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The manufacture ~f ~lack polyethylene fil.~ ~s divi~ed i~to two stages, 
which are carried 'Jut by different companies: preparati.on 01 concentrates 
(masterbatches), and ?reduction of the film. ?rob~e~s of.a m~st:rb~tc~ 
uroducer arise frorn the limited grades ofraw !1lateri.al ava-..labl.e i.n .. 1~r .. co, 
and fron the uncertain level of quality control. Ct~er protlems ar"tse from 
the type of mixin£ equipment installed and from lack o: suitable tests :or 
product (masterbatch) quality. 

CI'.~A ~s functioni.n£ as a natior.al =enter for ?lastics tech.~oloi;y and ~as 
· - · l• l 1 .,.... ~-~ ,.-~· · ,,..ai~ .... ··ei-l. 'Jn-?:c:ii.r.£ -::rol?raMs !"or acr"tc~ ~U!"a p as ... 1.cs ---~"?!. ·~-""""-.. "!.S ioer:e_ --~ .• -

set tr0 for nolvmer stuui.es~ut is c~ficient in equip~ent and expertise for 
powdered and c~lloidal ~aterials such as carbon black. 

:-~y chief contributions on this :nission vere ( 1) general lectures and 
advice on carbon black, mi."ci.ng, and evaluation of dispersion; (2) introduction 
of the best method (t~pe extrusion) for carbon ~lack dispersion in master
batches, using equipment available at :IQA; (3) a vtsit {w-:ith a CIQA repre
sentative) to a masterbatch producer; and (4) ~ecol'l!!:lendation and 51)ecific 
advice to c:QA to set up a program for testir.g 'Jf ca:-bon black. 

Recorrmendations are given for fu_.-ther acti~~ by CIQA under the headings 
of Technical, Prograrr.s, EqU:.pment, and Organizational. 

TEcm:ICAL PROBLEMS OF MEXICAN PLASTICS Iiti>USTRY re MISSIO?~ SUBJECT 

Thin plastics (polyethylene) film is man,tl"actured by the film blowing 
process. The film for arµ-icultural applications may be either clear 
(unpigmented) or black (pigmented with carbon black). The former tjipe of. film 
permits sunlight to raise the soil temperature a few degrees. The Latter 
-is an effective mulch (preventing growth of weeds) and is also much longer 
lasting, since the carbon black screens out the ultraviolet light which 
otherwise causes degradation of the polyethyle~e. ~!y area of specialization 
is concerned with black plastics film and with carbo~ black itself. 

As is COJlllllOn elsewhere, preparation of pigmented plastics 1.n Mexico 
1s divided into preparation or concentrates, or ~..asterbatches; and preparation 
of the film. This enables the film 1118nufacturer to avoid the prot-lems 
o! hand1in6- loose pigments. For agricultural applications, the masterbatr.h 
tYPically contains 2~ carbon black, and this is let down to 2.5% in the 
film. It is essentia~ tor the masterbatch producer to achieve good dispersion 
of the carbon black in the mas~~rbatch, since othervtse good dispersion 
cannot be achieved in the film. Poor dispersion in the masterbatch teadt 
to serious problems in extrusion and blowing or the film, and to poor 
effectiveness and short lifetime (under exposure) o! the film. 

The problems ot the masterbatch producer (relevant to the subject of 
this missi~n) may be classed as follows. 

(1) Rav Materials. Problems arise from the Umiu . number of grades 
available and from the uncertain level or quality contr~l. Mexico has 
two carbon black producers, who are oriented toward the rubber industry, 
since (on a world-wide basis) rubber cons\Dlles 90-9~ or carbon black produc
tion. Cons-.quently, grades of carbon black which have been specially 
developed (in more developed countries) for pla~tics applications are not 
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":>roduc"!d in ~-!e:xi.co, and would be difficult to '!.:T1port. (I do not regard 
this as a major problem, howe~er, si.~ce it should be possible to use 
available grades with only a slight loss in eff~cie~cy for absorption 
of vi.si.ble and U'T light). Quality control of carbon black by the carbon 
black producer must also be oriented toward rubber applications; and 
ast>ects which may be especially important to the plastics :nanufacturer, 
s11ch as pellet hardness and grit, may not be adequate\'" controlled. 
I have no nersonal icnowledge of the effectiveness of quality control 
on a day-by:.day hsi.s (according to the standard rubber-oriented tests) 
=.y the :-!exican carbon black manufacturers. :i.egular testir.g at the carbon 
black plant gives the best assurar.ce of !".is;h ~·1alit7 of prod'.lction; and 
li.kevi.se, consUJ11ers of carbon black can best assure t~emselves of consistent 
quality by regular testing of their :.."lcom.ing shipments. 

