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THIS PBOJBCT HiS BEEN «CU^gB^l^^^^ffigS^^   FIIZ #]*ü0.112-63#2ß 

Fort Knox, Kentucky 

19ii6 

CO 

oJ«ct No. T-5 
PMEA 727-2 21 July 19A5 

lo    PROJECT;    Hoc  T-5 - Test of Flameproofed Clothings    Second Partial Reporte 
Subject:    Effect« of Wearing Flameproofed Clothing In Hot Envlronmenta, 

ao    Authority;    Letter, 6th Indorsement, SPUDO 421, ASF, SGO,  Äaahington 
25, D. C, 7 December 19V»o 

bo    Purpose;    To evaluate the effects of wearing two types of flameproofed 
clothing in hot enviroa-nents» 

2o    DISCUSSION; 

In the first partial report* on this project,  the effects of wearing a 
type of flameproofed and gasproofed clothing designated therein as "D" were 
presented«    This garment although especially prepared for use in hot climates was 
found to impose a greater heat losd than the standard herringbone twill outfit» 
The increased heat load was not apparent until the men worked in the more severe 
environments, simulating those that may be found in buttoned-up tanks (D.B»'*'*' 1200F., 
Vf.Bo** 8$°^) operating in hot climates»    Inasmuch as this added heat load can be 
critical in determining the duration and effectiveness with which combat tank 
crews continue operation, flameproofed "D" garments could not be considered entirely 
satisfactory for issue in very hot climates. 

In continuing the evaluation of flameproofed garments for tank crews, a 
second small batch of flameproofed and gasproofed clothing, "I," was subjected to 
test.    The essential components of this impregnating mixture were identical with 
those used in the "D" impregnation.    It is to be noted that the constituents of 
the two impregnating agents are the same, with the exception that the nX" garments 
contained twice as much aluminum stearate in the garment,,    The final pickup of 
iapregnite of both was practically equal, 

3Ü    CONCLUSIONS: 

In hot environments (DoB„  1200Fo, W0Be  880F); 

a.    The heat load imposed by a single layer of either flameproofed "X" 
twill or herringbone twill is similar. 

bo    The heat load imposed by flameproofed "D"  clothing is defiriiteiy 
greater than that imposed by either the flameproofed "X" or herringbone  twill outfits. 

«    Test of Flameproofed Clothing, Project Mo=  T-5,  AiffL,  17 July 19^5. 

** DoB. = Dry Bulb Temperature 
W.B.  - '>Vet Bulb Temperature 
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Co Throughout the test, the physical characteristics of flameproofed 
"X" clothing closely resembled those of herringbone twill in sharp contrast to 
the appearance of flameproofed MD" garments. 

do Neither flameproofed clothing "X"nor "D" produced acute toxic changes 
of a local or systeiTiic nature in the rearers. 

U,    RECQtQCvNDATIONS; 

ao That flameproofed "X" clothing be considered unsatisfactory for issue 
to troops because the flame resistance of flameproofed "X" garments was inferior 
to that of flameproofed "D" garments, both Defore and after «rearc* 

bc That this report be considered in conjunction with the other partial 
reports from this laboratoryc 

Submitted by: 

Ludwig Vü Eichna, Major, M,C. 
Steven M. Horvath, üijor, SnC 
«alter Bo Shelley, Captain,  UoC, 

Assisted by: 

Howard Colden, Tec 3 
John E.  »Vagar, Tec 3 
Kenneth C.  Davis, Tec 3 
Janes P. Stack, Tec 3 
William Jo  Robinson, lee  5 
James A» Gregg, P-k 

k incls. 
i!|l - Appendix 
#2 - Tables   I thru V 
ff3 - Charts 1 and ü 
HU - Photograph 

APPROVED 
AILLARD KACHLE 

Colonel, Uedical Corps 
Commanding 

N.R.CT, Project C.M.C.  No.   27, Sub-Project k7-At.-X-2, SubJ:  Trie Flameproofing 
of Army Clothing, 30 April 1945» 
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APPENDIX 

I»    Subjects. Experimental Conditiona and Procedurea 

This work  was conducted as a part of the studies presented in the first 
partial report,*    The subjects,  experimental conditions and procedurea »ere 
identical with those described in the first partial report.     However,  the present 
study was carried out in only one environnent;  viz, D„Bo   1200Fo,  A.B.  GO0?,,, 
R.H. 28$o    The .nen wore the following types and assemblies of clothing which were 
prepared by Che-nical Warfare Servlce„ 

a. Herringbone Twill (HBT).  single layer - half wool socks, service 
shoes, cotton shorts, two piece fatigue uniform of herringbone twillc 

b. Flameproofed assembly "X." single layer - half wool socks, service 
shoes,  cotton shorts, flameproofed two piece fatigue uniform herringbone twill 
(Formula X), 

c    Flameproofed assembly "D." single layer - half wool socks, service 
shoes, cotton shorts, flameproofed two piece fatigue uniform of herringbone twill 
(Formula D)- 

The flameproofed and gasproof ed clothing was of two kinds,  nXM end "D,H 

They were prepared by impregnation with the same chemicals.    However,  the "X" 
foraula contained twice äs much aluminum stearate as the "D."    Flameoroofed "X" 
clothing consisted of HBT Jacket or trousers which had been impregnated with tne 
following formula:    chlorinated paraIfin/CC-2/zinc oxide/al   ainum stearate/acetylene 
tetrachloride/139/139/139/3408/I39O,    The pickup amounted to UCfc,    The garments 
were not laundered. 

