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same vinyl chiotide copolymer mentioned above®. Polymers
with lower glass transition temperatures can be expected to
mnmhwmt(wmm)bnmdmmw
mobility. Poly(viny} chioride) (PVC1) is generally plasticised
or muxdified by copolymerisation to allow its use in a solution
coating. Such coatings can be expected to retain less sotvent
or monowmer than rigid poly(viny! chioride), for example.

It might slso be noted that the mathematics of diffusion
predict & dependence of solvent loss on the square of the film
thickness. ‘This means that if a drying film is compared with
one of twice its film thickness (at longer times), the thicker
film will require four times as long to reach the same level of
solvent (or monomer) content &s the thinner film. Thus thicker
films can inherently be expected to retain more solvent or
monomer than thinner films. These refations have also been
confirmed experimently in the experiments mentioned sbove.

Estimates of vinyl chloride loss during the
first phase

Rafs. 8, 57

The first phase evaporation phenomena are closely related 1o
what in the chemical engineering literature is termed **differen-
tial distillation” (distilling solvents in a batch process, for
example). The polymer may influence the process to some
degree, as will the activity coefficients for the mixtures involved.
In a first approximation, however, these will not be con-
sidered.

The differential distiliation process is described by McCabe
and Smith®. In the simplest case, mathematical relations are
derived for estimating the compositional changes in the
liquid fiim as a function of material evaporated.

The equation concerned is:
Ns Na_\*a4
(ﬁr. - NAo) ................ )
where:

Np = amount of B(VCM) present at & given stage in the
evaporation process

Na, = amount of B originaily present

N« =amount of A present at & given stage in the
evaporation process

N4, = amount of 4 originally present

*24 = relative volatility of B to 4

The relative volatility can be estimated by a .simple mig of
the evaporation rates, but this value is not available for vinyl

chioride. In the example below the relative volatility was,
therefore, estimated by a ratio of the vapour pressures at room

temperature®.,
7) @
agg m \Ba) roreeeienn
Example:

Aswuming a fypical lacquer formulation baving the following
compoution:

Vinyl copolymer  25g
Methyl ethy! ketone 73g
Vinyl chioride monomer variable

|

The sbove mentionad iments with VYHH have
struted that the end of the phase is associated with a solvent
composition of about o‘.}. solvent/s VYHH?. Thus, the first phase
represents a reduction of the volatile content of the lacquer from

C. M. HANSEN JOCCA

m.wuumms««mmuummmmm
A 'gA &t N°C i approximately 2650/71.5 = 37.06 from
equation 2.

Substituting these values into equation 1 gives:

N"CH ' 7.0
N—_VCMO- (i*s) - 1% x 10~

Thus it is clear that theoretically there should be apsentially no
VCM remasining at the ond of the first stage of the evaporation
Process.

For the sake of including all factors, the data on solvent
retention for VYHH cited above indicate that a further
reduction of the solvent and/or monomer content present at
the start of the diffusion coatrolled phase will occur to the
cxtent of a factor somewhat greater than two within a
reasonable time (hours). Should the temperature be increased
above room temperature, the mobility of the polymer chain
segments will be increased with an  accompanying increase
in the diffusion cocfficients of the solvent/monomer mokecules.
A greater reduction in the amount of retained volatile
moterial will result,

Experimantal
Refs. 8-11

The analyses for VCM were carried out using s gas chromato-
graph. For liquid samples with a large VCM content the
solvent or lacquer solution was injected directly into the gas
chromatograph. When the VCM content was small, the
analysis was dope by the head space method™'2, Here the
principle is to place the sample in a suitable container, such
that & gaseous sample can be removed with a syringe through
& membrane without otherwise disturbing the contents. The
volatile contents establish an equilibrium in the container
and a calibration of the VCM signal by the method of addition
allows analysis of the VCM contept in the sample itself.