(2) :fixing ::quipment and ~-:ethod of !Jse. C~bon bi.ack is of r:...~1er particle 
size than all other pi.g!Tlents a.~d consequent1y ts\nore difficult to c~sperse. 
~asterbatch producers who are set U9 ~or handling a variety of pigments 
may not have the high-shear mixers Y~ch ~re ~referred for carbon black, 
a.~c may not be familiar vi.th the ~odifications and ~ethod of operation 
required to achieve opti.":lum results .r. th carbon black on the eqU::.pyr.ent 
which they do have. 

(3) Assessment of !-!asterbatch Quality. As with any manufactured pr1.duct, 
the masterbatch must be tested regularly as part of a quality control pTog?"am. 
It is especially important to test for loading (concentration of carbon 
black), dispersion quality, ease of let-down with po!.yeth-Jlene, and optical 
properties (hirii.ng power). Suitable methods must be set up and implemented. 

??-oblems c! a masterbatch producer were Hlustrated to me i!~ connection 
with ~ visit to a particular producer. 

The technical problems of a film producer include specifi~ation and 
testing of the raw materials !in his case, the polyethylene.resin and the 
masterbatch, for which he may specify the gradmof carbon black and polyethyl
ene}, processing (mixing, extrusion, blowing), and testing oi the finished 
product. !n the ti.""ne avatlable, and in view of !!f'J fiald of expertise (carbon 
black), tt seemed best !or !lie to concentrate on the problems of t.he master
batch producer rather than those of the film producer. However, I was able 
to offer some suigestions to CIQA regardi - ·hoiee of carbon black etc. 

ROLE OF CIQA AS A TECH?ITCAL CENTER FOli ~..;S IN AGRICULTURE 

I spent most of Jff'/ work period at the c~ntro de Investigacion en 
Quimica Aplicada (CIQA), in Saltillo, Coahuila. This organization has 
been fnnctioning as a national teclmical center !or plastics, i.nc'lud.ing 
a~i.cultural applications. In most respects CIQA is well set ut> for this 
iole. The staff members with whom I had cnntact are bright, eaier, and 
knowle1gable in polymers i.ncludir.g ~lastics. CIQA is generally well 
equipp~d !or polymer st\.ld.ies, vit~1 good equiµment !or mixing, processing, 
physical testing, and f\D'l~ental analysis or polymers. or course, new 
equipment i.s always desi :abll!, and in .connection with physical testing I made 
speci.!ic reco11111endations (based on personal experience) for dynami.c 
mechanical testing equipment. 

CIQA has an excellent poli.ey of active cooperation with indust 
lD'li.verst ti.es, and consul tanh. Thus, CIQA personnel are cognii.an:fY&r 
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the pr""blems of :-terican industrial co:!tpanies and are not simply work"ing in 
an ivory tower. CIQA brings its consultants (including myself) tn visit 
comt>anies vith which it has a working relationship, th~s enhancing that 
relationship and giving the consultants direct insight into the companies' 
problems. 

In the particular field of pla~tics in agriculture, CIQA is in an 
especially favorable position due to the fact that it i~cludes departments 
of plant bioloi:tY• 

.. ....... ··········· 

A principal deficiency of CIQA is in the ~ield of colloid and surface 
science, where CIQ.'t has neither the s-pecialized :;>ersonnel nor the equipment. 
(~!y own visit, of course, was requested by c:~ in response to this perceived 
need). Another deficiency, perhaps inevitable in a new (8 years old) 
orzanization is the lack of older people vith practical experience i.n industrJ. 
So;e specific recommendations to correct these deficiencies are given at 
the e··d of this report. 

:\CCOMPLISP.MENTS OF TRIS :USSIC~! 

?rior to Tff1 visit CIQA had obtained (from filr.i producers) a few samples 
of "good" and "bad" commercially produced ~asterbatch. ~owever, the reason 
for the difference in quality was not known. The test used by CIQA ~or 
evaluating the masterbatches consisted of letting down vith polymer in 
an extruder-mixer and blowL"lg a film for optical inspection. This test, 
while widely used, does not differentiate in a clear-cut manner between 
poor dispersion of the carbon black in t~e rnasterbatch and poor let-down 
of the masterbatch. CIQA had also carried out an experimental stucij:·of 
a nUJ11ber of variables in the preparation of :nasterbatch and of blown film. 
~c t of this study appeared ver/ worthwhile, but there was an anomaly in 
t'. :e behavior of two of the grades of carbon black (the coarser black was 
found to disperse less well). 

