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chu dé cua tac gla khac. Tai li¢u ndy bao gom nh1eu tai liéu nho co cung chu
dé bén trong nd. Phan ndi dung ban can c0 thé nam 6 giira hodc & cuoi tai lidu
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1.1 Lich str phat trién

— 1820 Thomas Hancock phat hién ra rang khi nghién
cao su chay tot hon, dé trén hop voi chat ddon va
dé tao hinh.

— 1839 Charles Goodyear nhan thay tinh chat dan hoi
cda cao su tw nhién co thé tang Ién, va dd dinh bi
loai bo khi dwoc dun néng véi lwvu huynh - dwoc
cap bang sang ché vé Iwu hoa cao su tw nhién

— 1851 Nelson Goodyear (anh trai cua Charles) dang
ki sang ché khi lwu hoa cao su tw nhién v&i mot
lwong 1on lwu huynh tao thanh vat liéu rat cing
(thwdng goi la cao su cirng) — ebonit hay vulcanit

— Xenlulo nitrat (nitroxenlulo)

» Christian Schonbein phat hién nam 1846, dwgc
dung pho bién lam thuéc no.

- Ung dung quan trong hon cta Xenlulonitrat 1a
lam chat déo do c6 tinh chat dan héi, dé tan
trong dung moéi thich hgp va tao hinh dwéi tac
dung cua nhiét va ap suat. Vi du: hén hop cua
Xenlulonitrat va long ndo lam phim chup anh

— 1892 to nhan tao viscoza, mang xellofan

— 1910 nhwa Bakelit phenol-formadehyt (tac gia la
Leo Baekeland) 1a polyme téng hop hoan toan
dwoc san xuat cdng nghiép va thwong mai hoa.

— Cao su nhan tao dau tién dwoc tébng hop t 2,3
dimetyl butadien & Bdrc trong chién tranh thé gidi |.
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1.1 Lich str phét trién (tiép theo)

Sw phét trién cla nganh cong ngiép polyme bi han ché vi su han
ché hiéu biét vé ban chét cua polyme. Cac nha khoa hoc chi nhan
biét dwoc mét sb tinh chat bat binh thwdéng cla polyme va nhin
cplunﬁ; ho coi tinh chat cda polyme la tp hop cha nhirng phan to
nho hon.

Hermann Staudinger (1920) da dwa ra mét sé gia thuyét va nhirng
khai niém quan trong trong nganh khoa hoc polyme:

— Polyme dwoc tao béi nhirng phan t rat lon 1a nhivng chudi
nhirng don vi hoa hoc don gian lién két véi nhau bang lién
két cong hoa tri

— Buwa ra khai niém dai phan t&r dé mo ta polyme.

— Cac thyc nghiém nghién ctu vé phwong phap tdng hop, tinh
chét, cau tric clha Rolyoxymetylen va polystyren da cho mot
can clr virng chac vé quan diém dai phan tu.

— Céc gia thuyét cta Staudinger da dwoc chirng minh xa hon
nira bang nhirng nghién ctru tinh thé hoc cta cac polyme tw
nhién Herman Mark, Kurt Meyer va cac cOng trinh clda
Wallace Carothers vé ché tao polyamit va polysyren.

Pau thap ky 1930 hau hét cac nha khoa hoc déu bj thuyét phuc vé
cau trac dai phan tl cda polyme.

Trong vong 20 nam sau, nhirng cong trinh vé polyme tang nhanh
chong, S ra doi tap chi Polymer Science dang nhirng cong trinh
nghién cru khoa hoc cua polyme va nhirng khai niém co ban caa
nganh khoa hoc polyme Nhirng ly thuyét va thwe nghlem cua Paul
Flory ndi bat trong giai doan nay, va ong da nhan giai Nolben Hoa
hoc 1974 vi nhitng déng gop lau dai va quan trong cta ong trong
linh vwc khoa hoc polyme. Nam 1953 Staudinger da nhan gial
Nobel vi nhitng cong trinh nghién ctru tién phong trong linh vuce
nay.
M6t lwong Ién nhivng polyme téng hop dwoc thwong mai hoa
nhw: polystyren, poly(metyl metacrylat), nylon 6,6, PE, PVC, ....
M6t sO linh vwe (rng dung tién tien cﬁq polyme: ‘

