong thyc té, bang phan tmg trung hop gde rat kho tong hop duoc polyme c6 ciu triic
“diéu hoa 1ap thé”, ma thong thuong nhin duoc san phim 1a hdn hop cua 2 loai ciu hinh
izotactic va syndiotactic va dugc goi 1a atactic, cac nguyén tir va nhém nguyén tir sip xép
mot cach ngﬁu nhién khong tuan theo mdt quy 1at nao. Vi du:

X X X

| | |
-CH,-CH-CH,-CH-CH,-CH-CH,-CH-CH,-CH-CH,-CH-

| | |
X X X

Céu hinh izotactic (i) hay syndiotactic (s) déu dugc tao thanh voi tc do nhat dinh,
duoc dac trung boi hang so toc do ke, kps.

Goi a; 14 x4c suat tao thanh cAu hinh izotactic trong san pham, ta cé thé viét:

k..
- Pi
Ttk
Pi Ps
~Epg
RT
L: 1+ kp, _ A, e
. ‘ “Epi
1 Pi A RT
Pi.e

D6i v6i mot monome c6 thé xem Ap, = Ap;, khi do:
dE

: 3

— > 1+ &RT (212)
a

Vé'l BE:EPi - Eps.

Thong thudng Ep > Ep, tuy nhién mirc d6 chénh 1éch khong 16n 1im. Ching ta biét
rang, theo dong hoa hoc néu phan ing nao c6 nang lugng hoat hod E, cang 16n thi mac do anh
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huong cia nhiét do dén toc do phan ing d6 cang lon. Vi vay néu nhiét 6 qua trinh trang hop
cang cao thi ty 1& cdu hinh izotactic cang chiém uu thé.

2.7. Cac phuong phap tién hanh trang hop gbc

Tuy thudc vao diéu kién tién hanh, ban chit ciia monome va tinh chét su dung cua
polyme ma nguoi ta sit dung mot trong cac phuong phap trung hop sau:

2.7.1. Trung hop khéi

Trung hop khéi 1 phuong phap tién hanh trung hop monome ¢ pha ngung ty, khong
dung dung moéi. San pham 13 mot khdi polyme rin c6 hinh dang cua binh phan tmg. Chét khoi
mao thuong su dung la cac peoxyt hitu co. Theo mic do trung hgp, dd nhét ciia moi trudng
tang dan va gay tro ngai cho vi¢c thoat nhié¢t, do do6 & cac vi tri khac nhau trong hé cé nhiét do
khac nhau va diéu nay 1am cho polyme thu dugc khong dong nhit vé khéi lwong phan tir. Dé
khic phuc nhuwoc diém nay ngudi ta thuong tién hanh trung hop khdi véi te d6 nho va trong
mdt thé tich khong 16n 1am.

Mot nhuge diém cua phuong phap nay 1a rat kho giir cho nhiét do déng déu trong ca
hé thng vi vay san pham 1a polyme 1a da phan tan, ngoai ra viéc ché bién san pham gip
nhiéu khoé khan. Vi vay nguoi ta thuong trung hop khéi trong nhitng binh phan tng c6 may
khudy va tién hanh phan tng qua 2 giai doan ¢ hai binh phan tmg khac nhau dé khi di chuyén
thi su trao ddi nhiét xay ra dé dang hon va thuong diéu ché nhitng san phim dem dung duoc
ngay ma khong can phai ché bién, gia cong.

Vi du qua trinh tong hop styren bang phuwong phap trung hop khéi c6 so d6 & hinh 2.7.

Cho styren va cac phu gia can thiét vao hai binh phan tmg 1 va 2. Gia nhiét dén 80°C
va khudy déu hdn hop phan tGng, thuc hién phan Gng tring hop dat do chuyén hoé (q) khoang
30%. Sau d6 thao vao thap trung hop chinh (3), ning nhiét d6 1én 110°C & dau thap va 190°C
& cudi thap. Cudi cung cho qua may dun (4) dé thu san pham.

