
Polymer Bulletin 31,359-365 (1993) P O l y M e r  B u l l e t i n  

�9 Springer-Verlag 1993 

Compatibility of nylon 6 with poly(vinyl alcohol), hydroxylated 
poly(vinyl acetate) and poly(vinyl acetate) 
Chang-Sik Ha 1, Won-Ki Lee 1, Tae-Woo Roe 2, and Won-Jei Cho 1 

~Department of Polymer Science and Engineering, Pusan National University, Pusan 609-735, 
Korea 
2Suhryung Materials Research Institute, Yang San, Kyung Sang Namdo, 626-800, Korea 

SUMMARY 
The compatibility of nylon 6 with poiy(xfinyl acetate)(PVAc) and poly(vinyl 

alcohol)(PVA) was investigated m terms of the m e l t i n g - t e ~ e  depressio~ In 
order m vary the corr~'~bility systerrotically, a hydroxylated paly(vinyl 
actate)(m-PVAc) was prepared by hydrolyzing PVAc with KOH in CHaOH. It was 
found that the compatibility with nylon 6 is better in the systematic order PVA ) 
m-PVAc ) PVAc. 

INTRODUCTION 
It is well-known that nylon 6 has poor compatibility with other p o l ~  

because of its strong hydrogen bonding characteristics (1,2). Few investigation on 
the nylon 6-contaimng blends has yet been made, even though the study of 
polymer compatibility has tmdergone an enom~us exgonsion in recent decades. 

Attempts m improve the poor compatibility of nylon 6 with othar polyme~ 
include the modification of nylon 6 or other com_l~nent polymer by introducing polar 
group like hydroxyl group into the b~r_kbone of nylon 6 or amide group into the 
other component polymer (3-7k 

Seo et al. (8) prepared poly(m~yl methmaylate) (PMMA)-oligoamide graft 
copolyr~ in order to improve the poor compatibility of nylon 6 with PMMA. Ha 
et al. (9) synthesized nylon 6-g-poly(ethylene glycol) copoly-rr~r and reported on 
the compatibilizing affect of the graft copolymer in the nylon 6/poly(ethylene glycol) 
blend of 50/50 composition by weight, 

In this work, the compatibility of nylon 6 with rely(vinyl acetate) (PVAc) and 
poly(vinyl alcohol) (PVA) was investigamd. Gamt~bility" was judged from the 
.m~,.tingfi temt~z~ature depression. Glass transition behavior is widely accepted to be 
indicanve of me compatibility of pol~m" blends. In the crystalline p o l ~  
however, the melting temperature depression is usually used to detmxire the 
compatibility, since glass transition behavior may be subject to a variety of 
comphcations in cryst~lliT.able polymers (8). In order to investigate the 
comln~bility of nylon 6 with PVAc and PVA systematically, we prepared one kind 
of hydroxylated PVAc by hydrolyzing PVAc with KOH in Ct-J.43H. 

EXPERIMENTAL 

Materials 
Nylon 6 was obtained from the Research Institute of Kolon Co. Ltd. and was 

at 60"c one eoly(v yl 
or poly(vinyl alcohol) (PVA) was a eolraxmvcial product from Junsei and 

Kuraray Poval, respectively. The molecuiar weight cimracteristics of smnpies used 
in this work are listed in Table 1. The mol~Mar weights were detemfined by 
GPC (Waters 244). 

P r • H y d r % t i o n  of Hydroxylated PVAe (m-PVAc) 
xylated PVAc (m-PVAc) was prepared by hydrolyzing PVAc. 50g 
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Table 1. Characteristics of Polymers 

Polymer M.x 10 -4 M~x 1(3 -4 M./IVl. Source 

Nylon  6 1.73 3,45 1.99 Kolon 
PVAc 6,z18 9.93 1.53 Junsei 
PVA 6.60 10.02 1.52 Kurarey 

Table 2. Solubility characteristics of PVAc and m-PVAc 

Methanol DNIF Formic acid Water 

PVAc S" S S P S 
m-PVAc S S S I I 

a S : soluble I : in~luble 

of PVAc were dissolved in d00ml of methanol and then added with 8,7rranol of 
KOH with stirring at room tew~rature  for 30mip. Pttritication of the product was 
accomplished by reprecipitafion in water from the troY.hanoi solution and then 
dr~dng in a vacuum oven until kept at a constant weight. As shown in ~'ig.1, the 
m-PVAc was identified on IR s_L~xt~n ~ by the OH band around 3430 cm- and the 
C-O stretching band at 1248 c m ' .  T h e O H  content of the resultant m-PVAc was 
determined as 34% followir~ the JLS-6730 standard. Table 2 shows the solubility 
c h ~ s t i c s  of m-PVAc. It was found that the solubilities of m-PVAc in 
con ta in  organic solvents are similar as those of PVAc except in THF, 

Blend Preparation 
Blends of nylon 6 with l~rAc, PVA and m-PVAc were solution-cast from 

formic acid. Solvent was allowed to evaporate slowly in the air at room 
temperature. The resulting-films were further dried in vacuum at 30~ m constant 
weight. 