— Polyme chiu nhiét, chiy oxy hoéa tot rng dung trong tau va tru

— Nhuya ky thuat thay thé cho }(im Ipai

— Polyme khéng chay, giam toi thieu lwong khoi hoac hoi doc

— Polyme phén huy sinh hoc

— Polyme &ng dung trong sinh hoc vi du: chi tw tiéu, co quan

ndi tang nﬂhén tao
— Polyme dan dién
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1.3 Cac khai niém co ban trong hoa hoc polyme
1.3.1 Dinh nghia

* Sw khac nhau gitia hop chat thap phan tle va hop
chat cao phan tw

o H_c_:c—H H_:c_lc_'c_H —
metan etan Hpm:an ) polyetylen
Sé nguyén tte C | Trang thai vatinh chéat ng dung
1- 4 Khi Khi dét (gas)
5-11 Léng xang
9-16 Chéat 16ng c6 dd nhét trung | Dau Iva
binh
16 - 25 Chéat 1éng c6 dd nhét cao Dau va m&
25 - 50 Dang ran —tinh thé Séap prafin
50 - 1000 Dang ran — ban tinh thé L&ép pha, chong
tham
1000 - 5000 Dang ran - dai Mang, d6 dan dung
3-6x105 SO Gang tay mo, &o
chong dan
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1.3.1 Dinh nghia

< Polyme 1a hop chéat cao phan t& dwoc ciu tao tir rat
nhiéu nhdm co6 cau tao hoa hoc giéng nhau lap di lap lai va
chdng ndi véi nhau bang lién két dong hoa tri.

< Oligome — polyme khéi lwong phan ti thap (hop chat
trung gian), chwa mang nhirng dac trwng tinh chat nhw
polyme. Sy phan biét gil(ra oligome va polyme khong rd
rang, tuy nhién oligome khdng co6 sw thay dbi rd rang voi
nhirng tinh chat quan trong.

“* Monome la nhirng phan t& hiru co don gian cé chra
lién két kép (d6i hodc ba) hodc cé it nhat hai nhém chirc
hoat déng c6 kha nang phan (ng véi nhau tao thanh
polyme — tham gia phan ung trung hop.

% Mt xich co bdn (repeating unit or monomeric unit):
la nhirng phan lap di lap lai trong mach polyme.

Vi du:

~*HC—CH—H,C—CH—H,C—CH—H,C—CH~ polystyren

n

'VV\J|(|:4<CH24 |C|: l|\|_(CH36—[|\|_
@]

o | H H

i CH4|c|: l|\l—(CH2)6—l|\l’VW Polyamit 6,6
0 o| H H

n
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< Nhom cuéi (end groups) 1a nhom nguyén t& dac trung
nam & cubi mach polyme. Nhirng oligome hoat ddng c6
chira nhom cudi cé6 khd ndng tham gia phan &ng tring
hop thwdng dwoc dung dé tdng hop copolyme va polyme
khéng gian (vi du: nhiwa epoxy).

< D6 tring hop (P) (degree of polymerizaion) 1a s6 mat
xich co ban trong phan t&r polyme
M= M,_.P

Trong dé: M, khoi lwgng phéan tlr ciia mat xich co ban

M khéi lwong phan té cdia polyme
Nhirng phan t&¢ polyme cua mot polyme khéng cd cung
chiéu dai hay khdi lwong phan tr > khai niém: dé trang
hop trung binh

¢Homopolyme la nhirng polyme dwgc tao thanh tir mot
loai monome

AAAAA-AAA-AA-AAAAA-AAA-

Homopolymer

< Copolyme la polyme dwgc tao thanh t hai hay nhiéu
monome khac nhau. Rat nhiéu polyme tong hop co gia tri
thwong mai, vi du: ABS, cao su Buna-S, ...