Bang phuong phap trung hop khdi ngudi ta co thé san xut cac loai thuy tinh hiru co
trong sudt tur styren va M.MLA bang cach cho monome vao khudn c6 hinh dang ctia san pham
can thiét rdi tién hanh trang hop.

Phuong phép trung hop khdi tién hanh don gian, tién loi, nhung c6 nhuoc diém 16n 1a
kho c6 thé duy tri nhiét do dong déu trong toan bo khdi phan tng. Vi vy, tbe do phat trién
mach ¢ cac ving c6 nhiét do khong dong déu 1a khac nhau va do d6 san pham thu duoc 1a
polyme c6 d¢ da phan tan cao.

Styren

12h.com
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chinh
190°C

4 — san pham

Hinh 2.7. So d6 trung hop khéi styren
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2.7.2. Trung hgp dung dich

i Bang phuong phap nay, phai sir dung cac monome tan trong dung moi, con polyme co
the tan hoac khong tan.

Trudng hop néu polyme tao thanh tan trong dung méi thi thuan loi nhat 13 ngudi ta st
dung ngay dung dich polyme thu dugc, do chinh 1a qua trinh diéu ché vecni, keo dan. Néu
muon tach polyme ra khoi dung dich thi c6 thé sir dung mét trong 2 phuong phép, d6 la
phuong phap két tia bang cac st dung dung mdi khac khong hoa tan polyme cho vao dung
dich polyme thu duoc hodc bing phuong phap chung cat dé loai dung méi.

Phuong phap trang hop dung dich cho phép tranh dugc nhugce diém cua phuong phap
trung hop khéi. Sy ¢6 mat cua dung méi 1am cho d6 nhét cia hé giam va sy trao doi nhiét
trong toan hé dé dang hon, nhiét dJ cta toan h¢ sé dong déu.

Nhung phuong phép nay lai c6 nhuoc diém 1a c6 thé xay phan tmg chuyén mach qua
dung moéi lam giam khoi lwong phan tir trung binh ctia polyme. Mit khac vi tring hop trong
dung dich nén ndng do ctia monome khong thé 16n nhu tring hop khéi, nén polyme thu duoc
¢6 KLPT trung binh thép.

2.7.3. Trung hop nhii twong

Phuong phap nay dugc sir dung rong rii nhat trong cong nghiép. Trung hop nhii tuong
xay ra véi tbe do 16n & nhiét do twong ddi thp, diéu nay cho phép thu duoc nhimng polyme cé
phan tir lugng cao va it da phén tan. Trong qua trinh trung hop nhi tuong thuong sir dung
nudc lam moi truong phan tan dé tao nhii twong va ham lugng monome vao khoang 30 - 60%,
duoc phan bd déu trong hé. Hé nhil tuong thuong khong bén, nén ngudi ta cho thém vao hé
chat nhil hoa dé ting cuong su tao nhil va tinh bén viing cta nhii twong. Cac chit nhii héa
thuong dung la xa phong oleat, palmitat, laurat cua kim loai kiém. Phan tir chét nhii hoa c6
cau tao gobm mach hydrocacbon dai khong phan cuc va mot nhom phan cyc, trong dung dich
chiing tao thanh nhitng mixen. C6 2 dang cau tao ciia mixen 1a mixen dang tim va dang cau.

7777 A2
i 1N

Mixen dang tam Mixen dang cau

Bay gid néu cho monome khong tan trong nudc vao thi mot phan cac monome s&
khuéch tan vao trong cic mixen, phan con lai s& lo ling trong nudc. Chit khoi mao thuong
dung 13 nhirg chét tan trong nudc nhu hydropeoxyt, pesulfat, peborat... Nguoi ta ciing sir
dung rong rai h¢ khoi mao oxy hod khir trong trung hgp nhii twong, vi nhiing hé nay co tac
dung rat t6t trong moi truong nude.