Experimental results—Sins

A commercially available lacquer with the composition
described in the example above was used for these studies.
This lacquer was found to have 16ppm VCM based on the
ponvolatile portion of the formulation. Films were made in
Petri dishes. These were made at an exaggerated film
thicknesses of 140 to 180 microns. After 66 hours of drying at
room temperature {(according to the film thickness squared
rale this corresponds to 1.6 mioutes for the normal film
thickness of 3 microns for this product) no measurable
(<€ 1ppm) VCM could be detected in the film.

Tt might also be noted that measurable VCM could not be
found in films applied in the manner the product is customarily
used ir in a film thickness of 3 microns on aluminium foil,

Experimests] resulis—evaporation

Experimental values for a54 were determined by adding
4000ppm VCM to methyl cthyl ketone (MEK) and following
the concentration of VCM as a function of the per cent MEK
evaporated. Figure 1 shows a gas chwomatogram of the
VCM/MEK mixture after 4 per ceat MEK and 48 per cent
VCM are evaporated. Collected results from similar analyses
are shown ia Figure 2.

Uee
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VR 3

VINYL RESIN PAINT: Aup 14, 1963 UNION CARBIDE Formulation
1 1N useny BARELITE vinyt resiny VMCH and VY HH,

FORMULA SUGGESTION VP-3010 PROCEOURE

Maintenance Primer Fimish® 1. Dissoive resing (nto the solvent system.
2. Charge all ingradients®® and resin solution into pebbie mil and

FORMULA Parts by Waight gring for 24 hours.
BARELITE Vinyl Resin VMCM 111 . t in '
BARKELITE Vinyl Renin VYHH 45 o o
FLEXOL ®asticizer DOP 30
Pigment (1) 130
Asbesting 31X 3.9
Methy! lsobuty! Ketone 16.1
2 Nitropropane 162
Tolustw k- & 4

100.0

{1) White System - Titanium Dioxide, rutlle, non-chalking.
Red System  Synthetic Red Iron Oxide.

Black System - Synthetic Black iron Oxide. *For bast sdhasion of primers to bare stesl, it is helipful to add
Atuminum System - Atuminum Fowder, 9.9 parts rether than 13.0 W% of &5% phosphoric acid, based on the weight of vinyt resin
parts. VMCH, to the primer formuiation.
VR-E

VINYL RESIN PAINT: July & 1960 UNION CARBIDE Formulation VP.3001 using BAKELITE vinyf resins VMCN in grime coat,
VYHH \n body coat and VYMM and VYNS In ses) cost.

FORMULA SUGGESTION VP-3001

Maintenance System

Parts by Waeight
Red Sy

Prima* Bedy Badty sasl
FORMULA Coat Caat Cont caat
BANKELITE Viny! Resin VMCM 15.00 - - -
BAKELITE Viny! Rasin VYHN - 13.00 15.00 1347
BAKELITE Vinyl Resin VYNS - - - .77
FLEXOL Plasticizer 10-10 3.00 3.00 .00 138
T107, rutile, nonchalking 15,00 - 15.00 -
Carton Black 1.00 - 100 -
Synthetic Red iron Oxide ) - 15.00 - -
Aluminum Powder (1) - - - 1)
tethy! (sobulyl Ketohe 1650 17.00 18.5%0 1945
2 Nltropropane 16.50 12.00 16.50 1984
Toluene . 13.00 .00 33.00 »nH

100.00 100.00 100.00 100.00

(1) “Alcon" 408 suggestad — 1.5 Ibs 1o be added to 1 galion of solution for uee.
*“For best adhesion of primars to bare steel, It Is helpful to sdd W% of 85% phosphoric acid, based on the weight of vinyl

re3in YMCH, to the primer formulstion,
PROCEDURE
1. Dissolve resing (n solvent systam,
2. Charge #il Ingredignts®* and resin solution to pebble mill and grind Wor 24 hours.
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Cansider o quantily of liquid, b te-wmeles. Napee is pasned
ovee this liqwid ob a voke, N themales/hne. As ' deea g0,
some of the liquid evaporsles, and 15 caceitd $F withh the