Sw sap xép clia cac monome trén mach copolyme phu
thudc vao phwong phap va co ché tong hop. Co thé chia
thanh cac loai sau (cac vi du sau trong trwong hop

copolyme cé chiva 2 loai mat xich co ban khac nhau)
8
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-A-B-A-B-A-B-A-B-A-B-A-B-A-B-A-B-A-B-
Afternating copolyvimer
Copolyme déu dan
-A-A-A-A-A-A-A-A-B-B-B-B-B-B-B-B-
Bilock copolymer
Copolyme khbi
-A-A-B-A-B-B-A-A-A-B-A-B-B-B-B-A-
Random copofvmer
Copolyme ngau nhién
~A-A-A-A-A-A-A-A-A-A-A-B-A-A-A-A-
o oo

-d4-9-9-9-4-9-
-d4-9-9-9-d4-9-

Graft copolymer

Copolyme ghép

1.3.2 Nguyén liéu ban dau cho polyme -
monome

- Qua trinh tong hop polyme bao gom 2 giai doan: dieu
ché monome va chuyén hoa chung thanh polyme

-Nguyeén liéu quan trong nhat dé diéu ché monome la dau
mé, khi tw nhién, khi ddng hanh, san pham cda qua trinh
chwng than da.

(so'dbé kém theo)
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S¢ dé chuyén hoa khi tu nhién va khi dong hanh thanh polyme
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So do chuyen hod dau mé thanh polyme

polyme
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3.3 CAu tao polyme

1.3.3.1 Khdéi lwrong phan t& va sw phan bé khéi lvong phan tir

« R4t nhiéu tinh chat cta polyme phu thudc vao kich thwéc
cdia mach polyme = can phai mé ta kich thwdc ctia chang.
« M6t phan t&r polyme riéng 1& c6 khdi lwong rat nhd,
khoang 10-1° dén 1018 g
« Khdi lwong phan t&r phan mol, M, (goi tat 1a khéi lwong
phan t&) c6 don vi g.mol-1 hoac kg. mol-1.
« Vi mach polyme c6 chiéu dai khac nhau nén khéi lwong
phan t& dwoc biéu dién bang khéi lwong phan td trung binh
M (l4y gia tri trung binh vé mat s hoc)

Khéi lwong phan té trung binh sb6

Mn :ZXiMi

MHZZNiMiZNi

Trong d6: X; 1a phan mol cua phan ttr co khdi lwong phan to
M., N. sO phan t& c6 cung khoi lwgng M,

e Khdi lwong phan tlr trung binh khoi

te
M, = (wM,)
M, => N;M? /> NM,
Trong do: w. phan khéi lwong ctia phan tl co khdi lwong M,

W; = NiMi/ZNiMi

12
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« Hé& s6 da phan tan (polydispersity or heterogeneity index)

M, /M,

* Y nghia do bé rong cua sw phan tan khoi lwong phan tdr

M, /M. =15-20 ~c6 nhiéu polyme nhé hon
hoac I&n hon rat nhiéu gia tri trung binh

M—W/M—n =1 (phan tan don - monodisperse) phan to
polyme co kich thwéc gan bang nhau.

Doi véi polyme dong thé (dwoc tao thanh ty mot loai
polyme) c6 quan hé gitra khoi lwong phan tw trung binh
va do trung hop trung binh sé va trung binh khai

« C4c phwong phap xac dinh khdi lwong phan td trung
binh s

+ Phwong phap tham thau mang

+ Phwong phap tham thau hoi bdo hoa

+ Phan tich nhém cudi
« Phwong phap nhiéu xa (anh séng tinh, anh sang déng,
tia Ronghen, tia neutron) cho phép xac dinh truc tiép gia
tri khéi lwong phan td trung binh khoi
» Phwong phap sac ky tham thau gel (sac ky) cho phép ;5
xac dinh gian tiép , va chi s6 da phan tan.
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Phwong phap sac ky leng (GPC) —

Gel permeation chromatography

Mobile Phase

Direction

of flow

SRR ety
LTI WY
IR RATLL A L LY
AT TR IA R I LTI
TR IR T A Y
AT IR LTI A T T Y
LEREONRRNEE NN

Figure 3.16 The size exclusion effect. The short chain can enter the pore, whereas the long chain

will
pass by.
Columns L
Solvent i
aste
Detector(s)[™ oji00t
Solvent
Delivery Injector
Sretan Recorder
Sample

Figure 3.17  An illustration of the modules that make up GPC instrumentation (77).