Flameproofed "D" clothing was impregnated with:    chlorinated paraffin/ 
CC-2/zinc oxide/aluminum stearate/acetylene tetrachloride/139/139/139/17/1623.    The 
initial pickup was U7% which was considered excessive and was reduced by one 
laundering to 38^»    The pickup of impregnite in both batches at the start of the 
test was,  therefore,  practically equal,, 

2o    Results 

In the first partial report of this  project,  it was shown that no dif- 
ferences in response to wearing either herringbone twill or flameproofed "Dn 

clothing could be demonstrated in moderately warm environments;  e.g.,  D^B.  100oFo, 
WoB.  80°F.    Differences appeared only in severe environmentso    Accordingly, to 
evaluate the relative merits of the tw. flameproof garments,  tests were run at 
D.B.   120oFl,,   Ä0B0   SB0?,, which also simulates conditions that may be found in 
tanks in hot climates, 

au     Physiologic Effects of Flaneproofed "X" Garments and Herringbone Twill, 
A study of the heat loads imposed on men by both flameproofed "X"  and herringbone 
twill outfits was  carried out during the period of acclimatization to a hot 

♦ Test of Flameproofed Cloth, ng,  ProJ,   No.  T-5,  Ist Partial Report,   AMRL, 17 July 45. 
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environment; D-B.  120oF., WSB.  880F.    In Chart 1 and Table I are shown the response» 
of the men clothed in the two types of garments on the first, fifth and eighth 
day of exposure to the neaU    On the first day,  the men were required to walk 
only one (1) hour; on the fifth day,  two hours and on the eighth day,  four hours. 
Originally the two groups were each composed of 5 men,,    On the fifth day, UcK and 
Nau were both ill so that their response may not be representative.    Nau is not 
shown in Chart 1 and Table I on the 3th day since he became ill and was dropped 
from the problem. 

The men in flameproofed "I" garments experienced a heat load similar 
to that found in the men in herringbone twill      The average rectal temperature, 
pulse, sweat loss and skin temperature showed no significant differences.    The 
men, however, felt that the flameproofed "X" garments were hot and uncomfortable. 

The data in Table I also illustrate the typical pattern of acclimati- 
zation.    Apparently the wearing of flameproofed "X"  clothing did not alter the 
course of normal Bcciimatizationa 

bo    Physiologic Effects of Plameproofed "D" Garments and Herringbone Twillo 
It was shown in the first partial report that at D.B.  120°?., »'.B. 8d0F.  the 
flameproofed "D" garments imposed a greater heat load on men than did herringbone 
twill. 

c.    Direct Comparison of Physiologic Effects of Flameproofed "X" and 
Flameproofed "D" Clothingc    On two consecutive days at DcEU  120oF., A.B. 880F.,  ten 
acclimatized men (Chart 2, TableII) alternately wore flameproofed "X"  and flame- 
proofed "D" assemblies.    The flameproofed "X" garments had been worn 30 hours «t 
120/88 while the flameproofed "D"  twill had been worn U hours previously.    Sig- 
nificantly higher rectal temperatures were found in the same men when wearing 
flameproofed "D" clothing.    The men reported that the flameproofed "D" garment 
was much more uncomfortable to wear stating that it felt hotter than the "X," 

It was concluded that on comfort and heat load criteria alone, 
flameprpofed "X" clothing in superior to flameproofed "D"  clothing for use In hot 
climates. 

3c    Physical Characteristics of the Ciothing 

a0    Gross Characteristics.    Type "D" flameproofed twill garments have been 
described previously^    Their stiffness, coarseness and general uncomfortablenese 
were not appreciably altered with wear.    This flameproofed clothing was resistant 
to wetting and while some improvement was noted, it never attained the wetting 
qualities exhibited by untreated herringbone twill. 

Type "X" flameproofed twill garments when received for test were heavy 
and had a waxy apoearance but were not particularly stiff or coarse.    After the 
initial wearing,  they became as pliaole as herringbone twill.    The greater weight 
of the "X" garments persisted unchanged throughout the study, 

Flameproofed clothing "X" also differed from "D" in that it did not 
show particular resistance to wetting (Photograph 1;,    In general, it aopeared to 

Incl.,  #1 
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b« «retted be readily as herringbone twill»    Type "X" g&rments differed soutenhat 
from herringbone twill in that, while it «as as completely wetted, it never ab- 
sorbed the same quantities of moisture.    This «as undoubtedly related to the 
presence of the flame treatment materials whicn took up some of the space avail- 
able for absorption. 