vapoc, e thal the vaper ltsvimb,_ﬂ‘__\:_mlu_l_\u:._'u__&_hh_—-

i\un t\w. n\un\m% 'GAY.’C' A“A L\ne n.'mna.n*._ni_-.ht\_m& hu_bm_
S ﬂ.&u.ul

) N,
Ovee o swmall l.mnm“. _OE__ﬁme.J,_ de, __ 1h

write maleeial balances: . _*-__.__P_F_-___.{\'}
0 Overall +  V,d0 = NdO ~dl _ __
(2) Aﬂv{ l..nfouw\. 1‘3“ \HJQ A‘L!) e ._,“_‘ V,"‘.
(Nete thad dL and d(Ls) are neqative bu.n.me._,_ ]

Land Lz are duﬂo.smaa a3 ime ‘moveasts)
So\viv\s (n ‘.ﬂ’ Vg and iu\t‘h\:\gsim&_mio ()

® V) - %%H;‘:i“‘)

EFPA“AU\% J(\-“) to_ ZAL_'L *.A'l- _aives

@ TR Y

Assume heat Lranslfer 14 ss...FFu..m-\. h wmn‘ha.m o _cevatankt
tvaperakion rate, R2E- dL{do. Then

(% -4 ~
which can be subsblituted m{o (4) 4o %\‘Q_-.._ e -
(&)




_. © - - L'\.,:"‘_‘EiP( +\ _,_ln@_l{;‘"

T,
() ln-‘f_'-‘*l :

Q o » ~

- 3("*0 - jYe -

. n’.;g%«u%i ﬂob

(8)

In the drying of '}.\\z ?}LQ. u,s_n,_mss._g___lf__un..m_.___
astume that 4 end % _ore in t\u_\xb.¢sun+_t3 __'FMM___
}ois the oclivity coefficint, P is the puee compeneni vager
pressuve, and T is the tetal pressuce. . Albernalely, we
Con astume an efficiency, &, which we wil\ define
as Y / (l-%t). Ha.kin‘ _thiae subatitulions

If we ossume E, ¥, 0T N R ave _ e.ms&.mt L_A__% &_em.n.%g____,_
vVolut _tan _be. wu.L),_ _the. _{n“.uun% A&Lﬂ_m__ﬂ..}

To w3t t\us e.tlu\'.\-n, one _wmual . _kaew _iaikial_and -—
final quantidits of liquid, the ‘wmitial compaarlian, the veper
ratt, the Cvaporation vake, ood Ahe _:}.g.mgnu.hwz__.hn_mj&r_in_ .

kvow Voger ?ussmu). The e.ﬂ‘i_qic.nq As deteemined se_
thet 2"1 ‘Pﬂ‘ o\ eomvov\tn“d « 1,0,

B ML
_.af2e)18




ACTIVITY COEFFICIENTS OF .
SOLVENT COMPONENTS IN . _ .
PVC VARNISW .

We shall assume that t\w. vagq_mmﬂnh -
c.ot'”m\m*-t bem% J-Weuw}.__f:m_\g,m_ih_ﬂmnh.u_______
the lar%e. sive of PVC resin wmolecwles.  Thia_sine eflect
is best Lreaked by the Flory- Hugains _equabion:

(v AG"" n Ny +mn
) % ndnd, [z . _‘;1[_3;‘?;“_; _ |

kel klp

@ L] Q?P"Q'“m“{t VQ\u.mg_ {\cue‘E\M .'t c.osnjn“gw{. k

whers iy
@h : a Fwng Kor k2 p
A
and mng " I
QP _{ L B T D
ﬂ? e
Aw = no. of males of Compenewt K in lLiguid

m ¢ ratie of siat of reain (or pelymec) molecule -
to thet of__selvent wolecules, This teeatment
nes\e.&.s a1zt _diffecemces _ betuween the vaetous

So\vu&. moh:v\tsh e e
“tnthal &
o veflect &u&_

X\. - Qm?\ﬂu\ \n{trc.d.\ol teem
Sty

- &"ow\?oncn‘h k c.nll

N ¢ total wnumber of compnnu.\'LL

cefees Lo vesn, . .