Measurements 
Melting teraveratura, T ~  a n d  heats of fusio~ AH~; were measured by 

l~_ . . . .  .A . . - ~ .  ,.., ,., . . . .  . . . - \ , . ,  ,.': 
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Fig. 1. IR spectra of PVAc(A) and m-PVAc(B). 
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Differential Scanning Caledmeter(Perldn-Elmer DSC-4). The scans we"e made 
out at a heating rate of 10~ The relative degree of crysmllinib-, X~, was 
calculated from 

X~ -- ~ H ~ /  ~ H ~  ~ 

where AH~ and ZH~s ~ are the heat of fusion of the blend and the heat of fusion 
of the nylon 6 hornopolymar used in this study, respectively, The crystalline 
structure was determined using X-ray ditk~tome~er (Rigaku Denki). Nickel 
filtered CuKa radiation was applied at 30 kV and 2I)m~ Scanning electron 
microgmphs(SEM) were obtained by JF.OL 35-CF SEM, Samples wee  
ca-yogenically fractured in liquid nitrogen and metaltized by gold coating prior m the 
installation in the SEM chamber. 

RESULTS AND DISCUSSION 

Compatibility of Nylon 6 Blends 
Fig, 2 shows the rrmlting temperahn~(Tm) of nylon 6 in the blends of nylon 6 

with PVAc, m-PVAc and PVA, It is shown that the T~'s of the nylon 6/PVAc 
blends are almost the same regardless of the blend con-~sitions, whereas the Tm's 
of the nylon 6/PVA blends decrease with increasing PVA coraopsitions. The result 
indicates that the nylon 6}PVAc blends were i n c ~ b l e  while the nylon 6/PVA 
blends are partially c o b b l e ,  when the compatibility is judged from the melting 
point depression.. Dep[e, ssion of melting point is usually considered to indicate .a 
negative Flory in .ac t ion  parameter, Z, meaning that the polymer blend ,s 
thermodynamically misdble in liquid state(in n~.lt). Below the melting point, 
however, crystal-liquid phase separation nmst surely take place and the process of 
crystallization is essential to define the 'compatibility'. If Z is positive, the 
crystal-liquid phase separation below the melting point c o n ~ t ~  with liquid-liquid 
phase separation above it. The Z parmTemrs at 221"C w e e  estimated as -0.027 - 
-0.055 for nylon 6/PVA blends u s i ~  the quantitative analysis of the melting point 
depression for the polyiner blends with components compatible in the melt, which 
had been presented by Nishi and Wang(10), 
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Fig.2. Plots of Tm vs. composition of nylon 6 

in nylon 6-containing blends. 
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In this work, the Z par~m~eter is dependent on the blend comix~ition. (More 
details on this subject will be described elsewhere.) Even though the nylon 6/IWA 
blends exhibit melting point depression and negative Z values, it can not be assured 
that the blends are 'rarely' thermr.xiynamically miscible in the liquid state because 
the Z values are nearly close to zero(ll). Moreover, it should be noted that direct 
use of experiw, ental melting points in the expression describing, melting point 
depression carl potentially result in a serious underestimation of ~ (12). Thus, it 
is believable that the 'con~tibilitw-' in this work does not mean th~m-nodynarnical 
miscibility but rather easiness of mixing blends in smaller size of dorms,  even 
though more precise interpretation should be neces_~W. This kind of slx~'ulation 
rm-ty be proved by the morphology of the blends. Thus, in this work, the 
compatibility of the blends below the melting point, where crystal-liquid phase 
separation takes place, attracts our interest. In order to interpret our exlxmmental 
results more ~ccurately, studies on the cTystallizafion process ol the nylon 6/PVA 
blend system are now undertaking. 