All subjects preferred type "X" flameproofed garments to type "D." 
The primary reason was related to the greater ease of wetting type "X" garments. 

b„    Absorption of Water,,    Studies on the sweat uptake during the walking 
periods were performed.    The clothing was dried for at least fourteen K\U) hours 
before being taken into the hot room prior to the day's work.    The individual 
items of clothing were weighed to within five I5j grams immediately before and 
after the walking period.    Table III indicates the close similarity between the 
moisture uptake of untreated herringbone twill and t/pe "X" flameproof ed twill,, 
In a previous report, it was shown that type "D" flaraeproofed twill exhibited 
relatively poor water uptakes even after considerable wear in comparison to un- 
treated herringbone twill. 

This suggested difference between the two kinds of flameproofed 
garucnts is borne out by the data presented in Table IV.    The greater ability of 
type "X" to absorb moisture is not as evident during the initial wear because of 
the almost three-fold greater period of wear for type "D,". The superiority of 
"X" is quite marked by the tenth wearing when these garments have absorbed nearly 
twice as much moisture despite a smaller amount of available water»    This in- 
creased water absorbing capacity of "X" clothing was not due to the leaching out 
of the flameproofing compound for the weight of tnese flsmeoroofed garments did 
not increase with repeated wear (Table V)., 

4.    Toxic Effects 

No toxic effects attributable to either type of impregnation were encounteredt 
Neither generalized systemic effects nor local cutaneous toxic reactions result- 
ing from direct contact were seen.    Cut^.oous lesions attributable to friction of 
the clothing were encountered and have been discussed in a previous report. 

5o    Flame Resistance of the Clothing 

A report on flame-resisting properties of the articles of clothing used 
in this test has been submitted by another agency.*    Type "X" clothing was not as 
resistant as type "D.M    As a result of wear in environmental conditions where 
sweat output is nearly maximal,  tyoe "D" lost some of its flameproof qualities 
while type "X"  lost nearly allo    In fact, worn type "X" flameproof ed clothing 
burned nearly as readily as untreated herringbone twill»    This was difficult to 
understand as there was no change in the weight of the "X" garment which indicated 
that the impregnite was still present» 

This failure to retain adequate flameproofness eliminates "X" clothing 
i /V' from consideration for use. 

♦ N.R.C.  Project Q.W.C.  No. 27, Sub-Project 27-A5-X-2, SubJ: The Flameproofing 
of Army Clothing, 30 April 1V45. 
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TABLE III 

The Sweat Absorbed by FlAJoeproofed and Herringbon« 
TVill Two-piece Fatigue Uniform! during Work 

D.B. 120oF - W.B, 880P 

(Data aro the Average for the Clothing of Five k*»n) 

|              TIPB     OF     OARMKNT 

First Wearing Sixth Wearing 

Herringbon« 
Twill 

Flameproof 
T*ill "X'' 

Herringbone 
Mil 

Flameproof 
Twill "X" 

Hours of Wear lc3 lo3 4,0 4.0 

Water Absorbed (Gran«) 

Jacket 191 183 406 364 

Trousers 40 52 261 207 

Assembly 231 235 669 571 

Total Sweat of Subject 
(Grams) 

1359 1096 5156 

i 

47Ö5 

Incl, #2 
»PlUjLUJIljL 
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TABLE IV 

Repeated Wear 

D.B. 120OF-WoBf 880P 

(Data are the Average for the Clothing of Five * i) 

TYPE      0?      GARMENT 

T»iU "X" 

Hours bf Wear                  | Ao 

.Jacket 183 

Troutere 52 

Assembly 235 

Total Sweat of Subjecta 
(Grants) 

|l096 
1 

lo3 

TwiUJ^! 

3.6 

U3 

141 

284 

5722 

First Wearing 
[ir^SSTl    Flameproof   I  f&SSprwl 
l™r.V:        *-m  «n«     »  Twill "X" 

4,2 

543 

483 

1026 

6710 

Tenth Wearirg  
FlaBeproo? 
Ttrill "D" 1 

305 

306 

305 

6U 

8181 

fi 

ü. 
Incl. #2 

TABU IV 
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TABLE V 

Weight of Fl%jaeproofod Clothing Bofor« and  '.fter th« 
Last Wearing 

(Data are the Average of Five Uniforme of 
Type "X" and Ten Uniforma of Type "D") 

|   Jacket Troueere 

Flarceproofed Twill "X" 

Initial Weight (Gm) 960 836 

Final Weight      {Om) %8 839 

Flameproofed Twill "D" 

1098 960 Initial Weight    (Gm) 

Final Weight       (on) 1106 980 

Incl. #2 

^M H f  1  U J, jl 2 '^ 

TABLE V 
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CHART    I 

AVERAGE    PHYSIOLOGIC  RESPONSE  OF  WORKING  MEN   WEARING 
FLAMEPROOFED (X) TWILL AND   HERRINGBONE   TWILL 

D.B. 120° F-W.B. 880F 

o* < 
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• »-rX 
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ct 
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i50 

135 

120 
h- 
cr 
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UJ 105 
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90 Y 

104 
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< id 
o 
aJ 

IQU 
a 
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UJ 

99 

90 f 

97 

96 J 1 L. 
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DAY   IN i ST 

HEAT 
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