Su.\ucn'{. P

AG...* feae tnerey of mivineg

We have chosen to ne.s\e.d. the tn&.\ng\ﬂ o~ miving, .
since  the bulk of the solvent i3 belwene and_xylene.
we Uo\n\cl L!Pt:{ a low Cnl‘.\\m\p‘ of m\ﬂv\z A\so, Wt uas\.LN
expect  our camg.nu\ta RTY o\m»ke er;Lin\*irmlch&yw__

et ’ UCC
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y\t\&\n\ hsﬁ\-\er ad'.\mb' cuﬂxhu\\:s “\Qz h)m-\cl be. ?ﬂ.é\c£¢1

W thia teewm ia nts\ecitk Thus, for. _sue_primary inkerest, _
vingl chloride, which is very dilube in awr syshewm, we will
obtain an value of 1, the M.'\'.wih coefficiont, that N
(sw, and will be conservative in_ ?ttbd_m_%__jhl.__m:_\.&u.\____.
vinyl ehlorde 1 the sesin. _ Theet LLW
0, %\vms . .

(2) —-—-——-—AG“‘“ : Y_‘. A L\é\.

(Ec"mhon 1 i Juwel %\\m\as\‘ tb t\\d'- uitﬁju_ﬁtnu\ﬂ&nmp\m
Seatchard - Hildebeand At\.uhon, at ewklined Jn__?mmmil,______\

Molecw ! ¢ : .
Frem classical i.\u.rmnl*na.m\:s_. . +
(3) ) P H —%"-F:_ 2 __ég:":‘f%ﬂ _%."mu Jdeal —
(4) i (‘3&“_:) . ‘A’:L —
l“d

o R $

u‘\eﬂ. ‘6. s t\‘\! M’L\v\l’ eoc'ﬂ. feient _n{_.c.nmgmgn‘h_& .J’CL&LALL -
Yo Raoult's Law, Gy i the ?-.rﬁ\s\*_m.l..ux.ma-itu..m‘:%*
of uvn?ov\c.n*. 1, E“‘;.; 0 the ?«Mgé_._m\s&.;m_mu_ﬁ S N
a— e.om?-nm\. 1 i the veal misbuee ’- am,t.\h‘\__;i_h_
parkh\ wm\c.\ gve! U\us, i.\e.": 1 ueu\l vt in d.ﬁ.l&to-\_*___
mixturs, and %Ki is the wele Leockion of c.om?nmﬁ__\,_

R is the 98 conflant  and T is the abalube temperature,

R et T , uee
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D?Fefcn-\‘.igkm% equation @) with ru?gc\ &% ni, ofter
subati Qd:m% ‘l’."\t ch:\mtun o‘v Qk e

i) T ]

MoemaRTY 3 [
Ing - vy ku o

()
4” .
N i - \
n, +map\ - -
REDILN il {;—’::,lﬂ,
ksl )Y':
t:g — e e
.. n* 4 vang
¥ n’ ) m“' — —I\- ﬂ‘ ﬁ'ﬂﬂ.?.
e D g E,"s P e
.a?r"’ Y [“ : '%W%“’iw
- - ™) A O
Feapi | _ L - 2 L e S _
(1) R.'__ = +E§ }‘:Pn* -ﬁ:n-'. - Eﬂ;-lwmp *g:‘&mn' Jt‘;'.\‘—“?
S - S - —
a | = 2; ék I é; -L'nqip +L“§1 —
I~ S,
.. sinee__n®, L0 B
all
@ A2 v ed - De R LA
T S Y T
ov . e ) .
(a) W, (1-%)8, * [ Y PO, .