In Fig.a it is also interesting to note that the Ta ' s  of nylon 6/m-PVAc blends 
tie between those of nylen 6/PVAc blends "and those of nylon 6/PVA blends over 
the entire blend compositions. It is expected that the Tm depression behavior of 
the blend of nylon 6 with m-PVAc having higher hydroxyl contents approaches to 
that of the nylon 6/PVA blends to larger extent. It may be thought that the blend 
compatibility of nylon 6 with m-PVAc will be syst~_atically varied from that of 
nylon 6 with PVAc m that of nylon 6 w i t h  PV2L delmnding on the 

Fig.3. SEM micrographs of nylon 6-containing blends 
having 50/50 composition by weight. 
A:nylon 6/PVAc B:nylon 6/m-PVAc C:nylon 6/PVA 
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hydroxyl contents in m-PVAc. The different mmpatibility of nylon 6 with PVAc 
and PVA can be also identified in the morphologies of blends by SEM. F i & 3  
shows the SEM micrographs of the nylon 6/PVAc (A), nylon 6/m-PvAc (B) and 
nylon 6/PVA (C) blend of 50/50 ~ s i t i o n  by weight_ It is seen that 
two-layer-film s~ucture with clear layer boundary due to the complete phase 
separation is observed for the nylon 6/PVAc blend whereas phase- 
interpenetrated sln-ucture due to the partial compatibility between two coml3o~mts is 
observed for the nylon 6/PVA blend, The SF.M micrographs dearly show- that the 
compatibility of nylon 6 with PVA is much better than that with PVAc. Careful 
inspection of the SEM micrograph of the nylon 6/PVA blend indicates, however, 
that nylon 6 and PVA are not compatible in the molecular level. As expected, 
neither two-layer-film stnmture nor phase-inte-panetrated structure was observed 
for the nylon 6/m-PV_&c blend. The morphology of the nylon 6/m-PVAc blend lies 
between that of nylon 6/PVAc blend and that of nylon 6/PVA blend. 

It should be noted that the details of the compatibility l~avior are significantly 
affected by moleculer weight and molecular weight distribution. However, in this 
work, the molecular weights and the polydispersities of PVAc and PVA are closely 
cow4mmble. Thus, in comparing the relative compatibility of PVAc and PVA with 
nylon 6, the conclusions drawn should be unaffected by any minor errors due to 
the differences in the molecular weight characteristics (13), 

Crystalline Structure 
Fig. 4 shows the relative degree of crystallim'ty of nylon 6 in the blends 

.l~nearlainst the blend compomtions. The relative degree of crystallinity decreased 
y with decreasing nylon 6 compositions in the blends, which simply means no 

change of crystall~ty in the usual sense. No significant differenoes in the relative 
degree of crystallinity of nylon 6 was, however, observed among the blends of 
nylon 6 with PVAc, m-PVAc, and PVA_ Fig. 5 shows the X-ray diffractograms of 
the nylon 6-containing blends. The diffraction pattern of nylon 6 used in this 
study shows typical 7-form structure, sinoe the peak was appeared at the Br~g  
angle 20-- 2i.6 ~ . It was reported that the a-form of nylon 6 has strong 
diffraction peaks at 20 at 20.5" and 23.8~ m (200) and (020) 
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Fig.4. Relative degree of crystallinity vs. composition 
of nylon 6 in nylon 6-containing blends. 



364 

~/A~~I , nylon/PVA / ~  I B nylon/m.PVAc nylon 

/ 
I I I I �9 I I I I 

16 20 22 24 16 20 22 24 
2e [deg] 2e [deg] 

C nylon/PVAc 

I I I I 

16 20 22 24 

2e[deg] 

Fig.5. X-ray diffractograms of nylon 6-containing 
blends with various compositions. 
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• l a n e s ( 1 4 - 1 6 ) .  ]il~e X-ray d i f f r ~ x ~ n ~  of the-nylon 6/PVA blends, shown in 
ig. 5-A, showed c h ~ s f i c s  peaks of the nylon 6 with no additional peaks. 

The intensities of the peaks changed according to their blend con-gx~tions. The 
result is primarily due to the decrease of nylon 6 content in the blends, so that it 
does not imply the decrease of crystaUinity in the usual sense. The tre~d is in 
accordance with the results from the DSC themT~grarns, as shown in Fig. 4. 
Sin~ar trends were observed in the X-ray d i f f ~ s  of the blends of nylon 6 
with m-l:rVAc and l~'Ac ( see Figs. 5-B and 5-C ). The results imply that the 
presence of PVAc, m-PVAc, and even PVA do not affect on the crystalline 
structure of nylon 6. 
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