14
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Gel Permeation Chromatography

TIME LARGE SMALL
SEQUENGE: (A) SAMPLE _ (B) SIZE (C) SOLUTES (D) SOLUTES
INJECTED ' SEPARATION  ELUTED  ELUTED
'] ﬁ + llv
SAMPLE
% S SIeT
000 000 000
00 . 00
o0 d (oYeYe
(e)e) : O, 00
POROUS |0 OO OO [eYeTe
PACKING 00 : 00
eYoYe -\ 4 000
00 [e]e) 00
00 Q00 Q00
00 [¢]e) [e)e)
OO0 O fele]e oL
00 [e]e) «0.0,]
000 Q00| @00
00 (o]e) cQQ.
[eYe]e 000 [
CONCENTRATION
DETECTOR tﬁ’ 3
CHROMATOGRAM
(CONCENTRATION
ELUTION CURVE)
INJECTION
é 1 1 1
D) RETENTION
(é)_ " _(B_,. _____ © ©) TIME
tay=Vey/F

Figure 3.18 lllustration of the GPC experiment (81). The sample is injected into a solvent, which flows into a
porous packed bed. The larger molecules flow straight through, whereas the small ones are temporarily

held up.

Chromatogram

internal
standard

Signal

MMD

1/

logM

e Signal to weight fraction

\ elution time -
\ N ,
. " Time to volume K K
: i
T 3
|l Al
lI
5|
g ‘
=] :
(73} : 2
v\ ]
™ Telution volume! ' P tiogM
H H . [l
bt : b
= [ 1 Calibration . v
2 : v . : L
- I cclm e e s ame = i === == === === P -
----- e s mmE ... --—--- »

Volume to molar mass

elution volume

Figure 3.20 The molecular weight and molecular weight distribution are determined with standards precali-

brated via an absolute method such as light-scattering.
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13.3.2 Hinh dang phan to polyme

(az mach
thang

(b) mach nhanh

e
=~

(c) hinh sao

\ (d) hinh rang lwoc

(e) hinh thang

(e) hinh cay
(dendrimers and
hyperbranched polymer)

16
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13.3.2 Hinh dang phan to polyme

3 Ring macromolecules

a) unknotted ring macromolecule

b) knotted nng macromolecule

¢) tangling of two ring macromolecule

d) olvmpic gel

2) tangling of two complementary strands into

a double helix

13.3.3 Cau triic phan tr polyme

a) Lién quan dén sw sap xép cia nguyén tlr va nhém
the trong mach chinh

nH,c—=CH —» ~H,C—CH—HC—CH,—CH,—CH—HC—CH,v PN A+ a4
2 | | | Bau nbi dau
R R R R R

nHzc,:C|:H — foszc—CH—CHz—C':H_HzC_C':"rW” D‘éu n6| dudi

R R R R 17
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> Néu xét vé mat nhiét ddng hoc va céau tric khéng gian thi
cau truc dau nbéi dudi chiém da sd, mac du da sb polyme
chira mét lwong nhé clu trac dau nbi dau.
> Néu tdng hop dwoc hai dang cu tric dau ndi dau va
dau ndi dudi riéng biét thi tinh chat cda 2 polyme khac nhau
rat lon
Vi du: polyisobutylen (Malanga va Vogl — 1983)

cau tric dau nbi dau c6 Tm = 1870C

cau tric dau ndi dudi chi két tinh dwdi ap suat va Tm =
50C

b) D?)'ng phan quang hoc: khi c6 nguyén tr cacbon bat
doi trong mach polyme

| izotactic

R R R R
! A S N
n HchC‘Z —»  ,wH)C—C——CH,—C—H,C—CH——CH,—C~ syndiotatic
‘ ok
H ‘ R R I‘-|
n HZC:(‘; —>» ~H,C— C—CHZ—C|Z—HZC—C‘ZH—CH2—C’VW atatic
; b ;

18
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" 1.3.3.4 Hinh thai c4u tao

« Do sy sap xép cla nhirng nguyén tl, nhom thé trén
mach polyme bang cac quay xung quanh lién két don ma
mach polyme c6 thé nam trén mot mat phang (bi kéo dan
hoan toan), hinh xoan 6c, nhirng “bé” ngau nhién.