(1-%)8, + L '(5'{['&3__,




T8 ARb,- -
\te e

: ‘;;, & -3 ,4,—‘-,,,@,____4_-_@,1.1_%;\

Therefore . o _

FOWAT —;@;—— _Q,(‘-iﬁ;f“ﬂli M\-#)j

———

Note that the _activity CQL{{iQ\LAi._AmLAAJL\‘ML_____..

_ . relabive _size of the cesin_moleculs . and_an ‘ds “velumd fraction
Thus, all of {\\t selvent ' cam?onu\‘\s.‘hm.f._j\\t__ Samé
dd’-ivi{‘ .ceeY‘r\'cun{ ’ fs’wc.n ,.hj.__.ttu{‘-ia.n__(\\\#

DY Wil

e e S, -3 YO A T ¢ ¢ W
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BATCH DRYING CQUATION Witw 1
VARYING  VIA __FLORY- MUCGINS EQN

Belore nteacating, the di Wf.\'u_\l\s\ tquekion. i‘or hh\\ Jt‘.u&.‘_.__.

[ e

6 s e

x

. pfjn F\oq ,“k“\nl . P

___(z) NS " ' Q.(\ H«it_g.h Q

Cwhich can be rewritten

(3) ¥: (1-§,0-K) Up(@e( ﬁ

S At any time, the mo\u c? \s\_u.t& L T (ol waum'b)g i
~The volume froaction oF "etm Q,-Ls*

) By mne LT S LAY
) Q' E“.\ +wmng T.n +(m-Ynp- )
B J‘P L _‘__~‘\\
. ane . et s e
i (\"\ W) np .
PP (RO .

i et e g 2 A ——— e . -

Nu'l'. we su\wl tuke (5) h'\.- (l) o.wl Abhe. vesw\l imbo (V). _
However, it i convenicat o defineg

(6) K EE(% #1) ¢ congtant ﬂ_

(") _ bs (m-1) np * Cant'\:q.vd. -

s e e me b R ————

(unct 'L\\t resin J.g;s vno*. c.»miws'\&,_n JM.S wok e\m.nag)

_ ®) - -;_: TS *b-b s Q,UP:';'\) \laﬂa\\t

Rgarrc.my (3) a.wc.s
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(s) L () S

(o) _ dL: = bfprda

Now the '&\bs{\iw\:\oﬂi -

RO - LIy -\X L 8 -

§ T3AY

dx . _ _da fda )
(1) I 230 .-Jf z

Y T _ Jl "__"é‘dl
(‘ﬂ _______ 2 T . . ®-L ._._._‘S_L

LI
| (e
OB V'YX dnd -l ;-;_“ - KS 3

L
T EECKEE pESETR
.. This _compaves .uii-\'\- | o

e REs (g

for the constant ¥ wodel, But

C N e (“ : o
\

o ,_E‘u_.g"_‘._ig‘ (I'ﬂ and (\3) swt}

BRI -
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One can reull\1 ate that twis ia ook ome of e

commonly used avereqes, and that the preper . averaat X
v o function of 2. / 2,. The formulo_is_cumbersame 4o wee

sinct it includes o .uviu.mjlu_.n}.iuﬂ__gzqh_ji_g

plot of _the 9:990.':..“(!".,/ LLJL.LL/L\_«;\_&\_LJL_LL______
Pﬁrant"‘-t", {19[3\ '..9!;/.&?;1_.__§hhlﬂi'h.__‘__!!\_é_;_ﬂh"

to inikial and Final condi kiens sevpeckively.
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APPENDIX 11

CALCULATION OF Jsow' STEP (1)
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Actuiry CogpFicie T of SoevenT . .
N Vaewisp - Stee. (1) L e
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Moxture .yedfc. 7m~m§( of Solvest . _.
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APPENDIX 111

CALCULAT 1ON OF xsow' STEP (2)
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