The accomplishments of this mission may be grouped under the headings 
of the Post Description and some additional headings. 

(1j Ter.hniques Used for Dispersion of InorGanic Fillers in Plastic~. 

(a) I lectured for 4 hours to membe~s of .the CIQA staff and also 
to several students from the Universitad Autonoma de Coahuila, who had 
been invited by Dr. Ramos of CIQA. My lectures included a descripti.on 
of the nature of carbon black, grades and test methods, and the prilJciples 
and techniques of disper'5ing carbon black in polymers. 

(b) I advised Dr. Ramirez (of CIQA) on his experi.mental study (v. s.). 
In particular, it appeared ,_il<ely that the anomaly in the behavior of the 
two grades of carbon black .. n,,ld be due to the fact th&t they were "btained 
from two different producers. 

(2) .Methods for Evaluation of the Dispersion of Inorganic Filters 
1.n Plastics. 

(a) My lectures included a survey of the methods u!ed for evaluation 
ot the dispersion of carbon black in plastics. Methods used for evaluating 
dispersion in rubber were also discussed snd the problems a~sociated w:tth 
application of these methods to plasties were brought out.. Examples were 
also given of measurement of dtsperston of other fillers. 
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(b) I introduced the tape extrusion method for measurement of dispersion 
in the masterbatch. ~his is the preferred metho,., widely used in industry 
for this purpose. Generally t~e ~asterbatch is extruded through a ~7cial 
taue die at a thiclmess of O. 1 - O. 5 r.:m. CIQA did not have a tape cie; 
but I ro:ind that the fil.~ blowt~g ex~ruder, used at CIQA for extruding 
and blowin~ film from pure or lightly loaded polyethylene, could also be 
used with masterbatch. It was necessary to dry the nasterbatch (e. g. 
2 hours at soo~) before extr~sion, to avoic bubbles. The technique worked 
very well on the limited r.umber of samples available. 

(c) : worked with CIQ,\ persor.nel on the methods for st•:cy of dispersion 
in ag!"icultural ~lastics f~l.~; in oarticular, on the "sqvaeze-out" tech:·.i.que 
for microscopy, and on the ir.terpr~tation of the appear~.nce of various 
tyPes of poor dispers~or.. 

(d) Since some ~f the ~·!exica."l ::iasterbatch ::producersmay not be set ut> 

to carry out the tape extr..lSion test, it seemed desirable to develop a 
method which could be carried out vi.th si."llple, inexpensive \or generally 
available) apparatus. One approach tried vas to press a sheet from t~e 
~asteroatch and exar.rl..ne ~he surface of a cut o~ fractuzed edge. ~or~-~g 
with CIQA personnel we were able to press good sheets, but various methods 
of cutting and fracture failed to give consistent differentiation betweem 
~asterb2Lches of different quality. Another approach, based on the work of 
Dr. Ramirez of CIQA, was then investigated. This was to extrude "i'le 
masterbatch through a "melt index" apparatus, which is widely used in the 
plastics industry for evaluation of resin viscosity, and then measure the 
elongation-to-break of the extrudate. We confinned the possibility of 
extruding masterbatch through the melt i..~dex apparatus, but M'f time at CIQA 
expired before we were able to pursue development of the test. I arranged 
with Dr. Ramirez that he would continue vi.th this work and that I would 
oe available for consul.tation on it by mail. 

(e) I brought with me a number of reprints of published articles and 
technical bulletins on measurement of dispersion, some of which I left at 
CIQA, while others were Xeroxed at CIQA. 

(3) Evaluation of Plastics Film for Agrici.:ltural Use. 

CIQA has an on-going program on this topic and there did nnt seem to 
be much that I could contribute to it. I did bring some pertinent reprints 
and I did make the recoJ11111endation that with the best.grade of carbon black 
availll.ble in Mexico, the concentration of carbon black should be increased 
s1irht1y over that normally used with the somewhat better ~ade available 
elsewhere (e. g., from 2.5% to 3.(1,6). 

(4) Visit to a Masterbatch Producer. 

CIQA arranged for Dr. Ramirez and me to visit Recubrimientos Plasticos, 
in Xalostoc~ Edo. de M8xico. This is one of the smaller producers of 
plastics masterbatch, but with an enterprising director, Ing. F. Gutierrez c., 
with whom CIQA has established a good working relationship. Th:ts visit, 
which took place on November 29 and 3C, gave me some insight into the 
probleir.~ raced by such producers. I made soffie S!Jecific recommendations 
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to ~-!r. ~utierrez regardi."lg evaluation of raw :iaterials and masterbatches, 
also with regard to a p~oblem of segregation ~f carbon black and resin in feeding 
t'!le continuous mixer. ~ie al~o had a good discussion about carbon black, 
especially the differences between grades, the possible sources of problems 
in dispersion, and the optical properties. I also made a few suggestions 
concerning problems with non-black pigments. 