* Vi du:
it
o & -
\ r'f'\-:l.i'-'--."#.-::. .}%Iﬁﬁ .;?};}?
o0 I~
H‘ L :L!l:' ™
-ﬂ;‘ o ﬁﬁﬁ‘

Chuyén déng nhiét déng hoc cuia phan ttv polyme
¢ trang thai c6 lap (thwdng ton tai trong dung dich

lo&ing hoac & trang thai ndng chay 19
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o

1.4.1 Phan loai polyme

a) Phan loai theo phwong phéap téng hop
+ Polyme ty nhién
+ Polyme trung hop
+ Polyme trung ngwng

b) Phan loai theo cau tao hoa hoc
+ Polyme mach cacbon
+ Polyme di mach: trong mach chinh ngoai nguyén t6
cacbon con c6 cac nguyén té khac nhw O, N, S ...

polyoxymetylen 4<H 2C70>7
n
polyeste ‘fO‘fCH 2>;O—|C|24§CH 2>;|C|:
O O

n

polyuretan #ﬁ_NH‘(CH 2j;NH_ﬁ_O‘<CH zfoi_
y
n

@) @)

R
polysiloxan { | ‘ 1
DR

R n

c¢) Phan loai theo tinh chat

polyme
Polyme nhiét déo elastome P,olyme nhiét
ran
Tinh thé V6 dinh hinh

d) Phan loai theo linh vwe rng dung: chat déo, I&p o
pha bao vé, son, s¢i, cao su, keo dan, polyme
compozit,
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o

1.4.2 Cach goi tén polyme

<% Céach goi don gian nhat tén polyme = poly + tén cla
monome
Vidu: etylen - polyetylen
Vinylclorua = polyvinyl clorua

Polyme di tr d&n xuat thé 1 1an cda etylen c6 chva goc
vinyl CH2 = CH - goi la polyme vinylic

| polyvinylalcol
OH
n
CH 2_(|3H polyvinyl florua
F
n

Polyme di tir dAn xuat nhom thé 2 1an cua etylen cé chiva
g6c vinyliden co tén goi: poly + vinyliden + tén nhom thé

C|:|
CH,—C o
olyvinyliden clorua
| polyvinyliden cl
Cl
™
CHz_C|3 polyvinyliden xianua
CN
n

Polyme di mach: tiép dau ngt poly roi den tén goi hop
chat
Vi du: polyeste, polyamit, polyuretan 21
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Name

yJ Structure Where Used
+'CH; —?H ) “Vinyl” class
R
R=—H Polyethylene Plastic
R = —CH; Polypropylene Rope
R=— Polystyrene Drinking cups
R=—Cl Poly(vinyl chloride) “Vinyl”, water
pipes
0
R= —0—C—CH; Poly(vinyl acetate) Latex paints
R= —OH Poly(vinyl alcohol) Fiber
X
| X = —H, acrylics
CH,—C
Al | K : = -— CHj, methacrylics
0=C—0-—R
= —H,R = +~—CHs Poly(ethyl acrylate) Latex paints
X = —CHj3, R = —CH, Poly(methyl methacrylate) Plexiglas®
X = —CH;j, R = CyH;s Poly(ethyl methacrylate) Adhesives
i
+CH;— (13 + Polyacrylonitrile® Orlon®
C=N _
+CH; —C=CH—CH; ; “Diene” class
I
R
R=—H " Polybutadiene Tires
R = —CH, Polyisoprene Natural rubber
R=—ClI Polychloroprene Neoprene
4 CX; —CRa -, Vinylidenes
X=—H R=—F Poly(vinylidene fluoride) Plastic
X=—F,R=—F Polytetrafluoroethylene Teflon®
= —H,R= —CH; Polyisobutene® Elastomer
Common Copolymers
EPDM Ethylene—propylene-diene-monomer Elastomer
SBR Styrene—butadiene—rubber Tire rubber
Poly(styrene-stat-butadiene)
NBR Acrylonitrile-butadiene-rubber Elastomer
Poly(acrylonitrile~star-butadiene)
ABS Acrylonitrile—butadiene—styrene* Plastic

*Polyacrylonitrile is technicaily a number of the acrylic class because it forms acrylic acid on hydrolysis.
5 Also called polyisobutylene. The 2% copolymer with isoprene, after vulcanization, is called butyl rubber.
‘The term—stat—means statistical, as explained in Chapter 2.