Trong trung hop nhi trong ngudi ta thuong dua thém chat diéu chinh qu4 trinh tring
hop va céc chit dém (photphat, axetat ...) dé gitr cho pH cua méi truong 6n dinh, vi pH cta
mdi trudng c6 anh hudng dén @6 6n dinh cua nhii trong ciing nhu dén dong hoc cua phan
{rmg, nhét 13 trong truong hop st dung hé khoi mao oxy hoa khur.

Qua trinh tring hop s& dién ra trong 10ng cic mixen, ndng d6 ciia monome ludn ludn
dugc bu dép tir nhitg giot monome bén ngoai. Qua trinh ¢t thé tiép tuc cho dén khi mot goc
tir do khac khuéch tan vao mixen va gdy phan tmg ngét mach. Kich thudc cua cic mixen dan
dan ting 1én va dén mot luc nao do6 thi bi pha v, khi d6 phan tmg trung hop van tiép tuc xay
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ra trong cac hat polyme bi truong. Thuc nghiém cho thdy rang & d6 chuyén hoa khoang 15 -
20% céc mixen bi pha huy hét.

Nghién ciru dong hoc tring hop nhil twong cho thdy rang vai tro cua chat nhii hoa
khong chi ¢ chd ting cudng va 6n dinh nhii twong ma con anh hudng tryc tiép dén qua trinh
trung hop va & mot mirc d6 dang ké, quyét dinh co ché cua qua trinh trung hop. Khi ting nong
d6 chit nhii hoa, tbc d6 trung hop ting 1én.

Vi du: Xét qua trinh trung hop nhii twong cta metylmetacrylat duoc tién hanh trong 3
truong hop :

1. khong c6 chét nhii hoa
2. ¢6 chét nhii hoa kali palmiat 0,38 mol/l.
3. ¢6 chat nhil hoa kali palmiat 0,87 mol/l.

q(%)
A 3
2
1

>

t (ph)
Hinh 2.8. Sy phu thudc gitta d6 chuyén hoa vao thoi gian phan tmg trong qua trinh
trung hop nhii trtong MMA khi khong c6 va c6 chat nhii hoa

2.7.4. Trung hop huyén phu

Trung hop huyen phu hay con goi 1a trung hop giot. Co ché va dong hoc ctia phan tmg
trung hop huyén phu gin giong nhu trung hop khéi. Cac "khéi" ¢ day 1a cac giot monome
khuéch tan trong nuéc. Chat khoi mao dugc sir dung la cac peoxyt hiru co hodc cac hop chat
azo va diazo tan trong monome. Kich thude cac "khdi" c6 thé diéu chinh dugc bang cach thay
d6i téc do khudy, ham luong chit 6n dinh. Bang phuong phép tring hop giot nguoi ta thu
dugc huyén phu cua polyme, ngoai ra cc tiéu phan polyme (hat) trong trudng hop ndy 16n
hon nhiéu so véi trung hop nhil twong.

Dé ting d6 bén cua nhil trong ngudi ta ding cac chit 6n dinh 1 cic polyme tan trong
nudc nhu gelatin, tinh bdt, polyvinylalcol...

Do kich thuge cua cac "khdi" nhd nén su trao ddi nhiét xay ra dé dang, tde do phan
ung khéa dong déu trong toan hé, vi vay polyme thu dugc c6 do da phan tan nho.

2.7.5. Trung hop trong pha khi

Phuong phap nay thudng duoc ap dung ddi v6i nhimg monome nhém anken, vi du
etylen (CH,=CH,). Uu diém ctia phuong phap nay 1a dé dang diéu chinh nhiét do cta hé va
diéu chinh khdi lugng phan tir ciia polyme, nhung phuong phép nay doi hoi phai thuc hién &
nhiét do va ap suét cao nén chi phi 16n, d an toan kém.
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