(4) Quality Control of ?..aw !-!aterials. 

!t became atrearent to me that some of the proble!lls of the masterbatch 
oroducer may stem-from inadequate or non-existent quality control of raw 
;aterials, especially the carbon black. The best approach for me to try to 
rect~fy this situation seE!?Tled to be ~o advise C!QA i~ setting "JP test :nethods 
-.rlth which CIQA could become familiar, so that CIQ! could then apply ~hese 
methods to testing of suspect lots of carbon black from ~asterbatch producers 
and eventually encourage these prod~cers to adopt some of these tests 
themselves. ~or this 'PlJI"POSe it seemed best to '!lse ASTH tests, since 
these are internationally recognized and should be acceptable to both 
:nanufacturers and consumers of carbon black. I a~sed CIQA regarding 
ASr.1 tests D1510, D15~3, D1514, J2414, D3265, and D3313. I also promised 
to send information regarding a !'lon-.r\S'r.i test for "structure" of carbon 
black (by specific volume under compression) which I have worked on in the 
past. I believe that these tests should ena~le CIQA to check on whether 
particular lots of carbon black are within specifications, and also to 
learn whether ~ertain properties, such as pellet hareness, which may be 
acceptable for rubber customers may cause problems f Jr plastics manufacturers. 
! agreed to continue to advise CIQA by mail regarding these tests a."l.d other 
aspects of this mission. 

(5) Miscellaneous. 

(a) ! advised Dr. Ramos and :>r. Angulo concerning a proposed paper of 
theirs on bound rubber (formed by interaction of various elastomers with 
carbon black during mixing). 

(b) I advised Dr. Ramirez concerning his proposed p--er on the effect 
of variables in the production of black masterbatch and blown film. 

(c) I agreed to assist Dr. Ramos i.n his search for candidates for a 
temporary position in polymer chemistry/engineering for which he has obtained 
funding. 

RECOMMENDATIONS FOR FURT~ ACTION 

(1) Technical. 

(a} CIQA should gain further exper1.ence with the tape extrusion test 
for black masterbatch dispersion qua~ity, using internally gene~ated samples. 

(b} CIQA should continue wi.th a limited effort to dev~lop a test for 
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quality based on si..'Tlpler or ~ore readily avai.lable equipment. 

(c) CIQA should set up tests for ~onitoring carbon black quality. 
The cooperation of carbon black manufacturers should be sought in connection 
with establishr.ient of these tests. 

(2) PrograJ11S. 

(a) CIQA should continue with its uolicy of cooperation with producers 
of masterbatch and fil.~. 

(b) CIQA should continue •"it~ its program of eval~ation of plastics film 
~or agricultural applications. 

(c) CIQA should set up a program of regular monitorin.g of carbon black 
sanmles obtained from (i) carbon black manufacturers and (ii") carbon black 
consumers such as masterbatch prod\icers. 

(d) CIQA should be in a position to evaluate :nasterbatch qualit7 for 
both producers and consumers of masterbatch, and also to evalniate film 
quality for producers ar.1 consumers of film. The extent to which CIQA 
should act as an arbiter of quality in case of dispute would depend on 
a number of political and legal aspects with which I am not familiar. 

(3) Equipment. 

CIQA shonl=. purchase addi.tional equipment alon~ the following lines 
(listed below i.n order of decreasing priority from the standpoint of this 
m.i.ssi.on). 

(a) ~quipment necessary for implementati.on of the ASTM tests for carbon 
black ( v •. s.). 

(b) Better microscope for visible light. 

(c) Equipment for dynamic mechanical testing of polymers. 

(d) Electron microscopes ('"'EM, SEM). 

(4) Organizational. 

(a) CIQA should hire a colloid/surface scientist as a full-time staff 
member. 

(b) CIQA should try to hire retired technical people with practical 
experience, such as in technical service or production, on a part-time 
basis. People from more technically advanced countries could be ver1 
useful as consultants to CIQA and to Mexican industry; and by using them 
on a part-time basis, a greater diversity of backgrounds could be obtained 
for the same expenditure. 

Respectfully submitted, 

~~ 
Avrom I. Medalia 

Jecember 24, 1984 