‘ABS is actually a blend or graft of two random copolymers, poly(acrylonitrile—srar—butadiene), and poly
(acrylonitrile—stat—styrene).
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APPENDIX 1.1 NAMES FOR POLYMERS

The TUPAC Macromolecular Nomenclature Commission has developed a systemai=s

AT D el 1. TEAMV ISy 1 Wl oy

nomenclature for polymers (9). The Commission recognized, however, that a number
of common polymers have semisystematic or trivial names that are well established by
usage. For the reader’s convenience, the recommended trivial name {or the source-based
name) of the polymer is given under the polymer structure, and then the structure-based
name is given. For example, the trivial name, polystyrene, isa source-based name, literally
“the polymer made from styrene.” The structure-based name, poly(1-phenylethylene), is
useful both in addressing people who may not be familiar with the structure of polysty-
rene and in cases where the polymer is not well known. This book uses a source-based

nomenclature, unless otherwise specified.

- CH,CH, ),

polyethylene
poly(methylene)

-(-C'ZHCHZ—);,
CH,

polypropylene
poly(1-methylethylene)

C':H 3

< CH 2= (': ')7-

CH,

polyisobutylene
poly(1,1-dimethylethyiene)

€ CHCH, %,

OH
poly(vinyl alcohol)
poly(1-hydroxyethylene)

"(—C|3HCH2-);.

Cl
poly(vinyl chloride)
poly(1-chloroethylene)

€ CH=CHCH,CH,-;
polybutadiene”
poly(1-butenylene)
CH,

polyisoptencb
poly(1-methyi-1-butenylene)

+CHCH2_)-n

polystyrene
poly(1-phenylethylene)

+<l:HCHz-)a
CN
polyacryionitrile
poly(1-cyanoethylene)
€ CHCH,;

OOCCH,

poly(vinyl acetate)
poly(1-acetoxyethylene)

F

{—l?CHﬁ,.

F
poly(vinylidene fluoride)
poly(1,1-difluoroethylene)

“ Polybutadiene is usually written < CH,CH=CHCH »—), that is,
with the double bond in the center. The structure-based name is given.

3

b polyisoprene is usually written - CH,C=CHCH,} .
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€ CF,CF,; T T

o__0
C3H,
poly(tetrafluorocthylene) pob[ 3‘:50“;;!: Ib,;l-t‘);:_'al) »
poly(difluoromethylene) ? oxane-4,
6-diyl)methylene]
T
-(—<|3HCH2-}.. -(-c':—-CH,-},,
COOCH, COOCH,
poly(methy! acrylate) | poly(methyl methacrylate)
poly[ 1-(methoxycarbonyl)ethylene] poly[1-(methoxycarbonyl)-

1-methylethylene]

comno O

polyformaldehyde poly(phenylene oxide)
poly(oxymethylene) poly(oxy-1,4-phenylene)
€ NH(CH ,;){NHCO(CH ,),CO ), € OCH,CH,;
polyamide 66 .
poly(hexamethylene adipamide) polylge:’hyl:::!c l(:: ge)
poly(iminohexamethyleneiminoadipcyl) poly(oxycthylene)
‘(—OCHZCH200C—C>—CO} € NHCO(CH,);;,
n
lyamide 6°
poly(ethylene terephthalate) : po
poly(oxyethyleneoxyterephthaloyl) poly(e-caprolactam)

poly[imino(1-oxohexamethylene)]

“Common name. Other ways this is named include nylon 6,6, 66-nylon, 6,6-nylon, and nylon
66.

¢ Common name.

24
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